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EXPECTED PLASMA CONCENTRATION

Douxfils J, Ageno W, Samama CM, et al. Laboratory testing in patients treated with direct oral anticoagulants: a practical guide for 
clinicians. Journal of thrombosis and haemostasis : JTH 2018; 16(2): 209-19.



INFLUENCE OF DOACS ON COAGULATION

TESTING

Since the era of the DOACs, a lot of publication reported the 
influence of DOAC in several coagulation testing
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INFLUENCE OF DOACS ON COAGULATION

TESTING

But the recommendations are not so easy to draw since the 
interference depends on:

1. The anticoagulant agent

2. The plasma level of the anticoagulant

3. The sensitivity of the test

5Douxfils J, Ageno W, Samama CM, et al. Laboratory testing in patients treated with direct oral anticoagulants: a practical guide for clinicians. 
Journal of thrombosis and haemostasis : JTH 2018; 16(2): 209-19.



INFLUENCE OF DOAC ON COAGULATION

TESTING

First reports mentioned the impact of rivaroxaban and dabigatran on 
routine coagulation testing such PT and aPTT
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Hillarp A, Baghaei F, Fagerberg Blixter I, et al. Effects of the oral, direct factor Xa inhibitor rivaroxaban on commonly used coagulation assays. 
Journal of thrombosis and haemostasis : JTH 2011; 9(1): 133-9. 
Douxfils J, Mullier F, Robert S, et al. Impact of dabigatran on a large panel of routine or specific coagulation assays. Laboratory recommendations 
for monitoring of dabigatran etexilate. Thromb Haemost 2012; 107(5): 985-97.



INFLUENCE OF DOAC ON COAGULATION

TESTING

Similar results were also obtained with the other DOACs, namely, 
apixaban, edoxaban and betrixaban
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Hillarp A, Gustafsson KM, Faxalv L, et al. Effects of the oral, direct factor Xa inhibitor apixaban on routine coagulation assays and anti-FXa assays. 
Journal of thrombosis and haemostasis : JTH 2014; 12(9): 1545-53. 
Douxfils J, Chatelain B, Chatelain C, et al. Edoxaban: Impact on routine and specific coagulation assays. A practical laboratory guide. Thromb
Haemost 2016; 115(2): 368-81.
Siriez R, Evrard J, Dogne JM, et al. Betrixaban: Impact on Routine and Specific Coagulation Assays-A Practical Laboratory Guide. Thromb Haemost
2018; 118(7): 1203-14.



INFLUENCE OF DOAC ON COAGULATION

TESTING

However, beside these screening tests, more specialized assays that are 
based on the same principle, i.e. clotting detection, may be impacted… 

8Tsutsumi Y, Shimono J, Ohhigashi H, et al. Analysis of the influence of dabigatran on coagulation factors and inhibitors. International journal of 
laboratory hematology 2015; 37(2): 225-30.



INFLUENCE OF DOAC ON COAGULATION

TESTING

Which may lead to misinterpretation of the drug effect by the physician

“… dabigatran affects several coagulation factors and the emergence of the VIII 
factor inhibitor mediates APTT prolongation. These results suggest that secondary 
factor VIII deficiency occurred after the dabigatran administration, especially in 
prolonged APTT patients. Therefore, FEIBA or recombinant factor VIIa may be 
useful as bypassing drugs for factor VIII deficiency during life-threatening bleeding 
events associated with prolonged APTT caused by dabigatran administration.”

Thus, this is the role of the laboratory to guide the physicians in the 
interpretation of these observation since these results are spurious

DOACs may lead to misdiagnosis and improper clinical  decisions and we 
need to know and document the magnitude of these interferences
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Tsutsumi Y, Shimono J, Ohhigashi H, et al. Analysis of the influence of dabigatran on coagulation factors and inhibitors. International journal of 
laboratory hematology 2015; 37(2): 225-30.
Comment in: Gosselin RC, Adcock DM. Comment: Analysis of the influence of dabigatran on coagulation factors and inhibitors. International 
journal of laboratory hematology 2016; 38(1): e4. 
Douxfils J, Ageno W, Samama CM, et al. Laboratory testing in patients treated with direct oral anticoagulants: a practical guide for clinicians. 
Journal of thrombosis and haemostasis : JTH 2018; 16(2): 209-19. 



LUPUS ANTICOAGULANT DETERMINATION

Antiphospholipids antibodies are heterogeneous and no single test is 
sensitive to all LA, so a combination of two PL-dependent clotting assays 
is required – the dRVVT and the aPTTL
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Flieder T, Weiser M, Eller T, et al. Interference of DOACs in different DRVVT assays for diagnosis of lupus anticoagulants. Thrombosis research 
2018; 165: 101-6.
Devreese KMJ, Ortel TL, Pengo V, et al. Laboratory criteria for antiphospholipid syndrome: communication from the SSC of the ISTH. Journal of 
thrombosis and haemostasis : JTH 2018; 16(4): 809-13. 
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LUPUS ANTICOAGULANT DETERMINATION

Antiphospholipids antibodies are heterogeneous and no single test is 
sensitive to all LA, so a combination of two PL-dependent clotting assays 
is required – the dRVVT and the aPTTL

• Dependence of the drug (apixaban < dabigatran < rivaroxaban) 
confirmed by other studies in-vivo and ex-vivo

• Dependence of the reagents  
difference of sensitivity between the screen and the confirm but also between 
manufacturers

• Depending on plasma levels 
LA testing are more influenced at peak than trough
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Flieder T, Weiser M, Eller T, et al. Interference of DOACs in different DRVVT assays for diagnosis of lupus anticoagulants. Thrombosis research 
2018; 165: 101-6.
Hillarp A, Gustafsson KM, Faxalv L, et al. Effects of the oral, direct factor Xa inhibitor apixaban on routine coagulation assays and anti-FXa assays. 
Journal of thrombosis and haemostasis : JTH 2014; 12(9): 1545-53. 
Antovic A, Norberg EM, Berndtsson M, et al. Effects of direct oral anticoagulants on lupus anticoagulant assays in a real-life setting. Thromb
Haemost 2017; 117(9): 1700-4. 
Ratzinger F, Lang M, Belik S, et al. Lupus-anticoagulant testing at NOAC trough levels. Thromb Haemost 2016; 116(2): 235-40. 



ACTIVATED PROTEIN C RESISTANCE

In clinical laboratories, the first approach to detect the presence of FVL is 
usually a functional assay for APCr

• Original APCr assay are based on aPTT in presence or absence of APC 
but they are not accurate and influenced by acute phase reaction, pregnancy and 
HRS/COC

• 2nd generation of assay included mixture with FV-deficient human 
plasma but can be influenced by DTI and DFXaI

• Other tests have been developed using RVV (Daboia russelli) or noscarin
(Notechis scutatus)

13Gessoni G, Valverde S, Valle L, et al. Effect of dabigatran on a prothrombinase-based assay for detecting activated protein C resistance: an ex 
vivo and in vitro study in normal subjects and factor V Leiden carriers. Blood Transfus 2017; 15(6): 562-7. 



ACTIVATED PROTEIN C RESISTANCE

14Kadauke S, Khor B, Van Cott EM. Activated protein C resistance testing for factor V Leiden. American journal of hematology 2014; 89(12): 
1147-50. 



ACTIVATED PROTEIN C RESISTANCE

Dabigatran interferes in all APCr assays due to its inhibitory action on 
thrombin 

15Kadauke S, Khor B, Van Cott EM. Activated protein C resistance testing for factor V Leiden. American journal of hematology 2014; 89(12): 
1147-50. 



ACTIVATED PROTEIN C RESISTANCE

And this effect in already obtained at very low concentrations of 
dabigatran

16Gessoni G, Valverde S, Valle L, et al. Effect of dabigatran on a prothrombinase-based assay for detecting activated protein C resistance: an ex 
vivo and in vitro study in normal subjects and factor V Leiden carriers. Blood Transfus 2017; 15(6): 562-7. 



ACTIVATED PROTEIN C RESISTANCE

On the other hand, rivaroxaban do not interfere with APCr assays that 
shortcut X(a) such as noscarin-based assays  

17Gessoni G, Valverde S, Valle L, et al. Effect of dabigatran on a prothrombinase-based assay for detecting activated protein C resistance: an ex 
vivo and in vitro study in normal subjects and factor V Leiden carriers. Blood Transfus 2017; 15(6): 562-7. 



ACTIVATED PROTEIN C RESISTANCE

On the other hand, rivaroxaban, (apixaban), edoxaban* and betrixaban 
do not seem to interfere with APCr assays that shortcut X(a) such as 
noscarin-based assays

*For edoxaban conflicting results have 
been reported – the FDA Pharmacology 
review mentions an anti-thrombin 
activity of edoxaban… 
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Gessoni G, Valverde S, Valle L, et al. Effect of dabigatran on a prothrombinase-based assay for detecting activated protein C resistance: an ex 
vivo and in vitro study in normal subjects and factor V Leiden carriers. Blood Transfus 2017; 15(6): 562-7.
Hillarp A, Strandberg K, Baghaei F, et al. Effects of the oral, direct factor Xa inhibitor edoxaban on routine coagulation assays, lupus 
anticoagulant and anti-Xa assays. Scandinavian journal of clinical and laboratory investigation 2018: 1-9.  
Douxfils J, Chatelain B, Chatelain C, et al. Edoxaban: Impact on routine and specific coagulation assays. A practical laboratory guide. Thromb
Haemost 2016; 115(2): 368-81. 



ACTIVATED PROTEIN C RESISTANCE

However, rivaroxaban and betrixaban 
(and probably edoxaban) interferes 
with the aPTT-based APCr assay… 

…While aPTT-based methods seem to 
be less sensitive to the presence of 
apixaban 

drug levels above 400 ng/mL
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Hillarp A, Baghaei F, Fagerberg Blixter I, et al. Effects of the oral, direct factor Xa inhibitor rivaroxaban on commonly used coagulation assays. 
Journal of thrombosis and haemostasis : JTH 2011; 9(1): 133-9.
Douxfils J, Chatelain C, Chatelain B, et al. Impact of apixaban on routine and specific coagulation assays: a practical laboratory guide. Thromb
Haemost 2013; 110(2): 283-94. 
Siriez R, Evrard J, Dogne JM, et al. Betrixaban: Impact on Routine and Specific Coagulation Assays-A Practical Laboratory Guide. Thromb
Haemost 2018; 118(7): 1203-14. 



ANTITHROMBIN ,FIBRINOGEN, PROTEIN C 
AND S

20Bonar R, Favaloro EJ, Mohammed S, et al. The effect of dabigatran on haemostasis tests: a comprehensive assessment using in vitro and ex 
vivo samples. Pathology 2015; 47(4): 355-64. 

• Clot based assays for protein S and thrombin based antithrombin assays are influenced 
by the presence of dabigatran at therapeutic levels

• Chromogenic protein C assays are not influenced while clot-based are influenced



ANTITHROMBIN ,FIBRINOGEN, PROTEIN C 
AND S

21Lindahl TL, Baghaei F, Blixter IF, et al. Effects of the oral, direct thrombin inhibitor dabigatran on five common coagulation assays. Thromb
Haemost 2011; 105(2): 371-8. 

• Fibrinogen measurement using reagents that contain low levels of thrombin to trigger 
the clot process are also influenced at higher dabigatran concentrations



ANTITHROMBIN ,FIBRINOGEN, PROTEIN C 
AND S
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Bonar R, Favaloro EJ, Mohammed S, et al. The effect of the direct factor Xa inhibitors apixaban and rivaroxaban on haemostasis tests: a 
comprehensive assessment using in vitro and ex vivo samples. Pathology 2016; 48(1): 60-71. 
Douxfils J, Chatelain C, Chatelain B, et al. Impact of apixaban on routine and specific coagulation assays: a practical laboratory guide. Thromb
Haemost 2013; 110(2): 283-94. 
Douxfils J, Chatelain B, Chatelain C, et al. Edoxaban: Impact on routine and specific coagulation assays. A practical laboratory guide. Thromb
Haemost 2016; 115(2): 368-81.

• Clot based assays for protein 
S and FXa-based antithrombin 
assays are influenced by the 
presence of rivaroxaban and 
edoxaban at 
(supra)therapeutic levels 

• Functional protein S is not 
influenced by apixaban 
(except at higher levels)



ANTITHROMBIN ,FIBRINOGEN, PROTEIN C 
AND S
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Bonar R, Favaloro EJ, Mohammed S, et al. The effect of the direct factor Xa inhibitors apixaban and rivaroxaban on haemostasis tests: a 
comprehensive assessment using in vitro and ex vivo samples. Pathology 2016; 48(1): 60-71. 
Douxfils J, Chatelain C, Chatelain B, et al. Impact of apixaban on routine and specific coagulation assays: a practical laboratory guide. Thromb
Haemost 2013; 110(2): 283-94. 
Douxfils J, Chatelain B, Chatelain C, et al. Edoxaban: Impact on routine and specific coagulation assays. A practical laboratory guide. Thromb
Haemost 2016; 115(2): 368-81.

• Fibrinogen measurement 
using the Clauss method is 
not influenced by the 
presence of apixaban, 
edoxaban or rivaroxaban 

• The PT-derived measurement 
of fibrinogen may be 
influenced and should be 
avoided



CLOTTING FACTORS
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Bonar R, Favaloro EJ, Mohammed S, et al. The effect of dabigatran on haemostasis tests: a comprehensive assessment using in vitro and ex 
vivo samples. Pathology 2015; 47(4): 355-64. 
Bonar R, Favaloro EJ, Mohammed S, et al. The effect of the direct factor Xa inhibitors apixaban and rivaroxaban on haemostasis tests: a 
comprehensive assessment using in vitro and ex vivo samples. Pathology 2016; 48(1): 60-71. 
Douxfils J, Chatelain C, Chatelain B, et al. Impact of apixaban on routine and specific coagulation assays: a practical laboratory guide. Thromb
Haemost 2013; 110(2): 283-94. 
Douxfils J, Chatelain B, Chatelain C, et al. Edoxaban: Impact on routine and specific coagulation assays. A practical laboratory guide. Thromb
Haemost 2016; 115(2): 368-81.

• Measurement of clotting factors in influenced according to the 
sensitivity of the triggering reagents (PT or aPTT) and the sensitivity of 
this reagents to the drugs

• For FVIII and FIX, dabigatran shows more interference than DFXaI



CLOTTING FACTORS
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Bonar R, Favaloro EJ, Mohammed S, et al. The effect of the direct factor Xa inhibitors apixaban and rivaroxaban on haemostasis tests: a 
comprehensive assessment using in vitro and ex vivo samples. Pathology 2016; 48(1): 60-71. 
Douxfils J, Chatelain C, Chatelain B, et al. Impact of apixaban on routine and specific coagulation assays: a practical laboratory guide. Thromb
Haemost 2013; 110(2): 283-94. 
Douxfils J, Chatelain B, Chatelain C, et al. Edoxaban: Impact on routine and specific coagulation assays. A practical laboratory guide. Thromb
Haemost 2016; 115(2): 368-81.

• Among DFXaI, apixaban showed less interference than rivaroxaban

• Edoxaban and betrixaban should be somewhere in between



HOW TO AVOID THE INTERFERENCE? 
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Ratzinger F, Lang M, Belik S, et al. Lupus-anticoagulant testing at NOAC trough levels. Thromb Haemost 2016; 116(2): 235-40.
Jacquemin M, Toelen J, Schoeters J, et al. The addition of idarucizumab to plasma samples containing dabigatran allows the use of routine 
coagulation assays for the diagnosis of hemostasis disorders. Journal of thrombosis and haemostasis : JTH 2015; 13(11): 2087-92. 
Douxfils J, Ageno W, Samama CM, et al. Laboratory testing in patients treated with direct oral anticoagulants: a practical guide for clinicians. 
Journal of thrombosis and haemostasis : JTH 2018; 16(2): 209-19. 

• Some groups reported to test at trough…

• But interference are still possible since levels at trough may still interfere with the 
tests

• Some other recommend to skip/miss a dose of the anticoagulant

• It is safe? What about the risk of thrombosis if the patient is not protected?

• Even with one missed, residual levels may still be interfering in some patients (i.e. 
those with low renal function, drug interaction reducing the metabolism…)

• The use of the reversal agent, idarucizumab, has even been proposed

• Maybe in your lab but not in mine… 

• Other options have to be find!



HOW TO AVOID THE INTERFERENCE? 
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Exner T, Michalopoulos N, Pearce J, et al. Simple method for removing DOACs from plasma samples. Thrombosis research 2018; 163: 117-22.
Jacquemin M, Toelen J, Feyen L, et al. The adsorption of dabigatran is as efficient as addition of idarucizumab to neutralize the drug in routine 
coagulation assays. International journal of laboratory hematology 2018; 40(4): 442-7.
Favresse J, Lardinois B, Sabor L, et al. Evaluation of the DOAC-Stop® Procedure to Overcome the Effect of DOACs on Several Thrombophilia 
Screening Tests. TH Open 2018; 02(02): e202-e9.



HOW TO AVOID THE INTERFERENCE? 
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• How does it work?

Favresse J, Lardinois B, Sabor L, et al. Evaluation of the DOAC-Stop® Procedure to Overcome the Effect of DOACs on Several Thrombophilia 
Screening Tests. TH Open 2018; 02(02): e202-e9.



HOW TO AVOID THE INTERFERENCE? 
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• Is it effective? 

Favresse J, Lardinois B, Sabor L, et al. Evaluation of the DOAC-Stop® Procedure to Overcome the Effect of DOACs on Several Thrombophilia 
Screening Tests. TH Open 2018; 02(02): e202-e9.

Pefakit APC-R factor V Leiden 
(noscarin and FV-deficient plasma)



HOW TO AVOID THE INTERFERENCE? 
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• Is it free of interference? 

Kopatz WF, Brinkman HJM, Meijers JCM. Use of DOAC Stop for elimination of anticoagulants in the thrombin generation assay. Thrombosis 
research 2018; 170: 97-101. 



CONCLUSIONS
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• DOACs interfere with a lot of coagulation assay due to their mode of 
action

• The interference depends on the therapeutic agent, the plasma levels 
and the reagents/methodologies

• Solutions are now available with activated charcoal but seems to 
activated the coagulation (activation of contact pathway? Residual platelets? 
Adsorption of citrate?)

Due to the high inter-reagent/methodology variation regarding the 
sensitivity, all the manufacturers should update their package leaflet to 

inform about the interference of all anticoagulant agents on their 
methodology
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