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Abstract

Background: The term Direct Oral Anticoagulants (DOACs) refers to a group of drugs that inhibit factor Xa or thrombin.
Even though their use for treating different thrombotic or prothrombotic conditions is increasing recently, there is no
compelling evidence indicating that those medications are safe in all antiphospholipid syndrome (APS) patients.

Methodology: To address this issue, specialists from the Antiphospholipid Syndrome Committee of the Brazilian Society
of Rheumatology performed a comprehensive review of the literature regarding DOACs use in APS to answer the three
following questions: (1) potential mechanisms of action of these drugs that could be relevant to APS pathogenesis, (2)
DOACs interference on lupus anticoagulant testing, and (3) the efficacy of DOACs in APS.

Position statement: After critically reviewing the relevant evidence, the authors formulated 8 Position Statements about
DOACs use in APS.

Conclusion: DOACs should not be routinely used in APS patients, especially in those with a high-risk profile (triple
positivity to aPL, arterial thrombosis, and recurrent thrombotic events). In addition, DOACs interferes with LA testing,
leading to false-positive results in patients investigating APS.
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Background
Direct oral anticoagulants (DOACs) are medications
used for treating different thrombotic or prothrombotic
conditions, such as non-valvular atrial fibrillation (AFib)
[1–5], deep vein thrombosis (DVT) [6–9], and
pulmonary embolism (PE) [10], as well as for

thromboprophylaxis after elective lower limb orthopedic
surgery [11] and for acutely ill medical patients [12–14].
Until now, this class of medication comprises five differ-
ent drugs, dabigatran, rivaroxaban, apixaban, endoxaban
and betrixaban (not discussed in this review, since it is
not available in Brazil at this time), each of them with
different half-life, pharmacokinetics, pharmacodynamics,
and even clinical indications. Table 1 provides summa-
rized information regarding those drugs [15–19].
In the pivotal trials, DOACs were non-inferior to the

standard-of-care warfarin, with a good safety profile.
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More recently, after the results of the COMPASS trial
[24], the U.S. Food and Drug Administration (FDA) ap-
proved rivaroxaban (2.5 mg twice daily in association
with acetylsalicylic acid [ASA]) to reduce the risk of
major cardiovascular events (myocardial infarction,
stroke and/or cardiovascular death) in patients with
stable atherosclerotic vascular disease (i.e. chronic cor-
onary artery disease and peripheral artery disease).
In addition to the increasing number of indications,

DOACs present some appealing advantages over vitamin K
antagonists (VKA), such as: (1) rapid onset of the anticoagu-
lant effect after drug initiation, shortening hospitalization
time and often obviating the need of in-hospital treatment;
(2) no need of laboratory monitoring of the anticoagulant
effect, being therefore more convenient for the patients, (3)
fixed therapeutic dosage, and (4) fewer interactions with
dietary components and other drugs, which translates into a
more stable anticoagulant effect, irrespective to the patient’s
diet and commonly prescribed medications [25–28].
Nevertheless, some potentially serious drug interaction

between different DOACs and other frequently used medi-
cations, such as cyclosporine, tacrolimus, imidazole and tri-
azole derivatives, antiretroviral therapies (especially ritonavir
and telaprevir), amiodarone, anticonvulsants (carbamaze-
pine, phenobarbital, phenytoin), selective serotonin reuptake

inhibitors and rifampicin, have been recently described and
may increase the risk of bleeding or decrease the efficacy of
DOACs [20–23] (Table 2). In addition, DOACs should not
be prescribed to pregnant woman and to patients with se-
verely impaired renal function (estimated GFR < 30mL/
min/1.73m2 of body surface area), since these groups of pa-
tients were excluded from pivotal trials.
Of note, despite being increasingly employed in the man-

agement of other prothrombotic states, the use of DOACs
in patients with antiphospholipid syndrome (APS) was not
extensively evaluated in the pivotal trials (namely, RE-
COVER, RE-SONATE, RE-MEDY, EINSTEIN, EINSTEIN-
PE, AMPLIFY, and HOKUSAI-VTE trials) [6–10]. In fact,
it is expected that around 10% of patients with venous
thrombosis will test positive for antiphospholipid antibodies
(aPL) [29]. Even though, in post-hoc studies of phase 3
DOACs trials, only a fraction of the expected patients were
reported. Goldhaber et al. described the post-hoc analysis
of dabigatran trials. They identified 43 APS patients (1.7%)
treated with dabigatran in RE-COVER/RE-COVER II trials
(vs. 43 warfarin patients) and 38 (2.7%) in RE-MEDY trial
(vs. 54 warfarin patients) [30]. The authors stated that the
incidence of VTE/VTE-related deaths in aPL positive pa-
tients did not differ between groups [30], but this study was
underpowered to draw definite conclusions on the use of

Table 1 Characteristics of DOACs. Adapted from references [15–19]

Drugs Mechanism of
action

Brand name Clinical indications Half-life Elimination Drug interactions (see Table 2)

Dabigatran Direct thrombin
inhibitor

Pradaxa - Non-valvular AFib; 12–14 h Renal (80%) - P-gp inducers

- Treatment of DVT and PE; - P-gp inhibitors

- Reduction in the risk of recurrence
of DVT and PE.

Rivaroxaban Factor Xa inhibitor Xarelto - Non-valvular AFib; 5–13 h Renal (67%) - Combined P-gp and strong
CYP3A4 inhibitors and
inducers- Treatment of DVT and PE;

- Reduction in the risk of recurrence
of DVT and PE;

- Prophylaxis of DVT following hip or
knee replacement surgery;

- Prophylaxis of DVT and PE in acutely
ill medical patients;

- Risk reduction of major cardiovascular
events in stable atherosclerotic vascular
disease (in combination with ASA).

Apixaban Factor Xa inhibitor Eliquis - Non-valvular AFib; 12 h Faecal (56%) - Strong dual inhibitors of P-gp
and CYP3A4

- Treatment of DVT and PE;

- Prophylaxis of DVT following hip or
knee replacement surgery.

Edoxaban Factor Xa
inhibitor

Savaysa (USA) /
Lixiana (Brazil)

- Non-valvular AFib; 10–14 h Renal (50%) - P-gp inducers and inhibitors.

- Treatment of DVT and PE following
5–10 days of initial parenteral
anticoagulation.

AFib atrial fibrillation, ASA acetylsalicylic acid, BID twice daily, CrCl creatinine clearance, DVT deep vein thrombosis, PE pulmonary embolism, P-gp P-glycoprotein,
QD once daily
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dabigatran in this subgroup of patients [31]. In AMPLIFY
study [7], 74 patients (2.85%) in the apixaban arm were di-
agnosed with thrombophilia (vs. 59 in enoxaparin + war-
farin arm), but no specific analysis of APS patients was
provided [7, 31]. In the EINSTEIN and EINSTEIN-PE tri-
als, 6.2% patients in the rivaroxaban group (vs. 6.8% in war-
farin group) and 5.7% (vs. 5.0% in warfarin group),
respectively, had a known thrombophilia. Efficacy and
safety endpoints were consistent with the overall observed
effect; however, again, there was no specific analysis
of APS patients [6, 10, 31]. Moreover, published trials
on the use of rivaroxaban in APS failed to demon-
strate non-inferiority of rivaroxaban when compared
to warfarin (one using intermediate/laboratory and 2
using clinical outcomes – please see Randomized clin-
ical trials (RCT) section below) [32–34].
This position statement will cover the published data

regarding the use of DOACs in APS patients and will
discuss the potential uses and contraindications of this
class of drugs in this very specific group.

Questions to explore
The authors will explore the published data about
DOACs use in APS, especially regarding their potential
mechanisms of action that may influence APS treatment,
their impact on lupus anticoagulant (LA) testing, and
their efficacy in this subset of patients.

Methodology
Specialists from the Antiphospholipid Syndrome
Committee of the Brazilian Society of Rheumatology
performed a comprehensive review of the literature re-
garding DOACs use in APS to address the three

following questions: (1) potential mechanisms of action
of these drugs that could be relevant to APS pathogen-
esis, (2) DOACs interference on LA testing, and (3) the
efficacy of DOACs in APS.
MEDLINE, EMBASE, Cochrane, and BIREME databases

were searched up until March 20th, 2020. No language re-
striction was applied. We divided MeSH terms in two
groups and combined each term of group 1 with each
term of group 2, as following: (1) “antiphospholipid syn-
drome”, “antiphospholipid antibodies”, “lupus anticoagu-
lant”, “anticardiolipin antibodies”, “beta 2 glycoprotein I”;
and (2) “dabigatran”, “rivaroxaban”, “apixaban”, “edoxa-
ban”. All retrieved articles were screened according to its
title, abstract and full-text (if title and abstract were appro-
priate) and our group selected the most relevant ones to
answer the proposed questions.
After critically reviewing the relevant evidence, the au-

thors formulated a Position Statement on the use of
DOACs in APS. All participants had the opportunity to
express their opinion and contributed to the final
document.

Literature review and analysis
Mechanism of action
DOACs exert their anticoagulant effects by directly inhi-
biting either factor Xa (rivaroxaban, apixaban, edoxaban)
or thrombin (dabigatran). This inhibition occurs in a re-
versible, competitive, highly selective and dose-
dependent way [25, 35, 36].
Factor Xa and thrombin play very important roles in

normal hemostasis. The primary physiologic trigger of
clotting event (initiation) is the interaction between tis-
sue factor and activated factor VII (VIIa). Factor VIIa

Table 2 Drug-drug and food-drug interactions of DOACs. Adapted from references [20–23]

Pharmacokinetic interaction Pharmacodynamic interaction

Can decrease DOAC concentration Can increase DOAC concentration Can increase risk of bleeding

Carbamazepine Amiodarone Aspirin

Phenobarbital Clarithromycin ADP receptor (P2Y12) inhibitors (clopidogrel, prasugrel, ticarelor)

Phenytoin Cyclosporin A Fibrinolytics (alteplase, tenecteplase)

Rifampin Diltiazem Heparins

St John’s Wort Dronedarone NSAIDs

Grapefruit components (p.e. furanocoumarins) SNRIs/SSRIs

Itraconazole Warfarin

Ketoconazole

Nelfinavir

Quinidine

Ritonavir

Tacrolimus

Verapamil

DOAC Direct oral anticoagulants, NSAIDs non-steroidal anti-inflammatory drugs, SNRIs serotonin norepinephrine reuptake inhibitors, SSRIs selective serotonin
reuptake inhibitors
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then activates factor X in factor Xa, which in turn gener-
ates thrombin from prothrombin. The initial small
amount of thrombin activates factor V, factor VIII, fac-
tor XI, and platelets, resulting in an explosive thrombin
generation (amplification). Then, the high thrombin
levels convert fibrinogen into fibrin, forming and stabil-
izing the clot (propagation) [37, 38].
Artang et al. studied the effects of rivaroxaban, apixa-

ban, and dabigatran on thrombin generation measure-
ments using the Calibrated Automated Thrombogram
(CAT) in 10 healthy male volunteers. Lag time was the
thrombin generation assay (TGA) parameter most
strongly associated with DOACS levels in all drugs. En-
dogenous thrombin potential (ETP) and thrombin peak
height were significantly reduced for both rivaroxaban
and apixaban, but not for dabigatran, with moderate and
strong correlation, respectively, with factor Xa inhibitors
levels. The authors demonstrated that thrombin peak
height was superior to ETP in predicting factor Xa in-
hibitors concentrations. It also showed nonlinear expo-
nential decay pattern, what may suggest it may be a
useful parameter to monitor factor Xa inhibitors effect
at lower concentrations [39].
Tripodi et al. performed a similar analysis using apixa-

ban and the results were consistent with those previously
reported. Apixaban altered all paramenters of CAT, in-
creasing lag time and decreasing ETP, thrombin peak
height, and velocity index. They also found that those ef-
fects were more prominent in the presence of thrombo-
modulin, an endothelial protein C activator [40].
Even though, when those parameters were tested in

APS patients randomized to receive rivaroxaban or war-
farin, rivaroxaban did not reach the noninferiority
threshold for the percentage change in ETP at day 42.
Nonetheless, peak thrombin generation was significantly
lower in rivaroxaban group, when compared to warfarin,
and no episode of recurrent thrombosis was observed
during the short follow-up period. The details of Cohen
et al. publication will be presented in the section “Ran-
domized Clinical Trials” below in this paper [32].
Some authors have proposed that DOACs may also

modulate inflammatory response. Both factor Xa and
thrombin cleave PARs (protease-activated receptor),
which are protein G-associated thrombin receptors acti-
vated by proteolysis, resulting in signal transduction, in-
flammation and thrombosis [41]. By inhibiting factor Xa
and thrombin, DOACs may block those pathologic pro-
cesses universally present in APS patients and therefore
exert anti-inflammatory, anti-fibrotic and anti-
angiogenic effects [42].
In addition, Arachchillage et al. found that patients

taking rivaroxaban presented lower levels of C3a, C5a
and SC5b-9 than those taking warfarin. There was no
difference between Bb fragment levels between groups.

These findings suggest that rivaroxaban may reduce
complement activation, especially in the classic pathway.
As complement activation plays a significant pathogenic
role in APS, the authors hypothesized that APS patients
may benefit from rivaroxaban beyond its anticoagulating
effect [43], which needs confirmation in prospective clin-
ical trials.

Investigating the presence of lupus anticoagulant in
patients using DOACs
It is widely known that different anticoagulants, such as
warfarin and other VKA, unfractionated heparin (UFH),
argatroban, lepirudin, and even some low-molecular-
weight heparins (LMWH) may interfere with the detec-
tion of LA, as they interfere with clot formation [44–46].
Merriman et al. identified that many subjects taking

rivaroxaban presented a positive LA test. Of the 32 pa-
tients randomized to rivaroxaban in their center, twenty-
one were tested for LA and 19 presented a positive
screening test. Dilute Russel’s viper venom time
(dRVVT) ratio was the test most affected by rivaroxaban.
In contrast, only two out of twenty-one had an abnormal
Kaolin clotting test, and only five out of fifteen had an
abnormal aPTT (activated partial thromboplastin time)
(Triniclot). An aPTT phospholipid correction test (STA-
Clot method), which would be expected to be positive in
the presence of true LA, was performed in twelve of the
19 positive LA subjects, with negative results in all of
them; anti-beta-2-glycoprotein I (aßGPI) and anticardio-
lipin (aCL) antibodies were within the normal range in
10 of the 12 patients. Finally, thirteen of the 19 subjects
were retested for the presence of LA after discontinu-
ation of rivaroxaban and only one tested positive. The
authors concluded that rivaroxaban might lead to false
positive LA tests, especially for dRVVT ratio, as Russel’s
viper venom is a protease that cleaves factor X into Xa
and rivaroxaban targets the factor Xa [45, 47].
The study by van Os et al. tested LA in the presence

and in the absence of an in vitro preparation of rivaroxa-
ban using three different assays: aPTT (screen PTT-LA
and confirm Actin FS), dRVVT (screen LA-1 and con-
firm LA-2), and snake venom assay (screen Taipan snake
venom time and confirm Ecarin venom time). The
addition of rivaroxaban prolonged all conventional as-
says (PTT-LA, Actin FS, LA-1 and LA-2) in all groups,
including normal pooled plasma of healthy subjects,
leading to false-positive results. While dRVVT ratio was
the most affected, aPTT ratio was only minimally influ-
enced, as both PTT-LA and Actin FS had comparable
prolongations. Rivaroxaban did not influence either Tai-
pan venom time or Ecarin time [48].
Since then, different reports evaluated the impact of

DOACs in the interpretation of LA assays. In summary,
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because of the higher prolongation of the screen dRVVT
when compared with the confirm dRVVT, dRVVT ratio
was the most affected assay, with high rates of false-
positive results, both in in vitro and in ex vivo studies. It
is noteworthy that, among factor Xa inhibitors, false-
positive LA rates were less frequent with apixaban than
with rivaroxaban (highest rates) and edoxaban. Addition-
ally, screen Taipan snake venom time (TSVP) and con-
firm Ecarin clotting time (ECT) do not seem to be
affected by the use of rivaroxaban, representing a pos-
sible alternative to dRVVT in this setting. Dabigatran in-
duced high rates of false-positive LA, similar to those
observed with rivaroxaban. Table 3 summarizes data re-
garding effect of different DOACs on different LA test-
ing [45, 46, 48–65].
In order to provide a more accurate LA analysis in pa-

tients on DOACs, Exner et al. tested an activated char-
coal product (DOAC Stop™) intended to extract DOACs
from test plasmas. They found that DOAC Stop™ was
capable of removing all types of DOACs (rivaroxaban,
apixaban, edoxaban, and dabigatran) and it corrected
false-positive dRVVT (screen, confirm and ratio) caused
by the presence of those medications [66, 67]. Other au-
thors performed similar studies with comparable results
[56, 68]. The use of the antidotes idarucizumab (mono-
clonal antibodies against dabigatran) and adexanet alfa
(recombinant human coagulation factor Xa for rivaroxa-
ban and apixaban) may be considered for testing LA in
patients using those medications, but difficulty of access
and high costs could limit this approach [47]. Góralczyk
et al. suggested another option based on their findings:
as LA was corrected after > 24 h of discontinuation of
rivaroxaban, they recommended that blood should be
drawn at least 24 h after the last dose of the drug [62].
In this matter, Douxfils et al. suggested that LA testing
should be performed preferably at trough level
(CTROUGH) (i.e. 12 or 24 h after last drug intake for bid
[dabigatran, apixaban] or qd [rivaroxaban, edoxaban]
drugs, respectively). Since invalid results may still hap-
pen, the authors state the real need for LA testing
should be carefully evaluated in these scenarios and re-
sults should be interpreted with caution [65]. Favaloro
et al. reported false positive (especially with rivaroxaban)
and false negative (especially with apixaban) LA results
in patients using DOACs [69], leading to a mistaken
diagnosis of APS.

Current evidence on the efficacy of DOACs in APS
patients
Randomized clinical trials (RCT)
To date, six trials on the use of DOACs in APS were
registered in ClinicalTrials.gov and only three of them
have been fully published.

The first published trial was the RAPS trial (Rivaroxa-
ban in AntiPhospholipid Syndrome – NCT02116036), a
prospective, randomized, controlled, non-inferiority,
phase 2/3 study of rivaroxaban 20mg once daily vs. war-
farin (INR target 2.0–3.0) in thrombotic primary or sec-
ondary APS patients. Patients with arterial events and
recurrent venous thrombosis were excluded. The au-
thors decided to use percentage change in the ETP as
the primary efficacy outcome, rather than clinical evi-
dence of thrombosis. Nonetheless, after 6 weeks, rivarox-
aban did not reach the non-inferiority laboratory
threshold, when compared to warfarin [32]. No throm-
botic episodes were registered during the follow-up
period of 6 months, even though triple positivity (defined
as positive aCL and β2GPI antibodies greater than the
99th percentile and a positive LA) was present in 20%
vs. 12% of the warfarin and rivaroxaban groups, respect-
ively. Rivaroxaban did not reach non-inferiority thresh-
old for ETP [32, 70].
Pengo et al. recently published the results of TRAPS

trial (Rivaroxaban in Thrombotic AntiphosPholipid
Syndrome – NCT02157272). It was a randomized, open-
label, multicenter, non-inferiority trial designed to evalu-
ate the efficacy of rivaroxaban 20 mg once daily (or 15
mg once daily in case of moderate renal insufficiency)
vs. warfarin INR target 2.0–3.0 in preventing thrombo-
embolic events, risk of major bleeding and vascular
death in high-risk APS patients, that is the presence of
triple positivity for LA, aCL and aß2GPI (aCL and
aß2GPI ELISA tests had to be positive for the same iso-
type). Past history of arterial events was not an exclusion
criterium. After a mean follow up of 569 days, the study
was prematurely terminated due to an excess of arterial
thrombotic events in the rivaroxaban arm (4 ischemic
strokes and 3 myocardial infarctions vs. none in the war-
farin arm). Additionally, the number of major bleeding
events was numerically higher in the rivaroxaban group
(4 vs. 2). The authors concluded that the use of rivaroxa-
ban in high-risk APS patients showed no benefits, as it
leads to an excessive risk of events [33].
ASTRO-APS (Apixaban for the Secondary Prevention

of Thrombosis Among Patients With APS –
NCT02295475) is a prospective, randomized, open-label,
blinded event, phase 4 pilot trial, comparing the efficacy
of apixaban (vs. warfarin – target INR 2.0–3.0) in the
secondary prevention of thrombosis in APS patients. Ex-
clusion criteria included previous history of arterial
events, recurrent thrombosis while receiving warfarin at
a target INR of 2–3 or history of catastrophic APS
(CAPS) [71]. After the study design was published, its
protocol was modified due to an unanticipated excessive
risk of arterial events during the first months of the trial
in the apixaban group. To address this issue, apixaban
dose was increased from 2.5 mg twice a day to 5 mg
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twice a day and the Data Safety Monitoring Board
recommended researchers to obtain a brain magnetic
resonance imaging (MRI) for all patients, excluding
from randomization those with prior silent stroke or
white matter changes disproportionate to the patient’s
age [72].
The Canadian RAPS trial (NCT02116036) is a pilot

phase 4 single-arm feasibility study evaluating, as a sec-
ondary outcome, the rates of bleeding and thrombosis in
APS patients receiving rivaroxaban 20mg once daily for
the secondary prevention of thrombosis. Patients with
arterial thrombosis and recurrent events while taking ad-
justed warfarin, rivaroxaban or dabigatran were ex-
cluded. This protocol was last update in ClinicalTrials.
gov in 2017 and its complete results were not published
to date [73]. However, in a written communication
quoted elsewhere [74], the authors state that there were
2 arterial (cerebrovascular) and 2 venous events in 129.8
patients-year of follow-up after rivaroxaban initiation
(N = 82 patients, no triple positivity included, 5 had pre-
vious history of venous thromboembolism [VTE]). While
the authors claimed that these event rates were similar
to previous warfarin studies, the absence of a control
arm and the lack of population comparability data pre-
vent a definitive conclusion to be obtained [74].
NCT02926170 was a randomized, prospective, open-

label phase 3 trial, designed to investigate the efficacy
and safety of rivaroxaban 20mg once daily (or 15 mg
once daily, if estimated GFR 30–49 mL/min) vs. aceno-
cumarol (INR target 2.0–3.0 or 2.5–3.5 in those with re-
current thrombotic episodes) for secondary thrombosis
prophylaxis in APS patients. Patients with previous ar-
terial events and recurrent thrombosis were allowed to
participate [75]. Ninety-five patients were assigned to re-
ceive rivaroxaban and 95 to receive warfarin. Around 6%
of patients in each group dropped out early. The mean
follow-up time for rivaroxaban group was 33.1 months
vs. 34.1 for warfarin group. Global AntiPhospholipid
Syndrome Score (GAPSS) was similar between groups,
but migraine and livedo racemosa were more frequent
in patients treated with rivaroxaban; 13.7% of rivaroxa-
ban patients were taking concomitant ASA (vs. 11.7% in
warfarin). Mild to moderate mitral thickening was
slightly more frequent in the rivaroxaban group (22.1 vs.
14.7%). In the per protocol analysis, overall recurrent
thrombosis rates were 11.6% in rivaroxaban arm vs. 6.3%
in warfarin arm (risk ratio [RR] 1.83 [95%CI 0.71–4.76];
p for noninferiority = 0.29; p for VKA superiority = 0.20).
Stroke occurred in 9 (9.5%) patients taking rivaroxaban
vs. 0 taking VKA (RR 19; 95%CI 1.12–321.9; p = <
0.001). In the intention to treat analysis, overall recur-
rent thrombosis rates were 12.6% in rivaroxaban group
vs. 6.3% in warfarin group (RR 2 [95%CI 0.78–5.11]; p
for noninferiority = 0.57; p for VKA superiority = 0.13).

Both overall arterial events (RR 3.67 [95%CI 1.06–12.73];
p = 0.040) and stroke (RR 21 [95%CI 1.25–353.3]; p =
0.001) were more frequent in rivaroxaban group.
Regarding safety outcomes, any bleeding, major bleeding,
nonmajor clinically relevant bleeding, and minor bleed-
ing did not differ between groups, in the as-treated ana-
lysis. In rivaroxaban-treated patients with previous
arterial events, livedo racemosa or APS-related valvopa-
thy, post hoc analysis suggested an increased risk of new
thrombotic event during follow-up. In conclusion, rivar-
oxaban could not demonstrate its non-inferiority to
VKAs in the secondary thrombosis prevention [34].
RISAPS (RIvaroxaban for Stroke patients with Anti-

Phospholipid Syndrome – NCT03684564) is a recently
registered randomized, controlled, phase 2/3, non-
inferiority trial on the use of rivaroxaban (vs. warfarin)
for the secondary prevention of stroke in APS patients
who have had previous stroke or other ischemic brain
manifestations. Rivaroxaban dose will be 15 mg twice a
day and warfarin will be administered to achieve a target
INR of 3.5 (range 3.0 to 4.0). The primary efficacy out-
come will be the rate of change in brain white matter
hyperintensity (WMH) volume on MRI, assessed on the
3D FLAIR sequence, between baseline and 24months.
The estimated completion date is October 2022 [76].
A summary of the most relevant aspects of the clinical

trials cited above can be found in Table 4.

Observational studies
Martinelli et al. enrolled consecutively 28 APS pa-
tients (13 treated with rivaroxaban and 15 with VKA)
retrieved from 672 patients with venous thrombosis
referred to their clinics. When patient switched be-
tween treatment groups, the authors recorded both
treatments as periods (i.e., one patients accounted for
1 period of rivaroxaban and 1 period of warfarin),
what led to 13 periods of rivaroxaban and 20 periods
of VKA. During follow-up, one patient taking warfarin
(incidence rate of 2.4 [95%CI 0.2–11.3] per 100 pa-
tient years) developed acute myocardial infarction and
4 taking rivaroxaban (incidence rate of 19.4 [95%CI
6.5–46.2] per 100 patient years) had recurrent throm-
bosis (1 stroke, 2 acute myocardial infarction, and 1
cerebral vein thrombosis). All of those were triple
positive. The cumulative incidence at 24 months was
42% (95% 8.3–75.7) for rivaroxaban vs. 7.1% (95%CI
1–41) for warfarin, with a HR of 7.53 (95%CI 0.84–
67.6). After 24 months, no episodes of recurrent
thrombosis were observed. The authors concluded
that there was an increased risk of recurrent throm-
bosis in triple positive patients using rivaroxaban and
that the limited experience on the use of DOACs in
treating APS cannot establish their safety in this sub-
set of patients [77].
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Dufrost et al. have recently performed a patient-level
data meta-analysis and found 447 APS patients that were
treated with DOACs (290 with rivaroxaban, 114 with
dabigatran, and 13 with apixaban). Of those, 319 patients
were derived from observational studies, including cases
series (N = 14), case reports (N = 21) and abstracts (N =
9). Seventy-three (16%) patients experienced at least one
episode of recurrent thrombotic event (28 VTE, 31 ar-
terial thromboses, and 13 small vessels thromboses) dur-
ing DOACs use, with a mean duration until thrombosis
of 12.5 months. When triple positive patients were ana-
lyzed separately, recurrence rate was 56% (mean dur-
ation until thrombosis: 16.1 months); triple positivity
(OR = 4.3; 95%CI 2.3–7.7; p < 0.001) was associated with
a higher risk of recurrent thrombosis. A higher number
of clinical APS classification criteria and the positivity
for aCL or aβ2GPI were also associated with a signifi-
cantly higher recurrence risk. In the anti-Xa subgroup
analysis, male gender (p = 0.026), history of arterial
(OR = 2.8; 95%CI 1.4–5.7; p = 0.006), small vessels
thrombosis (OR = 5.3; 95%CI 1.2–23.2; p = 0.028), and
triple positivity (OR = 6.9; 95%CI 3.4–13.9; p < 0.001)
were associated with higher rates of recurrence. In the
dabigatran subgroup analysis, no differences regarding
previous events or antibodies profile were observed be-
tween groups [78].
One relevant finding that must be stressed is that

patients with recurrence of thrombosis on DOACs
were more likely to have a past history of recurrence
during VKA treatment, maybe representing a sub-
group of APS that has a higher probability of recur-
rence, irrespective of the anticoagulant therapy
prescribed. Due to the aforementioned data, the au-
thors concluded that DOACs are not effective in all
APS patients and should not be routinely prescribed
to this subset of patients [65].
Additional relevant studies have been published since

this meta-analysis was performed. Sato et al. reported
the results of a longitudinal cohort that included 206
APS patients, with 18 patients who were treated with
anti-factor Xa therapy (5 rivaroxaban, 12 edoxaban, 1
apixaban). When compared to warfarin, event-free sur-
vival (thrombotic and hemorrhagic events) was signifi-
cantly shorter in the anti-Xa therapy group (HR 12.1;
95%CI 1.73–248; p = 0.01). When compared to control
group (warfarin patients selected from the same cohort,
matched by age, gender, SLE coexistence, and concomi-
tant antiplatelet therapy), event-free survival was also
significantly shorter in anti-Xa patients (HR 4.62; 95%CI
1.54–13.6; p = 0.0075). In the multivariate analysis, re-
sults remained unchanged (HR 11.9; 95%CI 2.93–56;
p = 0.0005) [79] Malec et al. investigated 82 APS patients
(56 have previously been reported) who used DOACs
(36 rivaroxaban, 42 apixaban, and 4 dabigatran), which

were initiated after at least 3 months of anticoagulant
therapy. Median follow-up was 45 [29–55] months (vs.
62 [50–63, 65–67] in warfarin group). DOACs group
was compared with 94 patients using warfarin, regarding
thrombotic and hemorrhagic events. Patients treated
with DOACs had an increased risk of recurrent
thromboembolic events and recurrent VTE alone. No
differences were found when filtered by DOACs type
(rivaroxaban and apixaban) or aPL status (single, double
or triple positivity). Thrombotic events were associated
with older age and higher GAPSS. The authors also re-
ported an increased risk of bleeding in the DOACs
group, but statistically significant difference was lost
when excluded heavy menstrual bleeding or when ana-
lyzed only gastrointestinal bleeding [80]. Both studies
aforementioned concluded that DOACs are, overall, less
safe than warfarin in APS patients.
Regarding costs, Ciampa et al. performed a compari-

son between warfarin and a hypothetical use of rivaroxa-
ban. Taking into account number of visits, number of
laboratory tests for monitoring warfarin and the direct
cost of both anticoagulants, the authors concluded that
switching to rivaroxaban would increase the costs in
48%, for a 69% of time in therapeutic range. There are
limitations related with indirect costs, time to target
therapeutic range and differences in recurrent throm-
bosis or bleeding episodes on warfarin versus rivaroxa-
ban during follow up [81].
Another APS subgroups that need consideration in

this review are those with APS-related cardiac valvular
disease and patients with microthrombotic disease. To
date, we do not have studies in these specific subsets of
disease. Extrapolating data on AFib, DOACs are not ap-
proved to treat valvular AFib [1–5]. Additionally, there
is one letter that reported a 39 year-old female patient
that developed CAPS after switching from warfarin to
rivaroxaban [82].
All major DOAC trials excluded pregnant patients.

There are evidences that these drugs can cross the pla-
centa, raising concerns of embryopathy and adverse ef-
fects on fetal and neonatal coagulation [83]. There are
no clinical trials of DOACs in APS pregnant patients.
Regarding the use of rivaroxaban during breastfeeding,

three observational studies have been published to date,
only one with an APS patient. In all of them, rivaroxa-
ban concentrations in breast milk were quite low, but
caution should be taken until clearer safety data are pub-
lished [84–86]. Studies about dabigatran, apixaban or
edoxaban concentrations in breast milk are still lacking.

APS treatment guidelines
European League Against Rheumatism (EULAR) recom-
mendations for the treatment of APS were recently pub-
lished and incorporated guidance on the use of DOACs
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in APS patients. The authors stated that rivaroxaban
should not be used in triple-positive patients (Level of
evidence 1b/Grade of recommendation B). However, it
may be considered in cases that INR target is not
achieved despite good adherence to VKA or in the pres-
ence of contraindications (allergy or intolerance) (Level
of evidence 5/Grade of recommendation D). This latter
recommendation was based in two aforementioned stud-
ies [30, 32] in this review, that reported no excessive risk
of recurrent thrombosis, but samples were small, high-
risk patients were under-represented, and follow-up was
short. Overall level of agreement for this recommenda-
tion was 9.1 (range 0–10) [87].
American Society of Hematology (ASH) and

American College of Chest Physicians (ACCP) recom-
mendations for the treatment of venous thrombo-
embolism made no specific recommendation
regarding DOACs use in APS [88, 89].

Comments on switching DOACs to VKA
ASH guidelines provided some insights on how pa-
tients should be transitioned from DOACs to VKA.
The recommendations were based on AFib, not DVT/
PE, studies [88].
In patients with low-risk of recurrent VTE, VKA

should be initiated on top of DOAC use. VKA dose
should be titrated until target INR is achieved and, after
that, DOAC should be withdrawn and VKA maintained
in the same dose, until new INR evaluation. As DOACs
may lead to spurious INR elevations, INR should be
tested at DOAC-specific drug trough levels (i.e., 12 h
after last dose of dabigatran or apixaban or 24 h after last
dose of rivaroxaban or edoxaban). This can be easily ac-
complished by measuring INR right before next DOAC
dose [88].
On the other hand, in patients with high-risk of recur-

rent VTE, DOAC should be replaced by LMWH or UFH
bridging therapy. Then, VKA should be overlapped with
LMWH or UFH until INR target is achieved. Patient’s
preference and ability to afford injections should be
taken into account when opting for this strategy [88].

Position statement

� As both dRVVT and aPTT ratios may be influenced
by the presence of DOACs, LA testing during
DOACs use may lead to false-positive results, except
if screen Taipan snake venom time and confirm
Ecarin clotting time are available. The need for LA
testing should be evaluated carefully in patients
using DOACs. If LA is performed, blood collection
should be performed at trough level (i.e., minimum
concentration before next dose), which means 12 h
after last dabigatran and apixaban dose and 24 h

after last rivaroxaban or edoxaban dose. If a patient
tests positive for LA during the use of DOACs, it
may represent a false-positive result and the diagno-
sis of APS should rely on clinical features and aCL
and aß2GPI immunoassays;

� aCL and aß2GPI immunoassays are not expected to
be influenced by DOACs use and, therefore, are
preferred for diagnosing APS in patients on DOACs;

� Based on the presented data, the gold standard
treatment for APS patients is still VKA and these
patients should not be routinely treated with
rivaroxaban. Our opinion is that dabigatran,
apixaban and edoxaban also should not be routinely
used to treat APS patients, since no efficacy and
safety data are available to date;

� APS patients with triple positivity and/or a history of
arterial events should not be treated with rivaroxaban.
These statements may also be applicable for
dabigatran, apixaban or edoxaban, since no efficacy
and safety data are available to date;

� In the setting of low recurrence risk (single venous
event and absence of triple positivity/low risk
antibody profile), DOACs may be considered for
secondary prophylaxis in patients who refuse to take
VKA, are allergic or intolerant to VKA compounds
or have difficult or poor anticoagulant control
despite good adherence.

� In patients with APS-related cardiac valvular disease
or microthrombotic disease, we believe warfarin is
the most appropriate treatment, and dabigatran, riv-
aroxaban, apixaban and edoxaban should not be
used, since there is no efficacy data available and
there is a report of possible harm;

� There are no published studies considering the
efficacy of DOACs in primary thromboprophylaxis
of APS (i.e., in patients with positive
antiphospholipid antibody testing but without
thrombotic manifestations of the syndrome) or in
pregnant APS patients. We do not recommend the
use of DOACs in these scenarios;

� Currently, we consider good practice switching APS
patients taking DOACs to VKA compounds,
provided no intolerance or contraindications exist
for the later. In general, this can be achieved by
overlapping warfarin with DOAC until the INR is in
the therapeutic range. In patients receiving direct
factor Xa inhibitors (rivaroxaban, apixaban,
edoxaban), it is important to test the INR right
before the next dose (trough levels) to minimize the
risk of spurious INR elevations. In high-risk patients,
one can consider a transient switch from DOAC to
LMWH or UFH as a “bridging therapy” while the
initial VKA treatment is adjusted and until the target
INR is achieved.
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Conclusion
DOACs should not be routinely used in APS patients,
especially in those with a high-risk profile (triple positiv-
ity to aPL, arterial thrombosis, and recurrent thrombotic
events). In addition, DOACs interferes with LA testing,
leading to false-positive results in patients investigating
APS.

Abbreviations
aßGPI: anti-beta-2-glycoprotein I; aCL: anticardilipin; AFib: atrial fibrillation;
aPL: antiphospholipid antibodies; APS: antiphospholipid syndrome;
aPTT: activated partial thromboplastin time; ASTRO-APS: Apixaban for the
Secondary Prevention of Thrombosis Among Patients With APS; BID: twice
daily; CAPS: catastrophic antiphospholipid syndrome; DOACs: direct oral
anticoagulants; dRVVT: dilute Russel’s viper venom time; DVT: deep vein
thrombosis; ECT: Ecarin clotting time; FDA: Food and Drug Administration;
GFR: glomerular filtration rate; INR: international normalized ratio; LA: lupus
anticoagulant; LMWH: low-molecular-weight heparin; MRI: magnetic
resonance imaging; PAR: protease-activated receptor; PE: pulmonary
embolism; QD: once daily; RAPS: Rivaroxaban in AntiPhospholipid Syndrome;
RISAPS: Rivaroxaban for Stroke patients with AntiPhospholipid Syndrome;
TRAPS: Rivaroxaban in Thrombotic Antiphospholipid Syndrome; TSVP: Taipan
snake venom time; UFH: unfractionated heparin; VKA: vitamin K antagonists;
VTE: venous thromboembolism; WMH: white matter hyperintensity

Acknowledgements
None.

Authors’ contributions
All of the authors provided critical review, relevant edits, and feedback to
direct content during multiple rounds of review. In addition, all authors have
read and approved the final version of this manuscript.

Authors’ information
All authors of this position statement are members of the Antiphospholipid
Syndrome Committee of the Brazilian Society of Rheumatology. DA is also a
member of the Antiphospholipid Syndrome Alliance for Clinical Trials &
International Networking (APS ACTION).

Funding
None.

Availability of data and materials
Not applicable.

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1Serviço de Reumatologia, Hospital Universitário, Universidade Federal de
Juiz de Fora (UFJF), Av. Eugênio do Nascimento, s/n - Dom Bosco, Juiz de
Fora, MG 36038-330, Brazil. 2Serviço de Reumatologia, Hospital Federal dos
Servidores do Estado (HFSE), Rio de Janeiro, RJ, Brazil. 3Serviço de
Reumatologia, Departamento de Medicina Interna, Hospital de Clínicas de
Porto Alegre (HCPA), Universidade Federal do Rio Grande do Sul (UFGRS),
Porto Alegre, RS, Brazil. 4Serviço de Reumatologia, Hospital de Clínicas,
Universidade Federal do Paraná (UFPR), Curitiba, PR, Brazil. 5Serviço de
Reumatologia, Universidade Federal da Bahia (HUPES) e Escola Baiana de
Medicina e Saúde Pública, Salvador, BA, Brazil. 6Serviço de Reumatologia,
Escola de Medicina, Pontifícia Universidade Católica do Rio Grande do Sul
(PUCRS), Porto Alegre, RS, Brazil. 7Serviço de Reumatologia, Faculdade de
Medicina, Universidade Federal de Goiás (UFG), Goiânia, GO, Brazil. 8Disciplina

de Reumatologia, Faculdade de Medicina, Universidade de São Paulo (USP),
São Paulo, SP, Brazil.

Received: 28 October 2019 Accepted: 8 April 2020

References
1. Connolly SJ, Ezekowitz MD, Yusuf S, Eikelboom J, Oldgren J, Parekh A, et al.

Dabigatran versus warfarin in patients with atrial fibrillation. N Engl J Med.
2009;361:1139–51.

2. Connolly SJ, Eikelboom J, Joyner C, Diener H-C, Hart R, Golitsyn S, et al.
Apixaban in patients with atrial fibrillation. N Engl J Med. 2011;364:806–17.

3. Patel MR, Mahaffrey KW, Garg J, Pan G, Singer DE, Hacke W, et al.
Rivaroxaban versus warfarin in nonvalvular atrial fibrillation. N Engl J Med.
2011;365:883–91.

4. Giugliano RP, Ruff CT, Braunwald E, Murphy SA, Wiviott SD, Halperin JL, et al.
Edoxaban versus warfarin in patients with atrial fibrillation. N Engl J Med.
2013;369:2093–104.

5. Granger CB, Alexander JH, McMurray JJ, Lopes RD, Hylek EM, Hanna M, et al.
Apixaban versus warfarin in patients with atrial fibrillation. N Engl J Med.
2011;365:981–92.

6. Bauersachs R, Berkowitz SD, Brenner B, Buller HR, Decousus H, Gallus AS,
et al. Oral rivaroxaban for symptomatic venous thromboembolism. N Engl J
Med. 2010;363:2499–510.

7. Agnelli G, Büller HR, Cohen A, Curto M, Gallus AS, Johnson M, et al. Oral
apixaban for the treatment of acute venous thromboembolism. N Engl J
Med. 2013;369:799–808.

8. Büller HR, Decousus H, Grosso MA, Mercuri M, Middeldorp S, Prins MH, et al.
Edoxaban versus warfarin for the treatment of symptomatic venous
thromboembolism. N Engl J Med. 2013;369:1406–15.

9. Schulman S, Kearon C, Kakkar AK, Schellong S, Eriksson H, Baanstra D, et al.
Extended use of dabigatran, warfarin, or placebo in venous
thromboembolism. N Engl J Med. 2013;368:709–18.

10. Büller HR, Prins MH, Lensing AW, Decousus H, Jacobson BF, Minar E, et al.
Oral rivaroxaban for the treatment of symptomatic pulmonary embolism. N
Engl J Med. 2012;366:1287–97.

11. Turpie AGG, Lassen MR, Davidson BL, Bauer KA, Gent M, Kwong LM, et al.
Rivaroxaban versus enoxaparin for thromboprophylaxis after total knee
arthroplasty (RECORD4): a randomised trial. Lancet [Internet]. 2009; 373:
1673–80. Available from: https://doi.org/10.1016/S0140-6736(09)60734-0.

12. Goldhaber SZ, Leizorovicz A, Kakkar AK, Haas SK, Merli G, Knabb RM, et al.
Apixaban versus enoxaparin for thromboprophylaxis in medically ill patients.
New Engl J Med. 2011;365:2167–77.

13. Cohen A, Spiro TE, Büller HR, Haskell L, Hu D, Hull R, et al. Rivaroxaban for
thromboprophylaxis in acutely ill medical patients. N Engl J Med. 2013;368:
513–23.

14. Cohen AT, Harrington RA, Goldhaber SZ, Hull RD, Wiens BL, Gold A, et al.
Extended thromboprophylaxis with betrixaban in acutely ill medical
patients. N Engl J Med. 2016;375:534–44.

15. Gosselin RC, Adcock DM, Bates SM, Douxfils J, Favaloro EJ, Gouin-Thibault I,
et al. International Council for Standardization in Haematology (ICSH)
recommendations for laboratory measurement of direct oral anticoagulants.
Thromb Haemost. 2018;118:437–50.

16. Boehringer-Ingelheim. Pradaxa [package insert]. Available in: https://docs.
boehringer-ingelheim.com/Prescribing%20Information/PIs/Pradaxa/Pradaxa.
pdf. Last update: Nov 2019. Accessed 19 Mar 2020.

17. Janssen Pharmaceutica. Xarelto [package insert]. Available in: http://www.
janssenlabels.com/package-insert/product-monograph/prescribing-
information/XARELTO-pi.pdf. Last update: Marc 2020. Accessed 19 Mar 2020.

18. Bristol-Myers-Squibb. Eliquis [package insert]. Available in: https://
packageinserts.bms.com/pi/pi_eliquis.pdf. Last update: Nov 2019. Accessed
19 Mar 2020.

19. Daiichi Sankyo. Savaysa [package insert]. Available in: https://dsi.com/
prescribing-information-portlet/getPIContent?productName=
Savaysa&inline=true. Last update: Aug 2019. Accessed 19 Mar 2020.

20. Vazquez SR. Drug-drug interactions in an era of multiple anticoagulants: a
focus on clinically relevant drug interactions. Blood. 2018;132:2230–9.

21. Vranckx P, Valgimigli M, Heidbuchel H. The significance of drug – drug and
drug – food interactions of oral anticoagulation. Arrhythmia Electrophysiol
Rev. 2018;7:55–61.

Balbi et al. Advances in Rheumatology           (2020) 60:29 Page 12 of 14

https://doi.org/10.1016/S0140-6736(09)60734-0
https://docs.boehringer-ingelheim.com/Prescribing%20Information/PIs/Pradaxa/Pradaxa.pdf
https://docs.boehringer-ingelheim.com/Prescribing%20Information/PIs/Pradaxa/Pradaxa.pdf
https://docs.boehringer-ingelheim.com/Prescribing%20Information/PIs/Pradaxa/Pradaxa.pdf
http://www.janssenlabels.com/package-insert/product-monograph/prescribing-information/XARELTO-pi.pdf
http://www.janssenlabels.com/package-insert/product-monograph/prescribing-information/XARELTO-pi.pdf
http://www.janssenlabels.com/package-insert/product-monograph/prescribing-information/XARELTO-pi.pdf
https://packageinserts.bms.com/pi/pi_eliquis.pdf
https://packageinserts.bms.com/pi/pi_eliquis.pdf
https://dsi.com/prescribing-information-portlet/getPIContent?productName=Savaysa&inline=true
https://dsi.com/prescribing-information-portlet/getPIContent?productName=Savaysa&inline=true
https://dsi.com/prescribing-information-portlet/getPIContent?productName=Savaysa&inline=true


22. Chang S-H, Chou I-J, Yeh Y-H, Chiou M-J, Wen M-S, Kuo C-T, et al.
Association between use of non–vitamin K oral anticoagulants with and
without concurrent medications and risk of major bleeding in nonvalvular
atrial fibrillation. JAMA. 2017;318:1250–9.

23. Barr D, Epps QJ. Direct oral anticoagulants: a review of common medication
errors. J Thromb Thrombolysis [Internet] 2018;47:146–54. Available from:
https://doi.org/10.1007/s11239-018-1752-9.

24. Eikelboom JW, Connolly SJ, Bosch J, Dagenais GR, Hart RG, Shestakovska O,
et al. Rivaroxaban with or without aspirin in stable cardiovascular disease. N
Engl J Med. 2017;377:1319–30.

25. Chighizola C, Moia M, Meroni P. New oral anticoagulants in thrombotic
antiphospholipid syndrome. Lupus. 2014;23:1279–82.

26. Arachchillage DJ, Cohen H. Use of new oral anticoagulants in
antiphospholipid syndrome. Curr Rheumatol Rep. 2013;15:331.

27. Sciascia S, Lopez-Pedrera C, Cecchi I, Pecoraro C, Roccatello D, Cuadrado MJ.
Non-vitamin K antagonist oral anticoagulants and antiphospholipid
syndrome. Rheumatology. 2016;55:1726–35.

28. Signorelli F, Balbi GGM, Domingues V, Levy RA. New and upcoming
treatments in antiphospholipid syndrome: a comprehensive review.
Pharmacol Res. 2018;133.

29. van Es N, Büller HR. Using direct oral anticoagulants (DOACs) in cancer and
other high-risk populations. Hematol Am Soc Hematol Educ Progr. 2015;
2015:125–31.

30. Goldhaber SZ, Eriksson H, Kakkar A, Schellong S, Feuring M, Fraessdorf M,
et al. Efficacy of dabigatran versus warfarin in patients with acute venous
thromboembolism in the presence of thrombophilia: findings from RE-
COVER, RE-COVER II, and RE-MEDY. Vasc Med. 2016;21:506–14.

31. Cohen H, Efthymiou M, Isenberg DA. Use of direct oral anticoagulants in
antiphospholipid syndrome. J Thromb Haemost. 2018;16:1028–39.

32. Cohen H, Hunt BJ, Efthymiou M, Arachchillage DRJ, Mackie IJ, Clawson S,
et al. Rivaroxaban versus warfarin to treat patients with thrombotic
antiphospholipid syndrome, with or without systemic lupus erythematosus
(RAPS): a randomised, controlled, open-label, phase 2/3, non-inferiority trial.
Lancet Haematol [Internet] 2016;3:e426–36. Available from: https://doi.org/
10.1016/S2352-3026(16)30079-5.

33. 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.

34. Ordi-Ros J, Sáez-Comet L, Pérez-Conesa M, Vidal X, Riera-Mestre A,
Castro-Salomó A, et al. Rivaroxaban versus vitamin K antagonist in
antiphospholipid syndrome. A randomized noninferiority trial. Ann
Intern Med. 2019. Online ahead of print. https://doi.org/10.7326/M19-
0291.

35. Andrade D, Tektonidou M. Emerging therapies in antiphospholipid
syndrome. Curr Rheumatol Rep. 2016;18:22.

36. Carvalho JF, Andrade DCO, Levy RA. Direct oral anticoagulants in
antiphospholipid syndrome. Rev Bras Reumatol (English Ed [Internet]. 2016;
56:469–70. Available from: https://doi.org/10.1016/j.rbre.2016.09.006.

37. Leung LLK. Overview of hemostasis. In: UpToDate, Post, TW (Ed), UpToDate,
Waltham, MA, 2020.

38. Rapaport SI, Rao LV. The tissue factor pathway: how it has become a "prima
ballerina". Thromb Haemost. 1995;74:7.

39. Artang R, Anderson M, Riley P, Nielson JD. Assessment of the effect of direct
oral anticoagulants dabigatran, rivaroxaban, and apixaban in healthy male
volunteers using a thrombin generation assay. Res Pract Thromb Haemost.
2017;1:194–201.

40. Tripodi A, Padovan L, Chantarangkul V, Scalambrino E, Testa S, Peyvandi F.
How the directo oral anticoagulants apixaban affects thrombin generation
parameters. Thromb Res. 2015;135:1186–90.

41. Willis R, Cohen H, Giles I, Knight J, Krilis S, Rahman A, et al. Mechanisms of
antiphospholipid antibody-mediated thrombosis. In: Erkan D, Lockshin M,
editors. Antiphospholipid syndrome current research highlights and clinical
insights. New York: Springer International Publishing AG; 2017. p. 77–116.

42. Alberio L. The new direct oral anticoagulants in special indications.
Rationale and preliminary data in cancer, mechanical heart valves, APS, HIT,
and beyond. Semin Hematol [Internet]. 2014;51:152–6. Available from:
https://doi.org/10.1053/j.seminhematol.2014.03.002.

43. Arachchillage DRJ, Mackie IJ, Efthymiou M, Chitolie A, Hunt BJ, Isenberg DA,
et al. Rivaroxaban limits complement activation compared with warfarin in
antiphospholipid syndrome patients with venous thromboembolism. J
Thromb Haemost. 2016;14:2177–86.

44. Miyakis S, Lockshin MD, Atsumi T, Derksen RHWM, Groot PGDE, Koike T,
et al. International consensus statement on an update of the classification
criteria for definite antiphospholipid syndrome. J Thromb Haemost. 2006;
4(2):295–306.

45. 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.

46. Halbmayer W-M, Weigel G, Quehenberger P, Tomasits J, Haushofer AC,
Aspoeck G, et al. Interference of the new oral anticoagulant dabigatran. Clin
Chem Lab Med. 2012;50:1601–5.

47. Favaloro EJ. The Russell viper venom time (RVVT) test for investigation of
lupus anticoagulant (LA). Am J Hematol. 2019;94:1290–6.

48. van Os G, de Laat B, Kamphuisen P, Meijers J, de Groot P. Detection of
lupus anticoagulant in the presence of rivaroxaban using Taipan snake
venom time. J Thromb Haemost. 2011;9:1657–9.

49. Gosselin R, Grant RP, Adcock DM. Comparison of the effect of the anti-Xa
direct oral anticoagulants apixaban, edoxaban, and rivaroxaban on
coagulation assays. Int J Lab Hematol. 2016;38:505–13.

50. Pouplard C, Vayne C, Berthomet C, Guery E, Delahousse B, Gruel Y. The
Taipan snake venom time can be used to detect lupus anticoagulant in
patients treated by rivaroxaban. Int J Lab Hematol. 2017;39:e60–3.

51. 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.

52. Antovic A, Norberg E, Berndtsson M, Rasmuson A, Malmström RE,
Skeppholm M. Effects of direct oral anticoagulants on lupus anticoagulant
assays in a real-life setting. Thromb Haemost. 2017;117:1700–4.

53. Seheult JN, Meyer MP, Bontempo FA, Chibisov I. The effects of indirect- and
direct-acting anticoagulants on lupus anticoagulant assays a large ,
retrospective study at a coagulation reference laboratory. Am J Clin Pathol.
2017;147:632–40.

54. 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 [internet]. 2018;165:101–6. Available from:
https://doi.org/10.1016/j.thromres.2018.03.009.

55. Hillarp A, Strandberg K, Baghaei F, Blixter IF, Gustafsson KM, Lindahl TL, et al.
Effects of the oral, direct factor Xa inhibitor edoxaban on routine
coagulation assays, lupus anticoagulant and anti-Xa assays. Scand J Clin lab
invest [internet]. 2018;78:575–83. Available from: https://doi.org/10.1080/
00365513.2018.1522664.

56. 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.

57. Martinuzzo M, Forastiero R, Duboscq C, Barrera L, López M, Ceresetto J, et al.
False-positive lupus anticoagulant results by DRVVT in the presence of
rivaroxaban even at low plasma concentrations. Int J Lab Hematol. 2018.
https://doi.org/10.1111/ijlh.12865. [Epub ahead of print].

58. HIllarp A, Gustafsson K, Faxalv L, Strandberg K, Bachaei F, Fagerberg
Blixter I, et al. Effects of the oral, direct factor Xa inhibitor apixaban on
routine coagulation assays and anti-FXa assays. J Thromb Haemost.
2014;12:1545–53.

59. Kim Y, Gosselin R, van Cott E. The effects of dabigatran on lupus
anticoagulant diluted plasma thrombin time, and other specialized
coagulation assays. Int J Lab Hematol. 2015;37:e81–4.

60. Arachchillage D, Mackie I, Efthymiou M, Isenberg D, Machin S, Cohen H.
Interactions between rivaroxaban and antiphospholipid antibodies in
thrombotic antiphospholipid syndrome. J Thromb Haemost. 2015;13:1264–73.

61. Bonar R, Favaloro EJ, Mohammed S, Pasalic L, Sioufi J, Marsden K. The effect
of dabigatran on haemostasis tests: a comprehensive assessment using
in vitro and ex vivo samples. Pathology. 2015;47:355–64.

62. Góralczyk T, Iwaniec T, Wypasek E, Undas A, Go T. False-positive lupus
anticoagulant in patients receiving rivaroxaban : 24 h since the last dose are
needed to exclude antiphospholipid syndrome. Blood Coagul Fibrinolysis.
2015;26:473–5.

63. 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.

64. Martinuzzo ME, Barrera LH, D'Adamo MA, Otaso JC, Gimenez MI,
Oyhamburu J. Frequente false-positive results of lupus anticoagulant tests in
plasma of patients receiving the new oral anticoagulants and enoxaparin.
Int J Lab Hematol. 2014;36:144–50.

Balbi et al. Advances in Rheumatology           (2020) 60:29 Page 13 of 14

https://doi.org/10.1007/s11239-018-1752-9
https://doi.org/10.1016/S2352-3026(16)30079-5
https://doi.org/10.1016/S2352-3026(16)30079-5
https://doi.org/10.7326/M19-0291
https://doi.org/10.7326/M19-0291
https://doi.org/10.1016/j.rbre.2016.09.006
https://doi.org/10.1053/j.seminhematol.2014.03.002
https://doi.org/10.1016/j.thromres.2018.03.009
https://doi.org/10.1080/00365513.2018.1522664
https://doi.org/10.1080/00365513.2018.1522664
https://doi.org/10.1111/ijlh.12865


65. Douxfils J, Ageno W, Samama C-M, Lessire S, Ten Cate H, Verhamme P, et al.
Laboratory testing in patients treated with direct oral anticoagulants: a
practical guide for clinicians. J Thromb Haemost. 2018;16:209–19.

66. Exner T, Michalopoulos N, Pearce J, Xavier R, Ahuja M. Simple method
for removing DOACs from plasma samples. Thromb Res. 2018;163:
117–22.

67. Exner T, Ahuja M, Ellwood L. Effect of an activated charcoal product (DOAC
stop™) intended for extracting DOACs on various other APTT-prolonging
anticoagulants. Clin Chem Lab Med. 2019;57:690–6.

68. Ząbczyk M, Kopytek M, Natorska J, Undas A. The effect of DOAC-stop
on lupus anticoagulant testing in plasma samples of venous
thromboembolism patients receiving direct oral anticoagulants. Clin
Chem Lab Med. 2019;57:1374–81.

69. Favaloro EJ, Mohammed S, Curnow J, Pasalic L. Laboratory testing for
lupus anticoagulant (LA) in patients taking direct oral anticoagulant
(DOACs): potential for false positives and false negatives. Pathology.
2019;51:292–300.

70. Urbanus RT. Rivaroxaban to treat thrombotic antiphospholipid syndrome.
Lancet Haematol [Internet]. 2016;3:e403–4. Available from: https://doi.org/10.
1016/S2352-3026(16)30107-7.

71. Woller SC, Stevens SM, Kaplan DA, Branch DW, Aston VT, Wilson EL, et al.
Apixaban for the secondary prevention of thrombosis among patients with
antiphospholipid syndrome: study rationale and design (ASTRO-APS). Clin
Appl Thromb Hemost. 2016;22:239–47.

72. Woller SC, Stevens SM, Kaplan DA, Rondina MT. Protocol modification
of apixaban for the secondary prevention of thrombosis among
patients with antiphospholipid syndrome study. Clin Appl Thromb
Hemost. 2018;24:192.

73. Legault KJ, Crowther MA. Rivaroxaban for antiphospholipid antibody
syndrome (RAPS) [Internet]. [cited 2019 Aug 14]. Available from: https://
clinicaltrials.gov/ct2/show/NCT02116036.

74. Skeith L. Anticoagulating patients with high-risk acquired thrombophilias.
Blood. 2018;132:2219–30.

75. Cortes J. Rivaroxaban for patients with antiphospholipid syndrome
(NCT02926170) [Internet]. [cited 2019 Aug 14]. Available from: https://
clinicaltrials.gov/ct2/show/NCT02926170.

76. Cohen H. Rivaroxaban for stroke patients with antiphospholipid syndrome
(RISAPS) [Internet]. [cited 2019 Aug 14]. Available from: https://clinicaltrials.
gov/ct2/show/NCT03684564?te.

77. Martinelli I, Abbattista M, Bucciarelli P, Tripodi A, Artoni A, Gianniello F,
et al. Recurrent thrombosis in patients with antiphospholipid antibodies
treated with vitamin K antagonists or rivaroxaban. Haematologica. 2018;
103:e317.

78. Dufrost V, Risse J, Reshetnyak T, Satybaldyeva M, Du Y, Yan X, et al.
Increased risk of thrombosis in antiphospholipid syndrome patients treated
with direct oral anticoagulants. Results from an international patient-level
data meta-analysis. Autoimmun rev [internet]. 2018;17:1011–21. Available
from: https://doi.org/10.1016/j.autrev.2018.04.009.

79. Sato T, Nakamura H, Fujieda Y, Ohnishi N, Abe N, Kono M, et al. Factor
Xa inhibitors for preventing recurrent thrombosis in patients with
antiphospholipid syndrome: a longitudinal cohort study. Lupus. 2019;28:
1577–82.

80. Malec K, Broniatowska E, Undas A. Direct oral anticoagulants in patients
with antiphospholipid syndrome: a cohort study. Lupus. 2020;29:37–44.

81. Ciampa A, Salapete C, Vivolo S, Ames PRJ. Oral anticoagulation cost in
primary antiphospholipid syndrome: comparison between warfarin and
hypothetical rivaroxaban. Blood Coagul Fibrinolysis. 2018;29:135–8.

82. Crowley MP, Cuadrado MJ, Hunt BJ. Catastrophic antiphospholipid
syndrome on switching from warfarin to rivaroxaban. Thromb Res. 2017;153:
37–9.

83. Bapat P, Pinto L, Lubetsky A, Berger H, Koren G. Rivaroxaban transfer across
the dually perfused isolated human placental cotyledon. Am J Obstet
Gynecol. 2015;213:710.e1–6.

84. Saito J, Kaneko K, Yakuwa N, Kawasaki H, Yamatani A, Murashima A.
Rivaroxaban concentration in breast milk during breastfeeding: a case study.
Breastfeed Med. 2019;14:748–51.

85. Muysson M, Marshall K, Datta P, Rewers-Felkins K, Baker T, Hale TW.
Rivaroxaban treatment in two breastfeeding mothers: a case series.
Breastfeed Med. 2020;15:41–3.

86. Wiesen MHJ, Blaich C, Müller C, Streichert T, Pfister R, Michels G. The direct
factor Xa inhibitor rivaroxaban passes into breast milk. Chest. 2016;150:e1–4.

87. 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.

88. Witt DM, Nieuwlaat R, Clark NP, Ansell J, Holbrook A, Skov J, et al. American
Society of Hematology 2018 guidelines for management of venous
thromboembolism: optimal management of anticoagulation therapy. Blood
Adv. 2019;2(22):3257–91.

89. Kearon C, Akl EA, Ornelas J, Blaivas A, Jimenez D, Bounameaux H, et al.
Antithrombotic therapy for VTE disease. CHEST guideline and expert panel
report. Chest. 2016;149:315–52.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Balbi et al. Advances in Rheumatology           (2020) 60:29 Page 14 of 14

https://doi.org/10.1016/S2352-3026(16)30107-7
https://doi.org/10.1016/S2352-3026(16)30107-7
https://clinicaltrials.gov/ct2/show/NCT02116036
https://clinicaltrials.gov/ct2/show/NCT02116036
https://clinicaltrials.gov/ct2/show/NCT02926170
https://clinicaltrials.gov/ct2/show/NCT02926170
https://clinicaltrials.gov/ct2/show/NCT03684564?te
https://clinicaltrials.gov/ct2/show/NCT03684564?te
https://doi.org/10.1016/j.autrev.2018.04.009

	Abstract
	Background
	Methodology
	Position statement
	Conclusion

	Background
	Questions to explore
	Methodology
	Literature review and analysis
	Mechanism of action
	Investigating the presence of lupus anticoagulant in patients using DOACs
	Current evidence on the efficacy of DOACs in APS patients
	Randomized clinical trials (RCT)
	Observational studies
	APS treatment guidelines

	Comments on switching DOACs to VKA

	Position statement
	Conclusion
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Authors’ information
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

