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• 6 janvier 2015 Communiqué de Presse 
• Les « NACO », anticoagulants d’action directe, n’ont pas tous 

démontré la même efficacité 
• La Commission de la Transparence de la HAS a réévalué les trois 

anticoagulants oraux d’action directe (NACO), en particulier dans la 
prévention des accidents vasculaires cérébraux et embolies 
systémiques chez les malades ayant une fibrillation atriale non 
valvulaire. Sur la base des données disponibles, elle a hiérarchisé ces 
médicaments. La nécessité ou pas de suivre l’anticoagulation 
ainsi que l’absence d’antidote sur le marché l’ont poussé à 
positionner ces médicaments en 2ème intention après les 
antivitaminesK, qui restent le traitement de référence. 

 
  PRADAXA : remboursé à 30 % ! 



Ce que nous savons  

 
• Héparine non fractionnée : 

▫  neutralisation complète par le sulfate de protamine 
• HBPM :  

▫ neutralisation incomplètes par le sulfate de protamine 
• Fondaparinux : 

▫  pas d’antidote 
• AVK :  

▫ antidote mais 5000 morts / an ? 
• Aspirine : 

▫ pas d’antidote 
• Clopidogrel, Ticagrelor et Prasugrel : 

▫  pas d’antidote 
 



Le risque hémorragique    







• Meta-analysis comparing the safety and efficacy of the 
four newer oral agents to warfarin in patients with atrial 
fibrillation. They were found to be equally effective in the 
prevention of stroke. More importantly the incidence of 
intracranial hemorrhage was reduced by almost 50 % 
and there was a significant reduction in all cause 
mortality. However, an increase in gastrointestinal 
bleeding was observed 

[Ruff CT. Lancet. 2014;383(9921):955–62.].  

http://www.ncbi.nlm.nih.gov/pubmed/20801496










In conclusion, the new oral anticoagulants are more efficacious than warfarin 
for the prevention of stroke and systemic embolism in patients with AF. 
With a decreased risk for intracranial bleeding, they appear to have a 
favorable safety profile, making them promising alternatives to warfarin. 













Risk of Bleeding With Dabigatran in AtrialFibrillation FREE 

Inmaculada Hernandez et al.  JAMA Intern Med. 2015;175(1):18-24. 
• Dabigatran was associated with a higher risk of bleeding relative to 

warfarin, with hazard ratios of 1.30 (95% CI, 1.20-1.41) for any 
bleeding event, 1.58 (95% CI, 1.36-1.83) for major bleeding, and 1.85 
(95% CI, 1.64-2.07) for gastrointestinal bleeding. 

 

Beyer-Westendorf J. Blood. 2014;124(6):955–62  

• A recent analytical study was conducted in Germany using data 
from a prospective, noninterventional oral anticoagulation registry. 
43 % of the 1776 patients on rivaroxaban reported bleeding and of 
those 6.1 % were classified as major bleeding.  

 



Suivi du traitement  



• Comme pour tout traitement anticoagulant, une 
surveillance clinique appropriée est recommandée 
pendant toute la durée du traitement, à la recherche 
d’éventuels signes de saignement extériorisé ou de signes 
pouvant évoquer un saignement non extériorisé 
(asthénie, dyspnée, polypnée, pâleur, hypotension, 
tachycardie, céphalée ne cédant pas au traitement, 
malaise, chute brutale du taux d’hémoglobine, etc.).  



Evaluation de la fonction rénale  





Evaluation de la fonction hépatique  





Surveillance biologique de l’activité 

anticoagulante dans les situations particulières 

• L’utilisation du dabigatran, du rivaroxaban et de 
l’apixaban ne requiert pas de suivi de l’activité 
anticoagulante en routine.  

 



• Cependant, dans certaines situations telles que 
les situations de surdosage, d’hémorragies, 
d’interventions urgentes ou d’inobservance, la 
mesure de l’anticoagulation liée à ces molécules 
peut être utile.  

 

Surveillance biologique de l’activité 

anticoagulante dans les situations particulières 



• Il n’existe pas à ce jour de recommandations 
précises validées concernant la surveillance 
biologique des AOD, la prise en charge des 
saignements graves, des interventions urgentes 
ou programmées chez les patients recevant un 
AOD. 

 

Surveillance biologique de l’activité 

anticoagulante dans les situations particulières 



Quels tests ? 



• Dans les situations d’urgence (saignement grave, acte invasif devant 
être réalisé en urgence), une première mesure devra être effectuée 
rapidement et devra être « datée » en fonction de l’heure de la 
dernière prise de l’AOD et/ou de la prise suivante prévue, 
afin de déterminer où se situe la mesure dans l’intervalle de doses 
(comparaison approximative aux valeurs maximales de référence 
et/ou aux valeurs résiduelles de référence).  

 

• Dans la mesure du possible, une deuxième mesure devra être 
réalisée à la fin de l’intervalle de doses (Tmin), afin de permettre une 
comparaison plus précise aux valeurs résiduelles de référence. 



Comment interpréter les tests ?  

• Pour une bonne interprétation des tests, on doit 
connaître :  

▫ l’heure de la mesure par rapport à la prise de 
l’AOD,  

▫ l’indication et la dose d’AOD absorbée par le 
patient,  

▫ les caractéristiques du patient (âge, poids, 
fonction rénale, etc.). 



Novel Oral Anticoagulants 

Efficacy, Laboratory Measurement, and Approaches to Emergent 

Reversal 

Eric Gehrie, MD.Arch Pathol Lab Med—Vol 139, May 2015 



Dabigatran 

• A recent study comparing different tests for monitoring dabigatran 
levels in patients with AF found a strong correlation between the 
total and free dabigatran plasma levels measured by liquid 
chromatography-tandem mass-spectrometry (LC-MS/MS) 
and indirect measurements by Hemoclot Thrombin Inhibitor (HTI) 
and ecarin clotting time (ECT) assays.  

• This correlation suggests that HTI and ECT assays are 
highly sensitive for the assessment of dabigatran activity when 
compared to standard coagulation tests (aPTT, PT). 

[M. Skeppholm. Thrombosis Research, vol. 134, no. 4, pp. 783–789, 2014] 



• Measured the dabigatran concentrations by the Hemoclot assay and 
correlated the results with aPTT and thrombin time (TT) 

▫  TT was very sensitive to the presence of the drug and that aPTT 
is useful as a qualitative test (to determine whether 
dabigatran is having an anticoagulant effect in the 
patient), 

▫  but both TT and aPTT had only moderate correlation with the 
drug levels.  

• This could be useful in preparing patients for surgery in settings 
where HTI or ECT assays are not available.  

• The study recommended measuring aPTT and TT before elective 
surgery in patients taking dabigatran. 

[G. Hapgood; Thrombosis and Haemostasis, vol. 110, no. 2, pp. 308–315, 2013.] 

Dabigatran 



Dabigatran  

• aPTT may not be used to assess dabigatran therapy if the 
patient has a lupus anticoagulant or an intrinsic clotting 
factor deficiency, as the aPTT prolongation from these 
conditions will mask the effect of dabigatran on the 
aPTT. 

 



• Quantitative assessment of dabigatran levels 
can be obtained with the dilute thrombin time (dTT), the 
ecarin clotting time [TEMPS Escarine], or the ecarin 
chromogenic assay. 

 

• These assays are not generally available. 

• No FDA approval.  

Dabigatran 



Rivaroxaban and Apixaban 

• Rivaroxaban and apixaban have been shown to affect routine 
coagulation tests, including the aPTT, activated clotting time, PT, 
and chromogenic anti– factor Xa assay. 

 

• The PT provides a relatively more sensitive assessment of 
rivaroxaban and apixaban than the aPTT or the activated clotting 
time. 

 

• No therapeutic ranges exist, complicating the interpretation of the 
results of these tests. 

 



Rivaroxaban and Apixaban 

• Qualitative assessment of direct oral factor Xa 
inhibitors : suggest using either the PT or the 
chromogenic anti–factor Xa assay. 

• At present, no assays or calibration reagents are FDA 
approved for the measurement of the direct oral factor 
Xa inhibitors.  



Apixaban 

• Similar to other factor Xa inhibitors, chromogenic 
antifactor Xa assays can be used to measure the plasma 
concentrations of edoxaban when drug-specific 
calibrators are available. 



Effect of direct oral anticoagulants on routine haemostasis assays and thrombophilia 
screening. 
Assay Rivaroxaban, apixaban, 

edoxaban 
Dabigatran 

aPTT ↑ ↑ 

Prothrombin time ↓ ↓ 

Fibrinogen ↔ ↓ 

Thrombin time ↔ ↓ 

Anti-Xa activity ↑ ↔ 

Anti-IIa activity ↔ ↑ 

Genetic analysis Possible 

Antithrombin, proteins C and S 
(activity) 

Not possible (false negative) 

Lupus anticoagulant Not possible (false positive) 

Anticardiolipin and anti-B2GP1 
antibodies 

Possible 

aPPT = activated partial thromboplastin time; B2GP1 = β2 glcoprotein-1 















En cas d’hémorragie / chirurgie  



Adaptation posologie 

-  âge  

- Fonctions rénale et hépatique 

- Pathologie 

Respecter les contre indications 
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General management of bleeding in patients on NOACs 

• In the absence of US FDA-approved NOAC antidotes and 
prospective data to guide bleed management in the setting of NOAC 
use, several hemostatic therapies have been described. There is little 
data on the efficacy of these in NOAC-associated bleeding. 
Strategies can be categorized as follows: 

• Alter pharmacokinetics: reduce the absorption or remove from 
circulation 

• Antifibrinolytic agents – tranexamic acid and ε-aminocaproic acid 

• Therapy with plasma factors: prothrombin complex concentrates 
(PCCs), fresh frozen plasma, and cryoprecipitate 

• Specific antidotes: ciraparantag (PER977), andexanet alfa, and 
idarucizumab 



Antifibrinolytic agents 

• In the case of major bleeding, antifibrinolytic agents 
such as tranexamic and ε-aminocaproic acid may be 
used.  

• Although the efficacy of these agents in case of NOAC-
associated bleeding is unknown, these are inexpensive 
agents with a favorable safety profile. 



Altering pharmacokinetics of NOACs 

• For major bleeding associated with apixaban and dabigatran, 
administration of activated charcoal may reduce continued 
absorption of the anticoagulant.  

• Limited data shows that charcoal administered up to 6 hours after 
apixaban reduces its plasma concentration, with best effects when 
administered within 2 hours from ingestion. 

•  Similarly, activated charcoal may be useful in decreasing 
dabigatran levels when given within 2–3 hours of ingestion.  

• Limited ex vivo data but no human data are available for 
dabigatran. 

•  Although there are no specific studies available for 
rivaroxaban or edoxaban, activated charcoal may be efficacious 
for these agents too. 



Altering pharmacokinetics of NOACs 

• Hemodialysis is a possible treatment for dabigatran-associated 
bleeding, given dabigatran’s low protein-bound state and lipophilic 
profile. 

•  Rivaroxaban and apixaban are more highly protein-bound and 
thus are unlikely to be successfully dialyzed.  

• It is unclear if edoxaban may be removed by dialysis.  

• Small case series and case reports have described.  

• Dialysis is challenging in cases with major bleeding and 
hemodynamic instability, and is most likely to be of the greatest 
utility in instances of dabigatran overdose or emergent need for 
surgery in otherwise hemodynamically stable patients. 

 

[Warkentin TE. Blood. 2012;119(9):2172–4.- Hankey GJ. Int J Hematol. 2015;101(6):594–7.]. 

 



POTENTIAL REVERSAL OF NOVEL ORAL ANTICOAGULANTS 

• A 4-factor prothrombin complex concentrate (PCC) was 
recently FDA approved for the reversal of warfarin in 
patients with acute major bleeding; 

3 



• At present, reversal of TSOAs is usually attempted by the 
administration of: 

▫  prothrombin complex concentrates (PCC). They contain Factor II, IX 
and X.  

▫ The four Factor PCC also contains Factor VII.  

• These agents are supposed to reverse the effect of the novel oral 
anticoagulants by saturating their action.  

• Also this method does not neutralize the risk of thromboembolism.  

 

[Honickel M. Thromb Haemost. 2015;113(4):728–40.]. 



•  A murine modes of dabigatran-associated bleeding : 

▫  rFVIIa and combinations of rFVIIa plus a 4-factor PCC 

(Factor II, IX , X + VII) improved the aPTT, but not 
blood loss volume. 

▫ Treatment with either the combination of rFVIIa plus 
a 4-factor PCC or treatment with factor eight inhibitor 
bypass activity (FEIBA, an activated PCC) improved 
the bleeding time but had an insignificant effect on 
blood loss. 

▫  4-factor PCC, but not rFVIIa, reduced expansion 
of intracranial hematomas. 

 

Dabigatran 





4-factor PCC reduced blood 
loss and improved bleeding 
time 



• There are several case reports of patients with life 
threatening bleeding associated with dabigatran therapy. 

 

•  Many of the reports seem to indicate that treatment with FFP, 
rFVIIa, PCCs, fibrinogen, and/or platelets were not helpful in 
achieving clinically relevant levels of hemostasis, with a few 
reports suggesting a benefit from rFVIIa, hemodialysis, or 
PCC therapy. 

 

•  There is one report of what appears to be a dramatic response to 
FEIBA. 
 

[Lindahl Tl et al. Thromb Res. 2015 Mar;135(3):544-7] 
 

 

Dabigatran 



 

 

 

 

• One study shows that three- and four-
factor PCCs are similarly effective for 
dabigatran reversal. Idarucizumab also reversed the effects of 

dabigatran and, unlike PCCs, was not associated with over-correction of thrombin 
generation. 

[Honickel M et al .Thromb Haemost. 2015 Apr;113(4):728-40] 

Dabigatran 



Recommendations to achieve ‘‘reversal’’ of dabigatran 

in bleeding patients.  

 

• Pretreatment laboratory tests (PT/ INR, PTT, TT, and a complete 
blood count)  

 

• In the event of an overdose within the past 2 hours => administration of 
activated charcoal.  

 

• If the patient has mild bleeding  => supportive care and careful observation.  

 



Recommendations to achieve ‘‘reversal’’ of dabigatran 

in bleeding patients. 

• If the patient has life-threatening bleeding : 

 

▫ hemodialysis if (1) the patient’s creatinine clearance is below 30 mL/min, (2) 
the patient has acute kidney injury, and (3) the last dose of dabigatran was more 
than 2 but less than 12 hours before presentation.  

 

▫ If criteria for hemodialysis are not met => 

  delaying/ discontinuing dabigatran, fluid support (including blood product 
support) as needed,  

 the consideration of offlabel use of 4-factor PCC (25 units/kg, dose not to 
exceed 2500 units).  

 

 We do not recommend redosing the 4-factor PCC, nor do we recommend 
providing rFVIIa or FEIBA within 24 hours of a dose of the 4-factor PCC owing 

to our concern for possible thromboembolic complications. 

 



Rivaroxaban and Apixaban 

• A rabbit model of rivaroxaban-induced bleeding : 
▫ a 4-factor PCC and recombinant factor VIIa (rFVIIa) improved 

coagulation laboratory studies but did not significantly reduce 
bleeding. 

•  A rat model of rivaroxaban-induced bleeding : 
▫  4-factor PCC, FEIBA, and rFVIIa improved laboratory 

assessments of coagulation and reduced bleeding. 

•  A baboon model of rivaroxaban- associated bleeding : 
▫ potential utility of FEIBA and rFVIIa in rivaroxaban reversal. 





Human clinical trials : 
• A randomized, placebo-controlled study of young, healthy 

volunteers treated with 20 mg of rivaroxaban, dosed twice 
daily.  
▫ A 4-factor PCC led to normalization of the PT and the 

endogenous thrombin potential. 
• In vitro study using human plasma obtained from healthy 

donors found that : 
▫ rFVIIa was superior to a 4-factor PCC at normalizing 

laboratory coagulation studies. 
 

[Marlu R et al. Thromb Haemost. 2012 Aug;108(2):217-24] 

 
 

Rivaroxaban and Apixaban 



recommendations to achieve reversal of rivaroxaban or 

apixaban in bleeding patients 

• Pretreatment laboratory tests (PT/INR, PTT, and a complete 
blood count)  

• In the event of an overdose within the past 2 hours, the 
• administration of activated charcoal.  
• If the patient has mild bleeding => supportive care and 

careful observation. 
•  If the patient has life-threatening bleeding => 

▫ delaying/discontinuing the drug in question,  
▫ fluid support (including blood product support) as needed,  
▫  off-label use of a one-time dose of the 4- factor PCC (25 

units/kg, dose not to exceed 2500 units). 
▫  As with dabigatran reversal, we do not recommend redosing 
the 4-factor PCC, nor do we recommend providing rFVIIa or 
FEIBA within 24 hours of a dose of the 4-factor PCC. 
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. 

 

Reversal of new, factor-specific oral anticoagulants by rFVIIa, prothrombin 

complex concentrate and activated prothrombin complex concentrate: a review of 

animal and human studies. 

 

Lee FM et al. Thromb Res. 2014 May;133(5):705-13 

• CONCLUSION: While preclinical studies may hint at a 
role for these haemostatic agents in reversing the 
anticoagulant effects of oral, factor-specific 
anticoagulants, existing trials offer inconclusive 
evidence to guide a clinical decision among individual 
agents with respect to potency and thrombosis risk.  



Les antidotes 



• Idarucizumab (aDabi-Fab, BI 655075, 

UNII- 97RWB5S1U6) is the first 

dabigatran specific antidote under study. 

It is a humanized monoclonal antibody 

fragment [Fab] that binds specifically to 

dabigatran (It has an affinity for 

dabigatran that is ~350 times greater than 

that of thrombin. 

Dabigatran and idarucizumab 



• In ex vivo studies in rats,  

• Steady state dabigatran levels of ~200 ng were 
completely reversed within 1 min of an 
intravenous bolus of idarucizumab. 

• Strong similarities were noted in the binding 
pattern of idarucizumab to dabigatran and 
thrombin to dabigatran.  

Dabigatran and idarucizumab 



• phase 1, first-in-human,  

• 110 healthy volunteers was conducted to assess the 
pharmacokinetics, safety and tolerability of idarucizumab .  

• Idarucizumab was found to attain peak plasma levels rapidly. 
However its concentration decreased to 5 % or less of the peak level 
within 4 h secondary to renal elimination.  

• It was found that it had to be dosed in 1:1 ratio with dabigatran 
for its complete efficacy. 

• Also of importance is the fact that it had no impact on the 
coagulation profile of subjects who received placebo. 

 
[Glund S. Thromb Haemost. 2015;113(5):943–51. Lancet. 2015 Aug 15;386(9994):680-90]. 

Dabigatran and idarucizumab 



• A phase 3 trial  

• In patients treated with dabigatran who have 
uncontrolled bleeding or require emergency surgeries or 
procedures (REVERSE AD trial) [Pollack CV. Curr Drug Saf. 

2015;10:PMID 25877809.- Am J Emerg Med. 2012;30(9):2046–54].  

• Showed that the anticoagulant effect of dabigatran was 
completely reversed within minutes by 
idarucizumab.  

Dabigatran and idarucizumab 



An interim analysis (90 patients) 

• The primary end point of this study was the maximum percentage 
reversal of the anticoagulant effect of dabigatran within 4 h after the 
administration of 5 g of IV idarucizumab.  

 

• This was determined by measuring the dilute thrombin time 
(elevated in 68 patients in the analysis) or ecarin clotting time 
(elevated in 81 patients) at a central laboratory.  

 

• The median maximum percentage reversal was 100 % (95 % 
confidence interval, 100–100) in these patients with elevated 
coagulation profile. 

 [Pollack CV. N Engl J Med. 2015;373:511–20]. 







 

 

 

 

• In conclusion, this study shows that three- and four-factor PCCs are similarly 

effective for dabigatran reversal. Idarucizumab also reversed 
the effects of dabigatran and, unlike PCCs, was 
not associated with over-correction of thrombin 
generation. 

[Honickel M et al .Thromb Haemost. 2015 Apr;113(4):728-40] 

Dabigatran and idarucizumab 



Idarucizumab was US FDA approved in 

October 2015. 



Safety and adverse events 

• In the interim analysis of the Phase III study, thrombotic 
events occurred in five patients. None of the patients 
were receiving anticoagulant therapy at the time of 
thrombotic event. In the absence of a placebo group, it is 
not possible to link these events to idarucizumab 
administration. The data from Phase I studies are 
reassuring with regard to the safety of idarucizumab. 
Postmarket surveillance will be vital to identify 
currently unknown adverse events. 



• Andexanet alfa (PRT064445, r-
Antidote; Portola Pharmaceuticals) is a 
39 kDa, recombinant modified decoy of 
Factor Xa produced in Chinese hamster 
ovary cells. The amino acid serine is 
replaced by alanine at position 419. 

 

• This recombinant protein retains the 
ability to bind direct FXa inhibitors as 
well as antithrombin activated by low 
molecular weight heparin or 
fondaparinux  

[Gomez-Outes A. Recent Pat Cardiovasc Drug Discov. 

2014;9(1):2–10.]. 

Factor Xa inhibitors and andexanet alfa 



• In a rabbit model,  

• andexanet alfa was found to reverse the action of direct 
Factor Xa inhibitors in a dose dependent manner.  

[Lu G. Nat Med. 2013;19(4):446–51.].  

 

 

Factor Xa inhibitors and andexanet alfa 



• The phase II studies  

• In healthy subjects : bolus dose of andexanet α antagonized the anti-
Xa activity of apixaban and rivaroxaban (5 mg twice daily, 11 doses) 
with a decrease in activity of Factor Xa by 53 and 20 % respectively. 

 

Crowther M KM. J Thromb Haemost. 2013;11(Suppl 2): AS20.1. 

Crowther M LG. J ThrombHaemost. 2014;12(Suppl 1): COA01 (abstract). 

Crowther M LG. Eur Heart J 2014;35(Suppl.1): P738 (abstract). 

Crowther MMV. Blood 2013;122(21):3636. 

Factor Xa inhibitors and andexanet alfa 



• Phase III trials are ongoing to evaluate the safety and 
efficacy of andexanet alfa in reversing apixaban- 
(ANNEXA-A study) and rivaroxaban-(ANNEXA-R 
study) induced anticoagulation in healthy volunteers. 

Factor Xa inhibitors and andexanet alfa 









Andexanet alfa is undergoing review 

for FDA approval. 



Target specific oral anticoagulants and PER977 

• PER977 (arapazine, ciraparantag; Perosphere Inc.) is a 
small, 512 Da, synthetic, water soluble molecule that 
binds to direct inhibitors of factor Xa and IIa as well as 
to heparin-based anticoagulants through non-covalent 
hydrogen bonding and charge interactions.  

• It is reported to antagonize the effects of all 
anticoagulants except VKAs and agratroban. 

[Gomez-Outes A. Recent Pat Cardiovasc Drug Discov. 2014;9(1):2–10.]. 



• In an animal model, rats were overdosed with 
rivaroxaban, apixaban, edoxaban and dabigatran. 
PER977 was noted to reduce bleeding within 30 min of 
administration. 

[Bakhru S. Ciuculation. 2013;128:A18809.]. 

Target specific oral anticoagulants and PER977 



• In the first human trial of PER977 (NCT01826266),  

• It was tested on 80 volunteers who were either untreated or 
pretreated with 60 mg of edoxaban. 

• the pharmacokinetics and pharmacodynamics were studied with 
escalating doses of PER977 (100–300 mg).  

• A dose of intravenous bolus of 300 mg PER977 was found to 
normalize whole blood clotting time within 10–30 min and the 
effect was sustained for over 24 h. 

[Ansell JE. N Engl J Med. 2014;371(22):2141–2.]. 

Target specific oral anticoagulants and PER977 

Ciraparantag 



Use of PER977 to Reverse the Anticoagulant Effect of 

Edoxaban 

 NEJM371;22 november 27, 2014 



 
 Vascular Health and Risk Management 2016:12 35–44 



Conclusion 

• Postmarket surveillance will be vital to 
identify currently unknown adverse 
events. 

• Ceci est valable aussi bien pour les 
nouveaux ACO et leur antidote. 

 


