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Abstract
Atrial fibrillation is widely prevalent (1-2%) among general population and approximately 10 % among the population over 80 years of age. 

The vascular ischemic stroke is the most severe complication of atrial fibrillation, with a mortality rate of 20% and a disability of 60%. It appears in 4-5% of the patients without oral anticoagulant therapy; however, the rate of occurrence may be reduced by 64% by using anticoagulant treatment with antivitamins K. However, the treatment with antivitamins K has major limitations, such as unpredictable response, narrow therapeutic window (INR between 2 and 3), multiple interactions with food and different medications, the need for recurrent monitoring through INR. Moreover, it has a risk of major hemorrhage of 1-2% per year. For these reasons, less than 50% of the patients with atrial fibrillation are under chronic treatment with antivitamins K. 
Recently, two new anticoagulants (dabigatran and rivaroxaban) proved their potential to replace the antivitamins K in the prevention of embolic events in patients with atrial fibrillation and without associated valvulopathy. 
The RELY study (with dabigatran, an inhibitor of activated factor II) has documented the fact that the dabigatran in doses of 150mg 2 times/day is superior to warfarin in the prevention of embolic events, having a similar rate of bleeding. 
Similarly, in the Rocket study (whose results have not been yet published), rivaroxaban (an inhibitor of activated factor II) proved non-inferiority as compared with the warfarin in the prevention of the embolic events, having a similar bleeding risk with that of the warfarin.

In this review, the action mechanisms of the new anticoagulants, the proofs we have so far regarding their indications in the treatment of the non-valvular atrial fibrillation, possible limitations, but also the perspectives of their use will be discussed. Several practical aspects regarding the recommendation of the new anticoagulants for selected categories of patients will also be discussed. 
Key words: atrial fibrillation, oral anticoagulant therapy, antivitamins K, dabigatran, rivaroxaban.
Rezumat

Fibrilația atrială are prevalență înaltă (1-2%) în populația generală și de aproximativ 10% în populația cu vârste peste 80 de ani. 

Accidentul vascular cerebral ischemic este cea mai severă complicație a fibrilației atriale, cu o mortalitate de 20% și o dizabilitate de 60%. Apare la 4-5% din pacienții fără terapie anticoagulantă orală, însă rata de apariție poate fi redusă cu 64% prin folosirea tratamentului anticoagulant cu antivitaminice K. Totusi, tratamentul cu antivitaminice K are limitari majore, precum răspunsul imprevizibil, fereastra terapeutică îngustă (INR între 2 și 3), interacțiuni numeroase cu alimente și diverse medicamente, nevoia de monitorizare recurentă prin INR. Mai mult, are un risc de hemoragie majoră de 1-2% pe an. Din aceste motive, mai puțin de 50% din pacienții cu fibrilație atrială se află sub tratament cronic cu antivitaminice K.

Recent, două anticoagulante noi (dabigatran și rivaroxaban) și-au dovedit potențialul de a înlocui antivitaminicele K în prevenția evenimentelor embolice la pacienții cu fibrilație atrială și fără valvulopatie asociată.

Studiul RELY (cu dabigatran, un inhibitor de factor II activat) a documentat faptul că dabigatranul în doza de 150mg de 2 ori/zi este superior warfarinei în prevenția evenimentelor embolice, avand o rată similară a sângerării.

În mod similar, în studiul Rocket (ale cărui rezultate nu au fost publicate încă), rivaroxabanul (un inhibitor de factor II activat) a demonstrat non inferioritate față de warfarină în prevenția evenimentelor embolice, având un risc similar de sângerare cu al warfarinei.

În aceasta recenzie, se vor discuta mecanismele de acțiune ale noilor anticoagulante, dovezile de care dispunem până la ora actuală privind indicațiile lor în tratamentul fibrilației atriale non-valvulare, potențialele limitări, dar și perspectivele folosirii lor. Vor fi discutate și câteva aspecte practice privind recomandarea noilor anticoagulante la categorii selectate de pacienți.

Cuvinte cheie: fibrilația atrială, terapie anticoagulantă orală, antivitaminicele K, dabigatran, rivaroxaban.
Current problems in the AF anticoagulant treatment 
During the last 60 years, oral anticoagulants (ACO) of antivitamin K type (AVK) have represented the single effective medication for the long term treatment of venous thromboembolism (TEV) and for the prevention of cerebrovascular accident in non-valvular and valvular atrial fibrillation (AF). Although effective, AVK have a relatively low predictable anticoagulant effect, narrow therapeutic window (INR between 2 and 3 in non-valvular AF), multiple interactions with medications and food and determine the repeated laboratory monitoring of the coagulation parameters (INR). Additionally, the resistance to AVK is present in approximately 10% of the cases. Like other types of anticoagulants, for example heparins, AVK have hemorrhagic risk (major hemorrhage 1-2%), in direct relation with the anticoagulation level. At adequate doses and on a long term, the anticoagulation level has relatively high variations, requiring repeated measurements of the INR values (every 4-6 weeks).

In the prevention tactics of the embolic cerebrovascular accident from AF and of other conditions which require chronic anticoagulation, AVK were not dethroned by the introduction of low molecular weight heparin (LMWH); these have special indications and for limited time durations.
Extensive research in the last 5-10 years on the thrombosis processes, both in the arterial and venous system, were directed towards two major factors of the coagulation process: activated Factor II and Factor X (FII and FXa). These have become therapeutic targets(1,2). The results have started to appear and, at present, two new ACO (dabigatran and rivaroxaban) are in the approval period by FDA and EMA. Many anticoagulant agents are in the clinical study phase, stage II or III, the results being expected in the years 2011 and 2012. Among the oral Fxa inhibitors, the following are in different clinical study phases: apixaban, betrixaban and edoxaban(2,3).

Three domains of thromboembolic pathology represent indications of treatment with the new ACO:

1) prevention of the embolic cerebrovascular accident and of the systemic embolism in AF;

2) prevention and treatment of TEV;

3) adjuvant treatment in acute coronary syndromes (ACS).
The current article presents some of the new perspectives of oral anticoagulant treatment in the prevention of the cerebrovascular accident and the systemic embolism in non-valvular AF.

Non-valvular atrial fibrillation and its embolic risk represent one of the indications of the anticoagulant treatment on a long term, considering the high prevalence of arrhythmia among general population (1-2% and approximately 10% in persons over 80). The cardioembolic cerebrovascular accident in AF, without ACO treatment, has an average frequency of 4-5% per year, but the risk of cerebrovascular accident drops by 64% by direct treatment with AVK. Approximately 20% of the all the ischemic cerebrovascular accidents are due to AF and in this figure a part of the cryptogenic strokes are not introduced, possibly the embolic ones. The cardioembolic cerebrovascular accident in AF tends to be more severe than the aterothrombotic one and has a death risk of approximately 20% and of disability of 60%(4). The prevention of the cardioembolic cerebrovascular accident is a main objective of the pharmacological treatment of non-valvular or valvular, paroxysmal, persistent or permanent AF.

Currently, the indications of antithrombotic treatment in AF, are established in relation with the risk level for the cerebrovascular accident (risk stratification) and also for the efficiency of the decision, according to the CHADS2 or CHA2DS2-VASc score (4,5). The risks of bleeding are also taken into consideration as established by the bleeding risk HAS-BLED; it has been recently proved that the embolic risk scores (CHADS2 and CHA2DS2-VASc) are also useful for establishing the hemorrhage risk (which for major hemorrhages is of approximately 2%/year for the treatment with AVK). The recommendations of thromboprophylaxis in AF, were updated in the recent AF Management Guide (ESC 2010)(4).

The position of AVK, of ACO preferred in the AF thromboprophylaxis, tends to be outrun at present by two new anticoagulants: dabigatran (Pradaxa) and rivaroxaban (Xarelto(3). Additionally, apixaban has recently proven its superiority as compared to the aspirin in the prevention of the cerebrovascular accident and of the embolic events in patients with non-valvular AF, but “inadequate” for the treatment with AVK(6). Dabigatran already has a large study in the non-valvular AF (RELY study), recently published in the form of 5 major articles. RELY proved the superiority of the doses of 150 mg twice/day, as compared with warfarin, in the prevention of the cerebrovascular accident and of the embolic events, under safe condition (the reduction of the risk of hemorrhagic cerebrovascular accident)(7). Following these results, Dabigatran etexilate 150 mg twice/day has recently obtained (November 2010) the FDA (USA) approval for use in the reduction of the embolic risk in non-valvular AF. 
Rivaroxaban, FXa inhibitor, has a phase III study (ROCKET-AF) recently communicated (American AHA 2010 Congress), but still unpublished; the study proved the non-inferiority of rivaroxaban as compared with warfarin in the reduction of the risk of systemic embolism (8). Both ACO mentioned do not require the adjustment of the doses, are not affected, as regards the efficiency or risk, by the type of food or co-medication (with some exceptions, discussed in the present article) and, additionally, do not require the routine monitoring by laboratory tests. It is hoped that by their introduction in current therapy the adherence to the chronic anticoagulant treatment of AF, in the current condition, when less than 50% of the eligible patients receive AVK therapy, and less than half of them obtain efficient (therapeutic)(4) INR levels (2,0-3,0).

New anti-thrombotic in AF
1. FII inhibitors in AF
Dabigatran etexilate is the oral prodrome of dabigatran, a small molecule acting as direct thrombin inhibitor (DTI); it blocks specifically and reversibly the activity of the free thrombin also from the level of the thrombus, enzyme with central role in thrombogenesis. Unlike AVK, which have anticoagulant effects by means of some coagulation factors (II, VII, IX, and X, proteins C and S ), dabigatran acts as anticoagulant by a direct inhibitor effect on thrombin. On the other hand, inhibiting the thrombin selectively, it has antithrombotic effects, but preserves other haemostatic mechanisms of the coagulation cascade(1,3). 

Dabigatran etexilate, after oral administration, is quickly absorbed in the stomach and the small intestine and is converted in its active form by 2 intermediary metabolites. Bioconversion is produced in enterocites and hepatocytes. The moderate hepatic affection (Child-Pugh B) reduces bioconversion a little from the dabigatran etexilate to its active form. The excretion of the dabigatran is performed 80% at renal level. The half-time period is of 12-17 hours, which recommends administration 2 times per day. The elimination of dabigatran at renal level is reduced in the case of the reduction of the creatinine clearance to less than 50 ml/min; with elderly people and patients with renal dysfunction, the daily dose has to be reduced accordingly (110 or even 75 m 2 times/day)(1,9).

Currently, the effects of dabigatran on the mechanisms of coagulation are being established. The coagulation times (TT – thrombin time and ET – ecarin time) are extended corresponding to the increase of the serum levels of dabigatran; the peak of coagulation corresponds to the maximum concentration of the dabigatran (2 hours after administration)(9). The effects of the dabigatran on the thrombin inhibition is quick, different from what happens in the case of AVK (after 4-5 days). Although aPTT is not exact in the precise quantification of the anticoagulant effect of dabigatran, it can be very useful in the diagnosis of an excessive anticoagulant effect in certain emergency situation (severe hemorrhages, emergency surgery etc)(1,3). Considering the pharmacokinetic and pharmacodynamic predictability of dabigatran, as well as the absence of the interaction with most medications, the routine laboratory monitoring of coagulation is not necessary(1,3,9).

The clinical effects of dabigatran are evaluated in an ample research program (called RE-VOLUTION), in: 

1) prevention and treatment of venous thromboembolism after orthopedic surgery (RE-NOVATE I and II, RE-MODEL, RE-MOBILIZE studies); 

2) secondary prevention of venous thromboembolism (RE-COVER I and II studies); 

3) secondary prevention of acute coronary syndromes (RE-DEEM study); 

4) the prevention of the cerebrovascular accident and of the embolic events in non-valvular AF (PETRO and RELY studies). The PETRO study (“Prevention of Embolic and ThROmbotic events in patients with persistent non-valvular atrial fibrillation”), from phased II evaluated the efficiency and safety of different doses of dabigatran in the prevention of the cerebrovascular accident in 502 patients with non-valvular AF, in comparison with warfarin, in adjusted doses in order to maintain an INR between 2,0-3,0(10). The study allowed the formulation of two important conclusions:

· The dabigatran doses of 150 mg 2 times per day have similar efficiency as warfarin;

· The association of dabigatran (300 mg/day) plus aspirin (81-321 mg), causes excessive bleeding.

RE-LY study (Randomized Evaluation of Long Term Anticoagulant Therapy) phase III was the one that brought convincing proofs of dabigatran’s efficiency and safety, in comparison with warfarin in patients with non-valvular AF and finally, its approval by FDA, after over 50 years of waiting for the appearance of a new oral anticoagulant.

RE-LY is a multicentre randomized study, which enrolled 18.113 patients with AF (900 centers, 44 countries, including Romania). In RE-LY, the patients were randomized to receive either dabigatran etexilate, two doses, 110 mg and, respectively, 150 mg, twice a day, or warfarin (adjusted doses to maintain an INR between 2,0 and 3,0) The medium monitoring duration was of 2 years. The main objective was the time to the first embolic event (cerebrovascular accident or systemic embolism(7). 

The results of the study are interesting and conclusive, regarding the effects of dabigatran versus warfarin, in the prevention of embolic events in AF. They can be synthesized as follows:

1. Reduction of the risk of cerebrovascular accident and embolic events: 1,53%/year for 110 mg dabigatran x 2, 1,11% for 150 mg dabigatran x 2 and 1,69% for warfarin. Both doses of dabigatran were not inferior to warfarin (p<0,001); the dose of 150 mg of dabigatran x 2 was superior to warfarin, with a reduction of 34% of the embolic events (p<0,001).

2. The rate of major bleedings was for warfarin, dabigatran dose of 110 mg x 2 and 150 mg x 2, of 3,96%/year, respectively 2,71/year and 3,11/year. Major bleedings were significantly less frequent at the small dose of dabigatran etexilate of 110 mg x 2 times per day, with 20% (p=0,003);

3. The hemorrhagic cerebrovascular accident was smaller by 69% (for the small dose of dabigatran) and 74% (for the large dose of dabigatran) in comparison with warfarin, a result which is absolutely sensational from a clinical point of view (p<0,001);

4. The total mortality was reduced by 12% (p=0,051) with dabigatran in large dose (150 mg x 2), and the vascular mortality with 15% (p=0,04).

In synthesis, the RE-LY study concludes that dabigatran, administered in the dose of 150 mg x 2/day in comparison with warfarin, was associated with a lower rate of cerebrovascular accident and systemic embolism, but with a similar rate of major bleedings. It proved at least not inferior to warfarin in all the subgroups of patients with AF and low (small), moderate and high risk (11). There was however an increased rate of gastrointestinal bleedings (only for the large dose of dabigatran), but with an important reduction of intra-cranial bleedings.

From the PETRO and RE-LY studies, but also from other studies with dabigatran, several elements regarding the safety and its different effects were shown: 

1. In the RE-LY study, approximately 20% of the patients interrupted the treatment due to tolerance reasons;
2. The dyspepsia represented the main cause of treatment interruption, being very likely caused by the tartaric acid, present in the consistency of the dabigatran tablet);

3. In the RE-LY study was noticed a slight, insignificant increase (after the re-analysis of cases), of acute myocardial infarction (AMI), in patients treated with dabigatran versus warfarin; this apparently does not have clinical relevance, especially in the conditions in which the dabigatran reduces total and cardiovascular mortality. New data from the RE-DEEM study in fact strengthen this conclusion;

4. In patients with renal dysfunction (clearance of creatinine ≤50 ml or 30 ml/min), the dose of dabigatran has to be reduced, taking into consideration that the elimination rate at renal level is of 80%. For safety reasons (probably excessive), FDA has approved the dose of 75 mg x 2/day, in patients with renal dysfunction, although the RE-LY study proved the efficiency and safety of the 110 mg x 2/day doses.

5. The hepatic functions are not affected by the treatment with dabigatran and growths of the serum transaminases with values over 3 times the normal values were not found, as in the case of another antithrombotic (ximelagatran) which was in fact withdrawn from the market due to this major adverse reaction. 
6. Dabigatran does not interact with cytochrome P450 (and with the medications which are metabolized by them); with all that, the inhibitors of P-Glycoprotein, such as amiodarone, verapamil, or chinidin, may cause the increase of the plasmatic concentrations of dabigatran, with the possible increase of hemorrhagic risk(9).

2. Inhibitors of X Factor in atrial fibrillation 
The use of the Xa Factor (Fxa) inhibitors represents one of the ways to stop the coagulation mechanism, considering the FXa role in the thrombogenesis process. FXa initiates the common way of coagulation, by converting the inactive plasma prothrombin into thrombin. The FXa inhibitors prevent the activation of prothrombin, by an inhibitory effect on the free prothrombinasis and that connected with FXa. They act in a precocious stage of the coagulation cascade, before thrombin(2,12).

The FXa inhibitors in parenteral administration, partially the heparins with low molecular weight and fundaparinux, are widely used in the prevention and treatment of the venous thromboembolism and in the acute coronary syndromes. They are not used in chronic treatments except in very special situations and do not have indications in the long term prevention of the cerebrovascular accident in AF. Among the oral inhibitors of FXa recently used in clinical studies of phase II and III are rivaroxaban and apixaban(13).

In the phase study III ROCKET-AF, Rivaroxaban, a potent and selective inhibitor of FXa, proved to be an alternative to warfarin in patients with AF and moderate or high embolic risk (results communicated at the American Congress AHA November 2010)(8). It is a therapeutic agent with oral administration, 20 mg/day once-daily. It has a bioavailability of over 80% and a rapid and predictable onset of action. The peak of the plasmatic level is achieved in 3-4 hours, and the half-life time is of 7-11 hours. The main elimination pathway is renal. The body weight and the sex do not have a significant influence on the pharmacodynamic and pharmacokinetic parameters, suggesting that the medication can be administered in fixed doses, in any kind of patient. Co-administration of rivaroxaban increases minimally its plasmatic concentration. In the experimental studies, it was also proved to have minimum interactions with medications. It is metabolized in the liver (2/3) and excreted at renal level (1/3)(2,3).

Many clinical studies with rivaroxaban led to the use of rivaroxaban in the prevention and treatment of the venous thromboembolism, in conditions of efficiency and safety(14). The results of the clinical study of phase 3 (ROCKET-AF) with rivaroxaban in AF for the prevention of the cerebrovascular accident and of the embolic events have recently been communicated. ROCKET-AF randomized 14264 patients with non-valvular AF, for treatment with rivaroxaban 20 mg/day (n=7131) or warfarin (adjusted dose for INR between 2 and 3 (n=7133). The medium duration of the treatment was of 19 months. The average age of the entire group was of 73 years. Half of the patients had previously had a cerebrovascular accident or Transient Ischemic Attacks (TIA) (8).

In the primary analysis, the patients having received rivaroxaban had less cerebrovascular accidents or systemic embolic events, in comparison with patients having received warfarin. 1,71 events per 100 patients/year were reported for rivaroxaban, compared with 2,16 for warfarin, proving the non-inferiority (p<0,001). The hemorrhagic cerebrovascular accident was less frequent with rivaroxaban (0,26 per 100 patients/year) versus warfarin (0,44 per 100 patients/year. The rate of major bleedings (3,60 vs 3,35) was similar for the 2 groups of treatment, as well as of the clinically relevant major and non-major bleedings. The interruption of the medication for adverse events was similar between the two groups (approximately 25%). The reporters of the ROCKET-AF study underlined a few advantages of rivaroxaban in comparison with dabigatran in AF, among which the administration in a daily unique dose, condition which could increase the adhesion to treatment, as well as long antithrombotic efficiency (24 hours). Although so far the complete results of the ROCKET-AF study have not yet been published, it is anticipated that rivaroxaban represents another alternative to the treatment with warfarin in AF.

Apixaban, another oral inhibitor of FXa, is a small molecule selectively and reversibly inhibiting the free FXa and related to prothrombinase. After oral administration, the plasmatic peak is reached in approximately 3 hours, and the half-life time is of approximately 12 hours. Like rivaroxaban, apixaban is predominantly metabolized in the liver. Food does not interfere with its absorption, element which underlines the predictable anticoagulant effect. The interaction with other types of medication is minimum(2,3,12).

Many clinical studies, concluded or pending, investigate the efficiency and safety of apixaban in: 

1) The prevention and treatment of the venous thromboembolism (ADVANCE 1,2, and 3, ADOPT, AMPLIFY, AMPLIFY-extension); 

2) The acute coronary syndromes (APPRAISE2, concluded prematurely due to the hemorrhagic risk of associating apixaban with the double plaquetary anti-aggregation); 

3) AF (ARISTOTLE and AVERROES). For the current article, the studies from AF are important, with apixaban 5 mg x 2 times / day.

The AVERROES study (Apixaban versus Acetylsalicylic Acid to Prevent Stroke) compares apixaban (n=2809) with aspirin (n=2791) in patients eligible for AVK. The study was ended prematurely due to the net superiority of apixaban. The results were communicated preliminarily at the ESC Congress 2010(6). The cerebrovascular accident or the systemic embolism decreased at the batch with apixaban (1,6 per 100 patients/year) versus aspirin (3,6 per 100 patients/year) with 56%. The total of deaths was also lower in the batch with apixaban (RR 0,79), while the major bleedings were only less increased with apixaban (RR 1,14).

The ARISTOTLE study (Apixaban for the prevention of stroke in subjects with atrial fibrillation) compares apixaban with warfarin in patients with non-valvular AF and with at least one additional risk factor(15). 

Perspectives of the new anticoagulants in AF 
So far, only two anticoagulants with oral administration, dabigatran etexilate (Pradaxa) and rivaroxaban (Xarelto) proved their efficiency and safety in the prevention of the cerebrovascular accident and of the systemic embolism, in patients with non-valvular AF. They both perform a quick (in hours) effective anticoagulation at fixed doses and have a predictable action. Thus, the laboratory monitoring is not necessary, as in the case of the treatment with AVK. All these conditions allow a better adhesion of the patients to the anticoagulant treatment. The results of the concluded phase III clinical studies (RE-LY and ROCKET-AF) require however confirmation, through results obtained in the “real life”.

At this start of therapy with oral anticoagulants, antithrombinic actions and FXa inhibitors, pertinent answers would have to be found to several questions which are essential for any anticoagulant with long term administration:

· Which are the groups of patients with AF, for which AVK can be replaced, in similar or superior efficiency and safety conditions?

· Patients with moderate and/or high risk?

· Patients who cannot make the laboratory control for AVK?

· Patients with large variations of INR, in the conditions of the AVK doses considered efficient (INR 2,0-3,0)?

· Old patients with AF?

· Patients with embolic or recurrent strokes during the treatment with AVK, at optimum values of INR?

· Patients having AF and mechanic cardiac valves?

· The clinical control of the treated patients is sufficient or is the biologic confirmation of the anticoagulation also necessary by a reliable and easy to perform laboratory test?

· Is patient cardioversy possible under the new oral anticoagulants?

· Is the association between the new anticoagulants and the anti-plaquetary medication possible (aspirin, clopidogrel, prasugrel, ticagrelor) in the situation in which the association is necessary (acute coronary syndromes, stented patients etc)?

· What are the therapeutic means in the case of major bleedings (vital) in the new anticoagulants, knowing that the anticoagulant effect is majorly reduced at 24 hours from the last administration?

· What is the protocol in case an elective/emergency surgery intervention is necessary?

It is very likely that the answers to these questions and others appear clear in the near future, and the new anticoagulants represent an excellent alternative to AVK, in the prevention of the cerebrovascular accident and of the systemic embolisms, in a wide range of patients with AF. 
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