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            Abstract

            
               
Direct oral anticoagulants (DOACs) are emerging as attractive alternatives to vitamin K antagonist which have long been the
                  standard of care in anticoagulation. DOACs are indicated for both prevention and treatment. DOACs have emerged as more effective,
                  safe, and convenient treatment options in thromboembolic settings. With the availability of a gamut of DOACs, clinicians are
                  faced with challenging decisions relating to its hemorrhagic adverse effects. This review will provide an overview on how
                  to manage the hemorrhagic adverse effects of DOACs/vitamin K antagonists and act as a practical guide for clinicians to optimize
                  DOAC use in such challenging scenarios. Topics addressed include transitioning between anticoagulant regimens known as the
                  bridge therapy.
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               Introduction

            Direct oral anticoagulants (DOACs) have quickly become attractive alternatives to the long-standing standard of care in anticoagulation,
               vitamin K antagonist. DOACs are indicated for both prevention and treatment. DOACs have emerged as more effective, safe, and
               convenient treatment options in thromboembolic settings. With the expanding role of DOACs, clinicians are faced with increasingly
               complex decisions relating to its hemorrhagic adverse effects. This review will provide an overview on how to manage the hemorrhagic
               adverse effects of DOACs/vitamin K antagonists and act as a pragmatic guide for clinicians to optimize DOAC use in such challenging
               scenarios. This review addresses the transitioning between anticoagulant regimens known as the bridge therapy.
            

         

         
               When is Anticoagulation Reversal Indicated?

            Anticoagulation reversal is indicated only in instances of major bleeding in a critical site or in instances where urgent
               invasive procedure is being contemplated in patients taking anticoagulation, when the procedure cannot be safely delayed.
               The 2019 guidelines of the anticoagulation forum suggest reversal when there is a concern of clinically relevant plasma concentration
               of Direct acting Oral Anticoagulants(DOACs).1 Although various definitions have been put forth to define a major bleed, the one proposed by The International Society on
               Thrombosis and Hemostasis (ISTH) is the most accepted, 2 which defines major bleeding as:
            

            
                  
                  	
                     Fatal bleeding and/or,

                  

                  	
                     Symptomatic bleeding in critical sites or organs such as intracerebral, intraspinal, intraocular, pericardial, retroperitoneal,
                        intra-articular or intramuscular hemorrhages with compartment syndrome and/or,
                     

                  

                  	
                     Massive bleeding causing a drop in Hemoglobin of  
                           
                              ≥
                           2g/dL or requiring two units of whole blood or packed red cell transfusions. 
                     

                  

               

            

            Before considering reversal, it is important to know the type of anticoagulation the patient was on and understand the pharmacokinetics
               of the drugs. Of the oral anticoagulants commonly in use, DOACs have a favorable side effect profile with no requirement for
               monitoring of activity. A meta-analysis of more than 100000 patients from 13 randomised controlled trials reported that DOACs
               have 47% lesser bleeding risk compared to Vitamin K antagonists (VKAs).3 Regarding DOACs, their shorter half-life and predictable pharmacokinetics, favorable safety profile compared to VKAs have
               favored the use of supportive measures alone (such as discontinuation of the offending drug and antiplatelets, compression
               or procedure directed at bleeding site if feasible, transfusion support and volume resuscitation) without any reversal agents
               in the pre-antidote era. 1 
            

            Reversal agents may be specific (Idarucizumab for Dabigatran and Andexenat alpha for rivaroxaban/apixaban) or non-specific
               [Prothrombin Complex Concentrates (PCC), activated Prothrombin Complex Concentrates, Vitamin K, Fresh frozen plasma (FFP)].
               
            

            
                  
                  	
                     For reversal of VKA associated bleeding PCC with vitamin K are the drugs of choice. 

                  

                  	
                     Protamine sulphate is the agent of choice for reversal of heparin. 

                  

                  	
                     For reversal of DOAC associated bleeding, specific reversal agents are recommended. When such reversal agents are not available,
                        PCC may be used as an alternative. 
                     

                  

               

            

            Patients with overdose of DOAC without bleeding manifestations are to be managed as that of any other drug poisoning with
               supportive care. For those with VKA overdose, it is prudent to monitor the INR and treat them only when there are bleeding
               manifestations, depending on INR values. When there are no bleeding manifestations and INR is <4, omitting the next dose of
               VKA may be sufficient, while for those with INR >4 but <10 and bleeding risk is low, parentral vitamin K alone is sufficient
               without the need for PCC of FFP. 
            

            Dabigatran is the only DOAC for which hemodialysis may be used for reversal due to its low plasma protein binding, although
               the technical feasibility is limited especially when patients present with acute severe bleeding. Activated charcoal is another
               nonspecific therapeutic strategy that may be used within 3 hours of intake of dabigatran and upto 6 hours in case of apixaban.4 Ciraparantag (PER977) is a novel agent that can bind to heparin, low molecular weight heparin, direct thrombin inhibitors
               as well as Xa inhibitors, and is being touted as an universal reversal agent that is still in clinical trials. 5 
            

            Reversal agents have adverse effects such as thromboembolic events especially in the initial days after reversal. It is important
               to consider the degree of anticoagulation, the time interval since the last dose and the extent to which the anticoagulant
               could contribute to the bleeding. The benefits of reversal should always be weighed against the risk of thromboembolic complications
               and anticoagulation should be resumed soon afterwards. 
            

            The following situations may be taken as examples wherein anticoagulation reversal is not indicated and alternative supportive
               measures may be deemed enough: 1

            
                  
                  	
                     Mucosal bleeding (epistaxis, uterine bleeding, hematuria) that is mild with no significant drop in hemoglobin

                  

                  	
                     Superficial skin abrasions with minor oozing

                  

                  	
                     Peripheral venous injuries that are amenable to compression

                  

                  	
                     Occult blood positive in stools

                  

                  	
                     Trauma without bleeding 

                  

                  	
                     Overdose of anticoagulant without bleeding manifestations

                  

                  	
                     Surgical procedures that can be safely delayed in patients on anticoagulation 

                  

                  	
                     Minor surgical procedures such as cataract surgery, upper gastrointestinal endoscopy without biopsy, minor dental or dermatological
                        procedures with minimal bleeding risk may be performed with the patient on anticoagulation. Surgery may be performed when
                        the INR is <1.5 in patients on VKA.
                     

                  

               

            

            The PAUSE study found that patients on DOACs may be subjected to surgery by delaying the procedure based on the associated
               bleeding risk. For surgical procedures with mild bleeding risk, anticoagulation was withheld a day before, while for those
               with higher bleeding risk it was withheld 2 days before and even longer for patients on dabigatran with creatinine clearance
               less than 50ml/min. 6 When there is a pressing need for an urgent surgery and the PAUSE protocol cannot be adhered to, it is recommended to assess
               the DOAC level in blood. Alternatively factor Xa assays or thrombin time may be performed, for Xa inhibitors and dabigatran
               respectively. 
            

            In patients taking VKA requiring non emergent surgery, further doses may be withheld and the procedure may be done when INR
               <1.5. In patients with INR >1.5 and in whom an urgent surgery may be delayed for 6-12 hours, it may be reasonable to give
               Vitamin K. For those requiring emergency surgery that cannot be delayed, anticoagulation reversal with both vitamin K and
               PCC may be considered. 
            

            
                  
                  Table 1

                  Risk stratification of thromboembolic potential
                  

               

               
                     
                        
                           	
                              
                           
                           
                              Thromboembolic risk category
                              
                           

                           
                        
                        	
                              
                           
                            Atrial fibrillation

                           
                        
                        	
                              
                           
                            Mechanical heart valves

                           
                        
                        	
                              
                           
                            Venous thromboembolism (VTE)

                           
                        
                     

                     
                           	
                              
                           
                            High risk (annual risk >10%)

                           
                        
                        	
                              
                           
                            CHADS2 score  
                                 
                                    ≥
                                 5, Recent stroke/TIA within 3 months, Rheumatic valvular heart disease,
                           

                           
                        
                        	
                              
                           
                            Mechanical mitral valve, Older aortic mechanical valve (caged ball, tilting disk), recent stroke/TIA within 3 months

                           
                        
                        	
                              
                           
                            Recent VTE within 3 months, High risk thrombophilia (deficiency of protein C, protein S, antithrombin, antiphospholipid syndrome,
                              homozygous factor V Leiden or prothrombin gene mutation)
                           

                           
                        
                     

                     
                           	
                              
                           
                            Moderate risk (annual risk 5-10%)

                           
                        
                        	
                              
                           
                            CHADS2 score 3 or 4 

                           
                        
                        	
                              
                           
                            Bileaflet aortic valve prosthesis with  
                                 
                                    ≥
                                 1 risk factor(age  
                                 
                                    ≥
                                 75, atrial fibrillation, congestive heart failure, diabetes mellitus, hypertension, stroke or TIA)
                           

                           
                        
                        	
                              
                           
                            VTE within 3-12 months, moderate risk thrombophilia (heterozygous mutations in factor V Leiden or prothrombin gene), recurrent
                              VTE, active cancer (metastatic or treated within past 6 months)
                           

                           
                        
                     

                     
                           	
                              
                           
                            Low risk (annual risk <5%)

                           
                        
                        	
                              
                           
                            CHADS2 score 0-2

                           
                        
                        	
                              
                           
                            Bileaflet aortic valve prosthesis with no risk factors

                           
                        
                        	
                              
                           
                            VTE >12 months ago

                           
                        
                     

                  
               

            

            
                  
                  Table 2

                  List of low and high bleeding risk procedures
                  

               

               
                     
                        
                           	
                              
                           
                            Low bleeding risk procedures

                           
                        
                        	
                              
                           
                            High bleeding risk procedures

                           
                        
                     

                     
                           	
                              
                           
                            Cataract surgery

                           
                        
                        	
                              
                           
                            Cardiac surgeries

                           
                        
                     

                     
                           	
                              
                           
                            Dental extraction and minor dental procedures like endodontics, prosthetic fitting, restoration

                           
                        
                        	
                              
                           
                            Intracranial and intraspinal surgeries

                           
                        
                     

                     
                           	
                              
                           
                            Upper and Lower gastrointestinal endoscopies without biopsies

                           
                        
                        	
                              
                           
                            Major orthopedic surgeries

                           
                        
                     

                     
                           	
                              
                           
                            Dermatological procedures

                           
                        
                        	
                              
                           
                            Surgery in highly vascular organs (liver, spleen, kidney)

                           
                        
                     

                     
                           	
                              
                           
                            Bronchoscopies

                           
                        
                        	
                              
                           
                            Intra-abdominal or intra-thoracic surgeries (eg. Visceral organ or lung resection, cancer surgeries)

                           
                        
                     

                     
                           	
                              
                           
                            Intra-articular injections

                           
                        
                        	
                              
                           
                            Polpectomies

                           
                        
                     

                     
                           	
                              
                           
                            Carpal tunnel surgery

                           
                        
                        	
                              
                           
                            Biopsies of kidney, prostrate

                           
                        
                     

                     
                           	
                              
                           
                            Cardiac catheterization (with or without percutaneous coronary intervention)

                           
                        
                        	
                              
                           
                            Vascular surgeries (aneurysm repair, vascular bypass)

                           
                        
                     

                     
                           	
                              
                           
                            Any surgical procedure lasting < 1 hour

                           
                        
                        	
                              
                           
                            Permanent pacemaker or internal defibrillator insertion

                           
                        
                     

                     
                           	
                              
                           
                            Any surgical procedure lasting  
                                 
                                    ≥
                                 1 hour
                           

                           
                        
                     

                  
               

            

         

         
               Methods to Bridge Therapy

            Assessment of the thromboembolic risk to the patient with atrial fibrillation versus the risk of perioperative bleeding has
               to be made before deciding on the need for bridging therapy, which can be done using the CHA2DS2VASc (congestive heart failure,
               hypertension, age ≥75 (doubled), diabetes, stroke (doubled), vascular disease, age 65 to 74 and sex category (female))scores
               and HAS-BLED (Hypertension, Abnormal liver/renal function, Stroke history, Bleeding history or predisposition, Labile INR,
               Elderly, Drug/alcohol usage) scores respectively.7 HAS-BLED has been shown to reliably predict post-operative bleeding in the BORDER study.8 Bridging therapy is substitution of a long-acting oral anticoagulant with a short acting anticoagulant (usually heparin or
               low molecular weight heparin) so as to minimize the duration the patient is out of therapeutic anticoagulation.9 Recent evidence do not favor bridging therapy as it has been shown to increase bleeding risk with no significant differences
               in the thromboembolic risks when comparing patients with and without bridging therapy respectively 10, 11, 12 (although conditions with high bleeding risks were not adequately represented in some).  Despite this, bridging therapy is
               used in high risk conditions with thromboembolic potential, some of which are mentioned below: 
            

            
                  
                  	
                     Prosthetic mitral valve, prosthetic aortic valve with additional risk factors such as prior stroke, TIA, or in-situ thrombus
                        in the heart, more than 2 prosthetic valves
                     

                  

                  	
                     Recent history (within 3 months) of stroke, TIA or venous thromboembolism.

                  

                  	
                     Recent coronary stenting (within 3 months).

                  

                  	
                     Those who had thromboembolic events while on anticoagulation or when anticoagulation was temporarily withheld.

                  

                  	
                     Those with atrial fibrillation and a CHA2DS2VASc score >5 with additional cardiovascular risk factors.

                  

               

            

            Risk stratification of thromboembolic potential to decide on the need for bridging therapy as suggested by BRIDGE investigators
               13 (Table  1) 
            

            The protocol used in the BRIDGE study is the one that is commonly used for bridging therapy. 12 
            

            
                  
                  	
                     Stop VKA 5 days prior to surgery.

                  

                  	
                     Start low molecular weight heparin (LMWH) 3 days prior to surgery.

                  

                  	
                     Check INR 24 hours prior to surgery, if INR >1.8, then administer vitamin K. If INR 1.5-1.8, then vitamin K is optional.

                  

                  	
                     Restart VKA on the same evening or next day of procedure.

                  

                  	
                     Restart LMWH by 12- 24 hours after surgery for low bleeding risk procedures and by 48-72 hours for high bleeding risk procedures.

                  

                  	
                     Stop LMWH when INR reaches therapeutic levels.

                  

               

            

            A suggested classification of low and high bleeding risk procedures may be used for deciding on the timing of restarting bridging
               therapy. For low bleeding risk procedures bridging may be started 24 hours after surgery while for high bleeding risk procedures
               it is reasonable to wait for 48-72 hours.14 (Table  2)
            

            A patient with a high bleeding risk will benefit from anticoagulation interruption in situations such as major surgeries with
               high risk of perioperative bleeding. For patients on DOACs, a minimum interruption time of at least 2 half-lives (~24 hours)
               is recommended for patients with low bleeding risks, and maximum of 72 hours for those with high bleeding risks. The duration
               of interruption is extended to a maximum of 120 hours for those on dabigatran with creatinine clearance <30ml/min.14 
            

            Reversal of anticoagulation needs to be applied to clinical scenarios of major bleeding or where urgent surgery is required.
               It is not to be used injudiciously in alternative scenarios where supportive management is often enough. With current evidence
               not favouring bridging therapy in view of elevated bleeding risks and no differences in thromboembolic potential, bridging
               therapy may be considered only in instances of high thromboembolic risks. 
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