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Background: Direct oral factor Xa (FXa) inhibitors interfere with lupus anticoagulant (LA) assays challenging antiphospholipid syndrome diagnosis in treated patients. We evaluated a new device, called DOAC Filter, and its usefulness in this setting. It is a single-use filtration cartridge in which FXa inhibitor compounds are trapped by non-covalent binding while plasma is filtered through a solid phase. Patient samples were analyzed before and after filtration: 38 rivaroxaban, 41 apixaban, and 68 none. Anticoagulant plasma concentrations were measured using specific anti-Xa assays and HPLC-MS/MS. LA testing was performed using dilute Russell Viper Venom Time (dRVVT) and Silica Clotting Time (SCT). Baseline median [min–max] concentrations were 64.8 [17.6; 311.4] for rivaroxaban and 92.1 ng/mL [37.1; 390.7] for apixaban (HPLC-MS/MS). They were significantly correlated with anti-Xa assay results (r = 0.98 and r = 0.94, respectively). dRVVT was positive in 92% rivaroxaban and 72% apixaban and SCT in 28 and 41% of samples, respectively. Post-filtration, median % of neutralization was 100% with rivaroxaban and apixaban concentrations of, respectively, <2 [<2–2.4] and <2 ng/mL [<2–9.6] using HPLC-MS/MS. No significant effect of DOAC Filter was observed on LA testing in controls (n = 31) and LA-positive (n = 37) non-anticoagulated samples. dRVVT and SCT remained positive in, respectively, 16 and 8% of rivaroxaban and 41 and 18% of apixaban samples. DOAC Filter would be an easy-to-use device allowing FXa inhibitor removal from plasma samples, limiting their interference with LA testing in treated patients.
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INTRODUCTION

Antiphospholipid syndrome (APS) is an immune disorder characterized by the association of at least one thromboembolic event and/or obstetrical complication (fetal death, miscarriages) with positivity of at least one persistent (≥ 12 weeks' interval) antiphospholipid antibody (aPL). These include lupus anticoagulant (LA), anti-cardiolipin (aCL), and anti-beta2-glycoprotein I (aβ2-GPI) antibodies (1, 2). A reliable diagnosis of APS is crucial to allow adequate therapeutic management. Indeed, given the high risk of recurrent thrombotic event in APS patients, particularly those with a first unprovoked event (3), aPL results might affect the choice of the anticoagulant drug as well as the treatment duration (4–7). The International Society on Thrombosis and Haemostasis (ISTH), the European Medicines Agency (EMA), the European League Against Rheumatism (EULAR), and the British Society of Hematology (BSH) did not recommend the use of FXa inhibitors in APS patients, especially those with triple positive aPL (8–11). ISTH, EULAR, and BSH recommended against their use also in APS patients with a history of arterial thrombosis (8, 9). The European Society of Cardiology recommended against their use in all APS patients (12). Nevertheless, FXa inhibitors are increasingly used to treat patients with thromboembolism, and it is far from uncommon to be prescribed prior to aPL diagnosis. Hence, accurate aPL testing is mandatory to avoid inappropriate use of these anticoagulant compounds in this population (4, 5). While detection of solid-phase antibodies aCL and aβ2-GPI is not affected by FXa inhibitor compounds present in tested samples (13, 14), it is well-established that rivaroxaban and apixaban have the potential to compromise LA testing leading to unreliable results (false-positive/negative results) even at very low concentrations (15–22). Due to their heterogeneity, LA testing should be performed using, at least, two coagulation assays of differing analytical principles, the first based on dilute Russell Viper Venom Time (dRVVT) and the second derived from activated partial thromboplastin time (aPTT) (6, 18, 23). Both assays are compromised by the presence of FXa inhibitor compounds in tested samples. Many options for their in vitro neutralization using specific antidotes (namely, idarucizumab and andexanet-alfa) (14, 18) or adsorption products such as activated charcoal (DOAC Stop™, DOAC Remove®) have been proposed to overcome their interferences with LA testing (18, 24–28). While specific antidotes would be an expensive solution and might lack availability, further investigation of the commercially available adsorption products is needed to prove the complete neutralization of apixaban and rivaroxaban in tested samples. As such, LA testing remains challenging in patients receiving FXa inhibitors owing to the absence of clear guidance and of an easy-to-use device allowing their complete in vitro removal from patients' samples.

Blood sample filtration using a new device, called DOAC Filter, has recently been studied (29) in spiked plasma samples. It is a single-use filtration cartridge in which FXa inhibitor compounds are trapped by non-covalent binding while plasma is filtered through a solid phase. We hence sought to evaluate its potential usefulness for LA testing in real-life clinical practice.



MATERIALS AND METHODS


Plasma Samples

This non-interventional study was conducted at Cochin University Hospital (AP-HP. Center, Paris, France) in accordance with the ethical principles of the Declaration of Helsinki. Overall, 147 blood samples were collected into 0.109 M of buffered trisodium citrate (9:1 v/v) tubes (Greiner Bio One, Courtaboeuf, France) and referred to our hematology laboratory for LA testing following an episode of thromboembolic event. Patients gave their written informed consent allowing usage of the residual samples for research purposes. The study was conducted using unidentified samples. Seventy-nine samples were from patients receiving direct oral FXa inhibitors (41 apixaban and 38 rivaroxaban) and 68 from patients not receiving any anticoagulant therapy. Thirty-one out of these 68 samples were from patients known as LA negative and were used as the control group whereas 37 were from patients having positive dRVVT and/or Silica Clotting Time (SCT) and were used as the LA-positive group. Blood samples were double centrifuged as recommended (13) at 2,500 g for 15 min at room temperature with plasma decantation in a second tube in between, leading to platelet-poor plasma (PPP, i.e., <10 000 platelets/mL) which was frozen at −80°C until use. Just prior to experiment, PPP was thawed at 37°C, gently mixed, then tested within 2 h.



dRVVT and SCT Assays

dRVVT and SCT are integrated assays performed on PPP samples using Sysmex CS 5100 (Siemens Diagnostics, Saint-Denis, France). LAC screening® and confirmation® (Siemens Diagnostics) were used for dRVVT assay. A protease extracted from the venom of the Daboia russelii viper directly activates the endogenous FX in the presence of calcium ions and phospholipids added at low (screen assay) or high (confirm assay) concentration resulting in a fibrin clot. SCT assays were performed using the SCT Hemosil® Silica Clotting Time Screen/Confirm reagents (Werfen, Le Pré-Saint-Gervais, France) in which colloidal silica activates the contact pathway coagulation factors in the presence of calcium ions and phospholipids added at low or high concentrations, respectively. In dRVVT and SCT assays, fibrin clot formation was detected optically. Hemosil® Normal control assayed (Werfen) was used as reference plasma and run in each series. Screened and confirmed results were reported as ratios of patients to reference plasma clotting time in order to mitigate issues related to analytical variability. Confirm assay was realized when the screen ratio was equal or above the cutoff value. The final result was expressed as a normalized ratio corresponding to the screen over the confirm ratios as recommended by the BSH (30). The cutoff value was 1.20 for both screen and screen/confirm ratios for both dRVVT and SCT assays as stated by the manufacturers and locally validated (16). The intra- and interassay coefficients of variation (CV) were 0.42 and 2.10% for dRVVT and 1.11 and 2.47% for SCT assays, respectively.



Direct Oral FXa Inhibitor Concentration Measurement

Direct oral FXa inhibitor concentrations were measured in pre- and post-filtration plasma samples using drug-calibrated anti-Xa assays (STA Liquid Anti Xa, Stago) and/or a validated high-performance liquid chromatography coupled with electrospray ionization tandem mass spectrometry (HPLC MS/MS). The lower limits of quantification (LLOQ) of both assays were locally determined and were equal to 18 and 2 ng/mL, respectively.



Samples Treatment With DOAC Filter

Treatment with DOAC Filter was performed according to the manufacturers' instructions. Briefly, the device is divided into three pieces: a cartridge containing the solid chemical phase (i.e., filter), the connector, and the STA® microtainer. Once the three pieces are connected together, 600 μL of PPP was loaded into the cartridge before centrifugation at 300 g during 15 min at room temperature. The STA® microtainer containing the post-filtration plasma was afterward loaded into the Sysmex CS 5100 in order to proceed with LA testing. One DOAC Filter was used per each patient sample.



Study Design

dRVVT and SCT screen assays were performed before and after treatment with DOAC Filter in all patients' samples. No additional assay was performed in samples tested negative, while those having an elevated screen ratio (i.e., ≥ 1.20) were subsequently analyzed using confirm assays. FXa inhibitor plasma concentrations were measured using both specific anti-Xa assays and HPLC-MS/MS. The same samples were used for all steps of pre- and post-filtration testing.



Data Analysis

FXa inhibitor plasma concentrations and the % of neutralization were expressed as median [min–max]. One hundred % of neutralization corresponds to the decrease in plasma concentration below the LLOQ of HPLC-MS/MS (i.e., <2 ng/mL). Correlations between FXa inhibitor concentrations measured with both methods and between anticoagulant plasma concentrations and LA results in pre-filtration samples were evaluated using the Spearman rank correlation. According to the distribution of the continuous variables (D'Agostino & Pearson normality test), screen and screen/confirm ratios were compared before and after sample treatment with DOAC Filter using the two-tailed paired t-test or Wilcoxon matched-pair signed-rank test. A p < 0.05 was considered as statistically significant. All statistical analyses and graph representation were computed using the GraphPad Prism 9.0.0 software (GraphPad, San Diego, CA).




RESULTS


Neutrality of DOAC Filter With Regard to LA Assays in the Absence of Direct Oral FXa Inhibitors

Volume assessment was performed in a subset of 49 plasma post-filtration samples (26 control, four LA positive, three apixaban, and 16 rivaroxaban samples). The mean volume recovered was 420 μL (95% confidence interval (CI) [413–422]), corresponding to a mean plasma recovery of 70% with an inter-assay CV of 3.9%. Thirty-one samples from non-anticoagulated patients were tested LA negative using dRVVT and SCT screen assays and were used as controls. DOAC Filter did not affect dRVVT (p = 0.082) and SCT (p = 0.545) results (Figures 1A,B). Moreover, 37 samples from non-anticoagulated patients were tested positive with dRVVT assays. Fifteen out of 37 were also LA positive using SCT assays. DOAC Filter did not affect dRVVT screen (p = 0.356) or screen/confirm ratios (p = 0.06) (Figure 1C). It neither did with SCT screen (p = 0.173) or screen/confirm ratios (p = 0.511) (Figure 1D). However, despite no significant difference observed in the results between pre- and post-filtration control and LA-positive non-anticoagulated samples, four dRVVT and five SCT weakly elevated screen ratios turned out to be negative (i.e., <1.20) following treatment with DOAC Filter. Among these samples, only one DRVVT screen/confirm ratio turned out to be negative. The others remained positive. Results of these samples are detailed in Supplementary Table 1.


[image: Figure 1]
FIGURE 1. Neutrality of DOAC Filter with regard to LA assays in the absence of FXa inhibitors. Pre- (closed symbols) and post-filtration (open symbols) samples were tested using dRVVT (A) and SCT (B) screen assays in control samples (n = 31) and using dRVVT (C) and SCT (D) screen and confirm assays in LA-positive samples (n = 37 and 15, respectively). Dashed line corresponds to the cutoff value of 1.20. Horizontal lines represent median values.




Impact of Direct Oral FXa Inhibitors on LA Assays

LA testing was performed in plasma samples from 79 patients: 41 receiving apixaban and 38 rivaroxaban. FXa inhibitor plasma concentrations ranged from 17.6 to 311.4 ng/mL for rivaroxaban and 37.1–390.7 ng/mL for apixaban, as assessed by HPLC-MS/MS (Table 1). They were also measured using the widespread available methods, namely, specific anti-Xa assays (Table 1). The results of the two methods were significantly correlated (p < 0.0001) for both rivaroxaban (r = 0.98 95% CI [0.95–0.99]) and apixaban samples (r = 0.94 95% CI [0.89–0.97]). The dRVVT screen ratio increased in a concentration-dependent manner (p < 0.0001) in the presence of rivaroxaban and apixaban with a more pronounced effect of the former (r = 0.81 vs. r = 0.72, respectively) (Figures 2A,C). dRVVT screen ratios were elevated (i.e., ≥ 1.20) in 100% of rivaroxaban and 92% of apixaban samples (Table 2). Samples with elevated screen results were further tested using confirm assay. Screen/confirm ratios remained positive in 92 and 72% of the samples, respectively. SCT screen ratios were less correlated with rivaroxaban concentration (p < 0.0001, r = 0.71) compared to dRVVT screen ratios whereas they were not with apixaban concentration (p = 0.724) (Figures 2B,D). SCT screen ratios were elevated in 50% of rivaroxaban and 64% of apixaban samples. As for dRVVT assays, samples with elevated SCT screen results were further tested using the SCT confirm reagent. SCT screen/confirm ratios were positive in 28 and 41% of the samples, respectively (Table 2).


Table 1. FXa inhibitors concentrations in pre- and post-filtration samples.
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FIGURE 2. Impact of FXa inhibitors on dRVVT and SCT assays. Samples from patients receiving direct oral FXa inhibitors were tested using dRVVT (n = 38 in A and n = 39 in C) and SCT (n = 36 in B and n = 39 in D) screen assays. Only samples having elevated screen ratio (i.e., ≥ 1.20) were subsequently analyzed using confirm assays. Screen and confirm ratios are plotted as a function of rivaroxaban (A,B) or apixaban (C,D) plasma concentrations measured using specific anti-Xa assays. Dashed line corresponds to the cutoff value of 1.20.



Table 2. Percentage of positive LA results in pre- and post-filtration patients' samples.
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Effect of DOAC Filter on Direct Oral FXa Inhibitor Plasma Concentrations

Seventy-eight samples were analyzed using HPLC-MS/MS before and after treatment with DOAC Filter: 37 rivaroxaban and 41 apixaban samples. Sixty-eight were also analyzed using specific anti-Xa assays: 30 rivaroxaban and 38 apixaban samples. The remaining samples could not be tested with specific anti-Xa assays due to insufficient post-filtration sample volume. DOAC Filter significantly reduced the plasma concentrations of rivaroxaban (p < 0.0001) and apixaban (p < 0.0001) with an overall median % of neutralization of 100% (Table 1) as assessed with HPLC-MS/MS. Rivaroxaban concentration was below 2 ng/mL in 35 out of 37 post-filtration samples, the two remaining being equal to 2.35 and 2.43 ng/mL. Apixaban concentration was below 2 ng/mL in 24 out of the 41 post-filtration samples. A concentration-dependent adsorption effect was observed (p < 0.0001) with a Spearman correlation coefficient of r = 0.69 (95% CI [0.48–0.83]). The median residual apixaban concentration in the 17 remaining samples was 3.26 ng/mL [2.1–9.63]. Therefore, DOAC Filter substantially depleted patients' plasma samples from FXa inhibitor compounds.



Effect of DOAC Filter on LA Testing in Samples From Patients Receiving Direct Oral FXa Inhibitors

Following treatment with DOAC Filter, dRVVT and SCT screen and screen/confirm ratios significantly decreased in both rivaroxaban (Figures 3A,B) and apixaban samples (Figures 3C,D) along with the percentages of positive LA results (p < 0.0001). Drug interference with dRVVT and SCT screen was corrected in 84 and 83% of rivaroxaban and in 50 and 60% of apixaban pre-filtration samples having an elevated screen ratio. Following confirm assays in post-filtration samples, rivaroxaban interference with both tests was not changed whereas apixaban interference slightly decreased (Table 2). As LA testing is considered positive when at least one of the two tests is positive, DOAC Filter decreased positive LA results from 92 to 19% in rivaroxaban samples and from 77 to 51% in apixaban samples (Table 2). Plasma concentrations of FXa inhibitors in post-filtration samples with remaining positive LA results were <2 ng/mL [<2–2.43] for rivaroxaban (n = 7) and <2 ng/mL [<2–9.63] for apixaban (n = 20) samples as assessed by HPLC-MS/MS.


[image: Figure 3]
FIGURE 3. Effect of DOAC Filter on LA testing in FXa inhibitor samples. dRVVT (A,C) and SCT (B,D) screen, confirm, and screen/confirm ratios in rivaroxaban (A,B, n = 38 and n = 36, respectively) and apixaban (C,D, n = 39) samples were calculated before (closed symbols) and after (open symbols) treatment with DOAC Filter. Two rivaroxaban samples could not be tested with SCT assays due to insufficient sample volume. Only samples having elevated screen ratio (i.e., ≥ 1.20) were subsequently analyzed using confirm assays. Dashed line corresponds to the cutoff value of 1.20. Horizontal lines represent median values.





DISCUSSION

The present study provided evidence on the extent of interference of FXa inhibitors with LA testing and showed for the first time that DOAC Filter could remove, almost totally, these anticoagulant compounds from patients' plasma sample as assessed by the high-sensitivity and specific HPLC-MS/MS method, limiting therefore their confounding effect and allowing reliable LA detection in anticoagulated patients. Accurate LA testing may be useful in selected patients while they are still anticoagulated since it might affect the choice of the anticoagulant drug and the treatment duration (4, 5, 7).

Sevenet et al. have recently evaluated the capacity of DOAC Filter to remove direct oral anticoagulant compounds in normal pooled plasma spiked with increasing anticoagulant concentrations. They proved its neutrality with regard to dRVVT and LA-sensitive aPTT (PTT-LA) and also on a large panel of coagulation assays including prothrombin time, aPTT, thrombin time, fibrinogen, antithrombin, and protein C activities (29). Here, we showed for the first time that DOAC Filter might be a potential useful device in real-life clinical practice. It decreased the anticoagulant plasma concentration below the LLOQ of the commonly used specific anti-Xa assays in almost all the tested samples. FXa inhibitors' concentration got even below the LLOQ of HPLC-MS/MS as was observed with the vast majority of the rivaroxaban samples while a non-complete adsorption was observed in 17 out of 41 apixaban samples, which is consistent with the previous study performed with spiked samples (29). Therefore, DOAC Filter might have a better efficacy for rivaroxaban adsorption than for apixaban. This should be confirmed in a larger number of samples. Moreover, in post-filtration samples, LA results remained positive in 19% of rivaroxaban and 51% of apixaban samples despite an anticoagulant plasma concentration below 2 ng/mL in two-thirds of the cases. None of these rivaroxaban samples were tested positive for aCL or aβ2-GPI while three of the apixaban samples were tested positive for aCL and one for aβ2-GPI (being triple positive). Six out of the 20 LA-positive post-filtration apixaban samples had a FXa inhibitor concentration above 2 ng/mL (ranged between 2.10 and 9.63 ng/mL). To the best of our knowledge, no distinction between true and false LA-positive results is possible in this subgroup of samples. While Taipan snake venom time/ecarin clotting time would be useful for the detection of real LA-positive patients receiving FXa inhibitors, particularly in this subgroup of samples (31), these tests are not yet widely available in clinical practice. Although little known, the prevalence of aPL-positive results in patients with a history of thromboembolism was estimated to be around 10% (32, 33). Here, the % of positive LA results seemed well above, particularly in apixaban patients, even after exclusion of post-filtration samples with anticoagulant concentration remaining above 2 ng/mL. Of note, a repeat of this positive LA testing is required within a time interval of 12 weeks in order to establish the APS diagnosis.

Although the best option would be blood sampling for LA testing before starting any anticoagulant therapy, even when this is possible, most patients would be within the acute phase of thrombosis, making interpretation of results somewhat difficult (14). Usage of adsorbent devices based on activated charcoal as an additional tool for LA testing in treated patients has been recently suggested by the Scientific and Standardization Committee for lupus anticoagulant/antiphospholipid antibodies of the ISTH. However, a warning on the interpretation of the results was issued since complete reversal of the anti-FXa effect does not occur in every sample (14, 27, 34, 35). Moreover, adsorbent devices may interfere with clotting times, hence influencing the conclusion on LA testing as it was observed with DOAC Stop™ in some previous studies (28, 34, 36). In the present study, despite no significant difference observed in the results between pre- and post-filtration control and LA positive non-anticoagulated samples, some weakly elevated screen ratios turned out to be negative (i.e., <1.20) following treatment with DOAC Filter. It would thus be worthwhile to (i) evaluate whether DOAC Filter has any procoagulant effect using sensitive hemostasis assays such as thrombin generation test as was the case of DOAC Stop (36) and (ii) test a larger number of patients who are LA positive while receiving FXa inhibitors to see whether adsorbance of anticoagulant compounds yields consistent results. Moreover, if further studies show that treatment with DOAC Filter would change weak LA-positive samples devoid of any anticoagulant compound to LA negative, then DOAC Filter should only be used in plasma from FXa inhibitor-treated patients as was already shown with DOAC Stop™, which will be technically and economically wise in clinical practice. Indeed, in De Kesel's study, LA testing changed from positive to negative in 10 out of the 63 non-anticoagulant samples following treatment with DOAC Stop™ (35).

Plasma volume obtained post-filtration was reduced by around 30% resulting in a mean volume of 420 μL which could be limiting in clinical practice since this device cannot be used more than once. As such, two DOAC Filter cartridges might be necessary depending on the panel of coagulation assays to be performed on patient sample and requiring FXa inhibitors' quenching to avoid any misinterpretation.

Our study has some limitations. First, we evaluated the interference of FXa inhibitors with one specific test system for LA-sensitive aPTT (SCT) and dRVVT. Consequently, caution should be made on the generalization of our results to other reagents without local validation. Second, no known (real) positive LA samples from patients receiving direct FXa inhibitors could have been tested with DOAC Filter since these drugs are not prescribed in APS patients in accordance with the current recommendations (8–12). Therefore, we were unable to verify whether such samples would remain LA positive following filtration. Third, our study was not designed to determine the maximum rivaroxaban and apixaban levels that would be completely adsorbed by DOAC Filter. These remain to be established in appropriate future studies. Fourth, no mixing studies in a 1:1 proportion of tested samples with reference plasma were performed to rule out any potential coagulation factor deficiency since no correction of the dRVVT or aPTT-based assays in the presence of active FXa inhibitor molecules is expected as it was already proven by Merriman et al. (37). In case of doubt regarding any coagulation factor deficiency in xaban samples tested with dRVVT or SCT assays, levels of such factors should be specifically measured using appropriate dilutions of plasma to minimize the interference of FXa inhibitors.

In conclusion, DOAC Filter is a valuable new, ergonomic, and easy-to-use device allowing FXa inhibitors' in vitro removal from plasma samples, limiting therefore false LA-positive results in patients receiving FXa inhibitors.



DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in the article/Supplementary Material, further inquiries can be directed to the corresponding author/s.



ETHICS STATEMENT

Ethical review and approval was not required for the study on human participants in accordance with the local legislation and institutional requirements. The patients/participants provided their written informed consent to participate in this study.



AUTHOR CONTRIBUTIONS

GJ conceived the study. CF, SE, and LG performed the research. CF and GJ analyzed the data and wrote the manuscript. XD performed the HPLC-MS/MS assays. SE, MS, JD, MF, VP, and XD critically read the manuscript and gave the final approval. All authors contributed to the article and approved the submitted version.



ACKNOWLEDGMENTS

We thank D. Guaraldo, A. Delelis, and D. Mokrane for their excellent technical skills. We also thank Stago and Siemens Diagnostics for the generous donation of the reagent used.



SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fmed.2021.683357/full#supplementary-material



REFERENCES

 1. Miyakis S, Lockshin MD, Atsumi T, Branch DW, Brey RL, Cervera R, et al. International consensus statement on an update of the classification criteria for definite antiphospholipid syndrome (APS). J Thromb Haemost. (2006) 4:295–306. doi: 10.1111/j.1538-7836.2006.01753.x

 2. Devreese KMJ, Ortel TL, Pengo V, de Laat B, Subcommittee on Lupus Anticoagulant/Antiphospholipid Antibodies. Laboratory criteria for antiphospholipid syndrome: communication from the SSC of the ISTH. J Thromb Haemost JTH. (2018) 16:809–13. doi: 10.1111/jth.13976

 3. Garcia D, Akl EA, Carr R, Kearon C. Antiphospholipid antibodies and the risk of recurrence after a first episode of venous thromboembolism: a systematic review. Blood. (2013) 122:817–24. doi: 10.1182/blood-2013-04-496257

 4. Connors JM. Thrombophilia testing and venous thrombosis. N Engl J Med. (2017) 377:1177–87. doi: 10.1056/NEJMra1700365

 5. Pengo V, Denas G, Zoppellaro G, Jose SP, Hoxha A, Ruffatti A, et al. Rivaroxaban vs warfarin in high-risk patients with antiphospholipid syndrome. Blood. (2018) 132:1365–71. doi: 10.1182/blood-2018-04-848333

 6. Cohen H, Doré CJ, Clawson S, Hunt BJ, Isenberg D, Khamashta M, et al. Rivaroxaban in antiphospholipid syndrome (RAPS) protocol: a prospective, randomized controlled phase II/III clinical trial of rivaroxaban versus warfarin in patients with thrombotic antiphospholipid syndrome, with or without SLE. Lupus. (2015) 24:1087–94. doi: 10.1177/0961203315581207

 7. Ruiz-Irastorza G, Cuadrado MJ, Ruiz-Arruza I, Brey R, Crowther M, Derksen R, et al. Evidence-based recommendations for the prevention and long-term management of thrombosis in antiphospholipid antibody-positive patients: report of a task force at the 13th International Congress on antiphospholipid antibodies. Lupus. (2011) 20:206–18. doi: 10.1177/0961203310395803

 8. Tektonidou MG, Andreoli L, Limper M, Amoura Z, Cervera R, Costedoat-Chalumeau N, et al. EULAR recommendations for the management of antiphospholipid syndrome in adults. Ann Rheum Dis. (2019) 78:1296–304. doi: 10.1136/annrheumdis-2019-215213

 9. Zuily S, Cohen H, Isenberg D, Woller SC, Crowther M, Dufrost V, et al. Use of direct oral anticoagulants in patients with thrombotic antiphospholipid syndrome: guidance from the scientific and standardization committee of the international society on thrombosis and haemostasis. J Thromb Haemost. (2020) 18:2126–37. doi: 10.1111/jth.14935

 10. Arachchillage DRJ, Gomez K, Alikhan R, Anderson JAM, Lester W, Laffan M. Addendum to British society for haematology guidelines on investigation and management of antiphospholipid syndrome, 2012 (Br. J. Haematol. 2012; 157:47–58): use of direct acting oral anticoagulants. Br J Haematol. (2020). 189:212–5. doi: 10.1111/bjh.16308

 11. Pharmacovigilance Risk Assessment Committee. PRAC Recommendations on Signals. Adopted at the 8-11 April 2019 PRAC Meeting (2019). Available online at: https://wwwema.europa.eu (accessed December 30, 2020).

 12. Konstantinides SV, Meyer G, Becattini C, Bueno H, Geersing G-J, Harjola VP, et al. 2019 ESC Guidelines for the diagnosis and management of acute pulmonary embolism developed in collaboration with the European Respiratory Society (ERS). Eur Heart J. (2020) 41:543–603. doi: 10.1093/eurheartj/ehz405

 13. Pengo V, Tripodi A, Reber G, Rand JH, Ortel TL, Galli M, et al. Update of the guidelines for lupus anticoagulant detection. J Thromb Haemost. (2009) 7:1737–40. doi: 10.1111/j.1538-7836.2009.03555.x

 14. Tripodi A, Cohen H, Devreese KMJ. Lupus anticoagulant detection in anticoagulated patients. Guidance from the scientific and standardization committee for lupus anticoagulant/antiphospholipid antibodies of the international society on thrombosis and haemostasis. J Thromb Haemost. (2020) 18:1569–75. doi: 10.1111/jth.14846

 15. Hoxha A, Mattia E, Tonello M, Grava C, Pengo V, Ruffatti A. Antiphosphatidylserine/prothrombin antibodies as biomarkers to identify severe primary antiphospholipid syndrome. Clin Chem Lab Med. (2017) 55:890–8. doi: 10.1515/cclm-2016-0638

 16. Gay J, Duchemin J, Imarazene M, Fontenay M, Jourdi G. Lupus anticoagulant diagnosis in patients receiving direct oral FXa inhibitors at trough levels: a real-life study. Int J Lab Hematol. (2019) 41:738–44. doi: 10.1111/ijlh.13101

 17. Mani H, Hesse C, Stratmann G, Lindhoff-Last E. Ex vivo effects of low-dose rivaroxaban on specific coagulation assays and coagulation factor activities in patients under real life conditions. Thromb Haemost. (2013) 109:127–36. doi: 10.1160/TH12-04-0228

 18. Favaloro EJ, Gilmore G, Arunachalam S, Mohammed S, Baker R. Neutralising rivaroxaban induced interference in laboratory testing for lupus anticoagulant (LA): a comparative study using DOAC stop and andexanet alfa. Thromb Res. (2019) 180:10–9. doi: 10.1016/j.thromres.2019.05.013

 19. Flieder T, Weiser M, Eller T, Dittrich M, von Bargen K, Alban S, et al. Interference of DOACs in different DRVVT assays for diagnosis of lupus anticoagulants. Thromb Res. (2018) 165:101–6. doi: 10.1016/j.thromres.2018.03.009

 20. Ratzinger F, Lang M, Belik S, Jilma-Stohlawetz P, Schmetterer KG, Haslacher H, et al. Lupus-anticoagulant testing at NOAC trough levels. Thromb Haemost. (2016) 116:235–40. doi: 10.1160/TH16-02-0081

 21. Bonar R, Favaloro EJ, Mohammed S, Ahuja M, Pasalic L, Sioufi J, 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) 48:60–71. doi: 10.1016/j.pathol.2015.11.025

 22. Reda S, Brügelmann A, Müller J, Oldenburg J, Pötzsch B, Rühl H. Functional lupus anticoagulant testing in a large retrospective cohort of thrombosis patients with direct oral anticoagulants. Sci Rep. (2020) 10:12221. doi: 10.1038/s41598-020-69199-1

 23. Ledford-Kraemer M, Clinical and Laboratory Standards Institute. Laboratory Testing for the Lupus Anticoagulant: Approved Guideline. Wayne, PA: Clinical and Laboratory Standards Institute (2014).

 24. Exner T, Michalopoulos N, Pearce J, Xavier R, Ahuja M. Simple method for removing DOACs from plasma samples. Thromb Res. (2018) 163:117–22. doi: 10.1016/j.thromres.2018.01.047

 25. Favresse J, Lardinois B, Sabor L, Devalet B, Vandepapeliere J, Braibant M, et al. Evaluation of the DOAC-Stop® procedure to overcome the effect of DOACs on several thrombophilia screening tests. TH Open. (2018) 2:e202–9. doi: 10.1055/s-0038-1657785

 26. Cox-Morton S, MacDonald S, Thomas W. A diagnostic solution for haemostasis laboratories for patients taking direct oral anticoagulants using DOAC-Remove. Br J Haematol. (2019) 187:377–85. doi: 10.1111/bjh.16091

 27. Jourdi G, Delrue M, Stepanian A, Valaize J, Foulon-Pinto G, Demagny J, et al. Potential usefulness of activated charcoal (DOAC remove®) for dRVVT testing in patients receiving direct oral anticoagulants. Thromb Res. (2019) 184:86–91. doi: 10.1016/j.thromres.2019.11.001

 28. Frans G, Meeus P, Bailleul E. Resolving DOAC interference on aPTT, PT, and lupus anticoagulant testing by the use of activated carbon. J Thromb Haemost. (2019) 17:1354–62. doi: 10.1111/jth.14488

 29. Sevenet PO, Cucini V, Hervé T, Depasse F, Carlo A, Contant G, et al. Evaluation of DOAC Filter, a new device to remove direct oral anticoagulants from plasma samples. Int J Lab Hematol. (2020) 42:636–42. doi: 10.1111/ijlh.13267

 30. Keeling D, Mackie I, Moore GW, Greer IA, Greaves M, British Committee for Standards in Haematology. Guidelines on the investigation and management of antiphospholipid syndrome. Br J Haematol. (2012). 157:47–58. doi: 10.1111/j.1365-2141.2012.09037.x

 31. van Os GMA, de Laat B, Kamphuisen PW, Meijers JCM, de Groot PG. Detection of lupus anticoagulant in the presence of rivaroxaban using Taipan snake venom time. J Thromb Haemost. (2011) 9:1657–9. doi: 10.1111/j.1538-7836.2011.04395.x

 32. Chaturvedi S, McCrae KR. Diagnosis and management of the antiphospholipid syndrome. Blood Rev. (2017) 31:406–17. doi: 10.1016/j.blre.2017.07.006

 33. Miranda S, Park J, Le Gal G, Piran S, Kherani S, Rodger MA, et al. Prevalence of confirmed antiphospholipid syndrome in 18-50 years unselected patients with first unprovoked venous thromboembolism. J Thromb Haemost. (2020) 18:926–30. doi: 10.1111/jth.14720

 34. Platton S, Hunt C. Influence of DOAC stop on coagulation assays in samples from patients on rivaroxaban or apixaban. Int J Lab Hematol. (2019) 41:227–33. doi: 10.1111/ijlh.12950

 35. De Kesel PM, Devreese KMJ. Direct oral anticoagulant adsorption: impact on lupus anticoagulant testing-Review of the literature and evaluation on spiked and patient samples. J Thromb Haemost. (2020) 18:2003–17. doi: 10.1111/jth.14894

 36. Kopatz WF, Brinkman HJM, Meijers JCM. Use of DOAC Stop for elimination of anticoagulants in the thrombin generation assay. Thromb Res. (2018) 170:97–101. doi: 10.1016/j.thromres.2018.08.014

 37. Merriman E, Kaplan Z, Butler J, Malan E, Gan E, Tran H. Rivaroxaban and false positive lupus anticoagulant testing. Thromb Haemost. (2011) 105:385–6. doi: 10.1160/TH10-08-0511

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2021 Farkh, Ellouze, Gounelle, Sad Houari, Duchemin, Proulle, Fontenay, Delavenne and Jourdi. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fmed-08-683357-t002.jpg
Screen ratio

Rivaroxaban
Pre-fitration  38/38 (100%)
Post-fitration  6/38 (16%)
Apixaban

Pre-fitration  36/39 (92%)
Post-fitvation  18/39 (46%)

dRWT

Screen ratio/confirm ratio

35/38 (929%)
6/38 (16%)

28/39 (72%)
16/39 (41%)

Screen ratio

18/36 (50%)
3/36 (8%)

25/39 (64%)
10/39 (26%)

scT

Screen ratio/confirm ratio

10/36 (28%)
3/36 (8%)

16/39 (41%)
7/39 (18%)

Positive result corresponds to a ratio > 1.20. dRWT, dilute Russell viper venom time; SCT, silica clotting time.

dRWT and/or SCT

Screen ratio Screen ratio/confirm ratio

36/36 (100%) 33/36 (92%)

7/36 (19%) 7/36 (19%)
37/39 (95%) 30/39 (77%)
22/39 (56%) 20/39 (51%)





OPS/images/fmed-08-683357-g003.gif
A ARWVT assay & SCT sasey
ratio fvaroxaban samples o fvaroxaban samples

3 .
NE-PE W S

Teroon conti sersoneontim “ersen_ confim serceniconfin
ato 338 638 308 638 ko 1836 33 1036 3%
=120 100% 16% % 6% =120 5% 8% 2% 6%
e ARWT assay ° SCTassay

‘apixaban sampes. o apixaban samples.

“"dakobe i & b e o s
T e
e e oo e T e e

120 9% 6% D% 41% 2120 84% 26% 1% 16%





OPS/images/fmed-08-683357-t001.jpg
Rivaroxaban samples Apixaban samples

Pre-filtration Post-filtration % of neutrali Pre-filtration Post-filtration % of neutralization
Anti-Xa assay (ng/mL) 63 [26; 363] <18[<18;22) 126 (33; 370) <18
HPLC-MS/MS (ng/ml)  64.8[17.6;311.4) <2[<2;24] 100 [99.7; 100] 92.1(87.1; 390.7) <2[<2;96) 100 97.4; 100]

Median [min; mex] velues are reported. Rivaroxaban concentration was measured using specific anti-Xa assay or HPLC-MS/MS in 30 and 37 semples, respectively. Apixaben

concentration was measured in 38 and 41 samples, respectively. Total neutralization (100%) corresponds to xaban concentration below the lower limit of quantification of HPLC-MS/MS
fie., 2 ng/ml).





OPS/xhtml/Nav.xhtml




Contents





		Cover



		A Diagnostic Solution for Lupus Anticoagulant Testing in Patients Taking Direct Oral FXa Inhibitors Using DOAC Filter



		Introduction



		Materials and Methods



		Plasma Samples



		dRVVT and SCT Assays



		Direct Oral FXa Inhibitor Concentration Measurement



		Samples Treatment With DOAC Filter



		Study Design



		Data Analysis







		Results



		Neutrality of DOAC Filter With Regard to LA Assays in the Absence of Direct Oral FXa Inhibitors



		Impact of Direct Oral FXa Inhibitors on LA Assays



		Effect of DOAC Filter on Direct Oral FXa Inhibitor Plasma Concentrations



		Effect of DOAC Filter on LA Testing in Samples From Patients Receiving Direct Oral FXa Inhibitors







		Discussion



		Data Availability Statement



		Ethics Statement



		Author Contributions



		Acknowledgments



		Supplementary Material



		References

















OPS/images/cover.jpg
’ frontiers
in Medicine

A Diagnostic Solution for Lupus

Anticoagulant Testing in Patients

Taking Direct Oral FXa Inhibitors
Using DOAC Filter





OPS/images/fmed-08-683357-g001.gif
A (dRVVT screen assay
e Control sampies

SCT screen assay
o “Controlsamplos

o
J i ol
it o
S 4 s
. st
i, W
P e X . 8 . .
Y H P :
IR SER Y Y
hd [ BT 4

S S





OPS/images/fmed-08-683357-g002.gif









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Medicine





