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Abstract
Background: The use of direct oral anticoagulants (DOACs) is a convenient therapeu-
tic option for patients at risk of thrombosis. DOACs interfere with clot- based testing 
for the identification of lupus anticoagulant antibodies (LACs) in patients with an-
tiphospholipid syndrome (APS), a common cause of acquired thrombotic disease.
Objectives: To evaluate a commercially available reagent DOAC- Stop for the removal 
of DOAC interference encountered in LAC testing.
Patients/Methods: We collected a cohort of 73 test samples from patients on 
DOAC therapy identified at a large institutional coagulation laboratory from March 
to December 2019, along with samples from 40 LAC positive and negative control 
patients not on therapy. Samples were treated with DOAC- Stop and tested for anti-
 Xa activity and thrombin time for the removal of apixaban, rivaroxaban, argatroban, 
and dabigatran activity from patient samples. Treated and untreated samples were 
tested using the activated partial thromboplastin time, silica clotting time, and dilute 
Russell’s viper venom time to evaluate the reliability and utility of DOAC- Stop.
Results: DOAC- Stop markedly reduced DOAC interference from test samples (P < .05). 
DOAC- Stop had no effect on LAC testing in the absence of DOAC therapy, permitting 
the identification of all LAC positive and negative controls. DOAC- Stop removed false 
positives and false negatives resulting from DOAC interference and allows the identi-
fication of patients meeting criteria for the diagnosis of APS by LAC testing, as well as 
the detection of patients on rivaroxaban who are triple positive for APS.
Conclusions: DOAC- Stop is an effective adjunct for the clinical laboratory faced with 
DOAC interference in LAC testing.
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Essentials

• Direct oral anticoagulant (DOAC) therapy is an increasingly common cause of interference in LAC testing.
• DOAC- Stop removes DOAC interference encountered during LAC testing in the clinical lab.
• DOAC- Stop allows for the identification of LACs in patients on DOACs.
• Testing with DOAC- Stop aids in the choice of therapy for patients with venous thromboembolism.

1  |  INTRODUC TION

Clot- based lupus anticoagulant (LAC) testing remains an essen-
tial tool in the diagnosis of antiphospholipid syndrome (APS).1 
Guidelines communicated by the International Society on 
Thrombosis and Haemostasis (ISTH) have outlined the criteria 
for the diagnosis of definite APS.2,3 This includes the laboratory 
demonstration of antiphospholipid antibodies (aPLs) by either a 
solid- phase assay4 or prolongation of phospholipid- dependent 
coagulation assays including the dilute Russell’s viper venom time 
(dRVVT)-  and/or activated partial thromboplastin time (aPTT)- 
based assays, including the silica clotting time (SCT).3,5 Although 
the sensitivity and specificity for the detection of aPL varies by 
the reagents used and cutoffs employed, both solid- phase and 
clot- based assays are independently diagnostic,6- 9 and in many 
cases clinically significant antibodies can be detected only by one 
of these testing modalities.10- 12 Furthermore, patients with “triple- 
positive” APS defined as the presence of a LAC as well as anti-
cardiolipin (ACA) and anti- β2- glycoprotein I (aβ2GPI) antibodies 
detected by a solid- phase system are at higher risk for thrombo-
sis and have important therapeutic requirements based on recent 
randomized control trial evidence and guidance from the ISTH.13- 15 
As such, the reliable detection of clot- based inhibitory antibodies 
remains a vital component in the workup for APS.

Patients being evaluated for APS are often on anticoagulant 
therapy. In patients with venous thromboembolism, traditionally 
this has consisted of vitamin K antagonists (VKAs), low- molecular- 
weight heparin (LMWH) or fondaparinux and, in certain settings, 
unfractionated heparin (UFH).16 These agents present an obstacle 
to LAC testing due to interference with the clotting cascade.17 For 
UFH, a three- step procedure can exclude false- positive screening 
results, and false positives due to LMWH occur only at suprather-
apeutic concentrations.18 These interferences can be overcome by 
the use of heparin neutralizers when these medications are pres-
ent below the threshold recommended by the manufacturer, which 
are commonly included in dRVVT but not aPTT reagents.19,20 Factor 
deficiency in the setting of VKA therapy can be complemented by 
mixing3 however, this can produce false negatives in the setting of 
a weak LAC,21 as well as false positives depending on the reagents 
used.22 Although dilution with normal pooled plasma is widely em-
ployed, it is not always reliable in patients on VKAs, and interpreta-
tion requires caution.17,22 A potential alternative to mixing studies 
includes the ratio of the Taipan snake venom time (TSVT) to the 
ecarin clotting time (ECT),23 but this method has yet to be widely ad-
opted. With the introduction of direct oral anticoagulants (DOACs), 
the number of patients being screened for aPLs on these medications 

has risen rapidly.24 The presence of a DOAC also interferes with clot- 
based LAC testing.25,26 Currently, there is no standardized method 
to remove these inhibitors from test plasma, resulting in a growing 
number of assays being rejected. Ultimately, this leads to potential 
difficulties in making diagnoses and delays in proper therapy for pa-
tients on these medications.27

To remove DOAC interference, a commercially available acti-
vated charcoal– based reagent sold under the name DOAC- Stop 
(Haematex Research, Hornsby, Australia) has recently been eval-
uated.28 Previous studies indicate that DOAC- Stop is capable of 
removing DOAC interference,29- 32 and a recent statement from 
the ISTH has called for continued investigation into reagents of 
this type.17 We have therefore evaluated DOAC- Stop in a diverse 
number of clinical samples encountered during routine LAC test-
ing and placed the results of this testing in the context of patient 
management.

2  |  METHODS

2.1  |  Sample selection

This study was carried out with oversight from the Stanford 
University Institutional Review Board under protocol IRB- 53627. 
Between March and December 2019, routine patient plasma 
was collected from orders to the Stanford Special Coagulation 
Laboratory for LAC testing. Samples were obtained by phlebot-
omy into plastic or siliconized glass blue- top vacutainer tubes with 
buffered 3.2% (0.105 M) sodium citrate, received, and processed 
within 1 hour of collection. Platelet- poor plasma was prepared by 
double centrifugation at 1500 g for 15 minutes (10- 20°C). Plasma 
was either stored at 2- 8°C and tested within 4 hours or frozen at 
−80°C before a quick thaw at 37°C and tested immediately after. 
We screened these samples for potential DOAC interference using 
the HemosIL Thrombin Time (TT; Instrumentation Laboratory, 
Bedford, MA, USA) for direct thrombin inhibitors33 and HemosIL 
Liquid Anti- Xa (Instrumentation Laboratory) for direct Xa inhibi-
tors. Samples with potential DOAC interference were identified 
by a TT >20 seconds or an anti- Xa activity > 0.1 IU/mL. For these 
samples, staff and medical directors reviewed the medical chart to 
identify whether the patient was currently on DOAC therapy, the 
indication for therapy, and the indication for LAC testing. After 
completing ordered testing, if sufficient sample remained, two 
aliquots of plasma were removed. One aliquot was left untreated, 
and the second was treated with DOAC- Stop according to the 
manufacturer’s directions and as described below. We set out to 
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collect 70 total samples representative of specimens encountered 
by our laboratory, and although argatroban is given exclusively in-
travenously,34 we also analyzed the effect of DOAC- Stop on arga-
troban alongside the other DOAC- treated specimens.

2.2  |  DOAC- Stop treatment

One milliliter of citrated plasma was removed to a plastic centri-
fuge tube. One DOAC- Stop tablet was added and mixed gently 
for 5 minutes by intermittent hand inversion at room temperature. 
Samples were then centrifuged at 2700 g for 6 minutes at 20- 22°C 
to pellet the DOAC- Stop reagent. The treated plasma supernatant 
was transferred to a new centrifuge tube and used for subsequent 
testing.

2.3  |  Sample testing

Both DOAC- Stop treated and untreated aliquots were screened with 
a battery of tests used in the analysis of a suspected LAC. To as-
sess the reduction of DOAC activity, we used the anti- Xa and TT as-
says, given these tests are highly sensitive for direct Xa inhibitors 
and direct thrombin inhibitors, respectively.35 We employed a hepa-
rin calibrated anti- Xa assay to monitor reductions in apixaban and 
rivaroxaban due to regular use of this assay in our laboratory’s work-
flow. By titrating the STA- Apixaban Calibrator and STA- Rivaroxaban 
Calibrator (Diagnostica Stago, Asnières- sur- Seine, France), we com-
puted the residual amount of Xa inhibitors present at below our cutoff 
(0.1 IU/mL) to be <15.2 ng/mL (95% CI, 0- 45.8 ng/mL) for apixaban 
and <13.9 ng/mL (95% CI, 0- 54.3 ng/mL) for rivaroxaban (Figure 
S1). If a sufficient quantity was available, plasma samples were as-
sayed with the HemosIL aPTT- SP, SCT, and dRVVT (Instrumentation 
Laboratory) both neat and after a 1:1 mix with CRYOcheck Pooled 
Normal Plasma (NP; Precision Biologic Inc, Dartmouth, Canada), 
which satisfies the criteria described in Pengo et al.3 For the SCT and 
dRVVT, samples were assayed both by screen (with dilute phospho-
lipid) and confirm (with concentrated phospholipid) reagents accord-
ing to the manufacturer’s instructions. Interpretation was performed 
on the aggregated results from the aPTT- SP and SCT or dRVVT 
guided by the recommendations of the Scientific and Standardization 
Committee of the ISTH, the Haemostasis and Thrombosis Task Force 
of the British Committee for Standards in Haematology, and the 
Clinical & Laboratory Standards Institute (CLSI).3,5,16,36 For aPTT- 
based detection, samples were first screened for a prolongation of 
the aPTT- SP with a + 2 standard deviation (SD) from the mean cutoff. 
If this was prolonged, the aPTT- SP was measured after a 1:1 mix with 
NP. Results were then interpreted in conjunction with SCT testing 
using a so- called integrated approach.37,38 The SCT screen and con-
firm were determined for both neat plasma and after a 1:1 mix with 
NP. A normalized screen to confirm ratio for the SCT with a positive 
cutoff of 1.16 was determined from our local population of controls 
to be + 2 SD above the mean, as recommended by the manufacturer 

and in accordance with standards from the CLSI.36,39. The SCT was 
used for detection of phospholipid dependence downstream of the 
aPTT- SP because the SCT is commercially available from HemosIL 
as a screen/confirm pair. Prolongation of the SCT screen time alone 
was not required for confirmatory testing; rather, only phospholipid 
dependence based on the screen/confirm ratio was judged using the 
SCT. A sample was deemed to be LAC positive if the aPTT- SP was 
prolonged, it persisted after mixing (although we do consider the 
possibility of a weak LAC), and there was evidence for phospholipid- 
dependent correction based on the SCT ratio in neat and 1:1 mixed 
plasma. Similarly, for the dRVVT, we also used an integrated ap-
proach by looking for phospholipid- dependent prolongation of the 
dRVVT screen time with an elevated screen to confirm ratio using a 
positive cutoff of + 3 SD above the mean both in neat and 1:1 mixed 
plasma. The cutoff was determined to be 1.20, as recommended by 
the manufacturer and verified for our local population.39 The nor-
malized screen to confirm ratios were calculated by dividing the pa-
tients SCT or dRVVT by the mean for the reference interval derived 
from 25 normal control plasma samples and then dividing the screen 
ratio by the confirm ratio. We refer here to these calculated values 
as the SCT ratio and dRVVT ratio, respectively. Clot- based assays 
were run on an ACL TOP 500 analyzer (Instrumentation Laboratory).

When ordered for the patient along with LAC testing, ACA 
and aβ2GPI were measured using QUANTA Lite ELISA kits (INOVA 
Diagnostics, San Diego, CA, USA). A cutoff at the 99th percentile for 
local normal controls was used to call positives.

2.4  |  LAC positive and negative controls

During the same period, we also collected 20 positive and 20 nega-
tive control plasma samples from patients not on DOAC therapy. 
These were tested before and after treatment (as described above) 
to assess whether DOAC- Stop interferes with true- positive and 
true- negative results independent of DOAC presence. Positive con-
trols for LAC were chosen by chart review and phospholipid cor-
rection of the SCT and, in all but 3 cases, the dRVVT as well, both 
in neat plasma and after a 1:1 mix with NP. Of the 20 positive con-
trols, 6 were actively receiving VKAs, 2 were on LMWH, 1 was on 
UFH, and 11 were not on any anticoagulation. The diagnostic status 
of positive controls in our study included six patients who carried a 
prior diagnosis of APS including a history of repeat positive LACs; 
two were first- time positives that were later reconfirmed, and the 
patients were ultimately diagnosed with APS; three were first- time 
positive LACs that were reconfirmed later, but the patients were 
ultimately not diagnosed with APS due to the absence of clinical 
criteria; two were repeat positives resulting in a diagnosis of APS; 
three were second- time positive LACs, but the patients were not 
diagnosed with APS due to the absence of clinical criteria; and four 
were first- time positives that were not retested at our laboratory. 
Negative control samples were selected based on the presence of a 
normal value for both the SCT and dRVVT ratio, as well as the ab-
sence of any anticoagulation therapy per chart review.
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2.5  |  Statistical analysis

Data for each assay were compared as described in the text and 
figure legends using R software version 3.5.0. with a threshold of 
P < .05 set for significance.

3  |  RESULTS

We collected a cohort of 73 LAC test samples from 71 patients 
(Figure 1A). Of these samples, 38 were from patients treated 
with apixaban, 26 with rivaroxaban, 6 with argatroban, and 3 with 

dabigatran. Sixty- two percent of samples were from male patients 
and 38% from females. The mean age of patients was 57.8 years 
(range, 18- 86 years), and the vast majority of samples were derived 
from outpatients (86%), while 13% were sourced from Stanford 
Hospital inpatients. Hematology was the most common ordering 
service, accounting for 73% of tests. Overlap in the indication for 
testing and DOAC therapy was exceedingly common (Figure 1A and 
1B), concordant in 82% of cases.

DOAC- Stop reduced the anti- Xa activity to below our labora-
tory’s cutoff (0.1 IU/mL) in all patients treated with apixaban and 
rivaroxaban (Figure 2A). Patients on argatroban and dabigatran 
exhibited anti- Xa activity below our cutoff (Figure 2B). Similarly, 

F I G U R E  1  Sample characteristics of the unknown study cohort. (A) Heat map displaying each patient contributing a sample to our test 
cohort, their sex, age (by decade), the indication for anticoagulation therapy (DOAC indication), the indication for the patient to be tested 
for a LAC, the direct factor inhibitor the patient was receiving when the sample was drawn (medication), whether the sample was collected 
while the patient was in- hospital or an outpatient, and the service ordering the test for each patient (n = 73 samples). The color code for 
each category is depicted below. (B) A plot showing the number and percent of samples where the indication for DOAC therapy and LAC 
testing were the same (concordant, plotted in green) or different (discordant, plotted in red). Cases where the indication was unknown 
(n = 2 samples) were excluded from analysis. ARDS, acute respiratory distress syndrome; DOAC, direct oral anticoagulant; LAC, lupus 
anticoagulant antibody; PTT, partial thromboplastin time
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apixaban and rivaroxaban TTs were within the reference range 
(Figure 2C). Argatroban and dabigatran prolonged the TT in all pa-
tients (Figure 2D). Both of their effects were significantly reduced by 
DOAC- Stop, returning to within the reference range for all but two 
specimens containing argatroban.

For all LAC- positive and - negative control samples from patients 
not on DOACs, the anti- Xa activity was below the cutoff, with the 
exception of two LAC- positive samples (anti- Xa 0.27 and 0.93 IU/
mL). These patients were on therapeutic UFH and LMWH, respec-
tively. In both of these specimens and the remaining samples, there 
was no significant effect of DOAC- Stop on the anti- Xa activity 
(Figure 3A). The patient on UFH had two previously positive LAC 

panels, suggesting persistence of a true- positive result. Interestingly, 
the amount of heparin in her sample was not sufficient to prolong 
the TT above the cutoff likely due to the presence of hyperfibrin-
ogenemia at the time of sample collection. The patient receiving 
LMWH likewise had a previously positive LAC collected 24 months 
earlier while also receiving LMWH; in both instances, his anti- Xa 
was within the therapeutic range and below the threshold recom-
mended by the manufacturer for neutralization by the included 
heparin inhibitor in our reagents, suggesting a true positive. There 
was no significant effect of DOAC- Stop on the TT for either posi-
tive or negative controls (Figure 3B). All specimens were within the 
TT reference range (<20 seconds), except for a single patient with 

F I G U R E  2  Anti- Xa and TT results for samples treated with DOAC- Stop. The samples from our test cohort were split into two aliquots; 
one was left untreated (“before”) and the other was treated with DOAC- Stop per the manufacturer’s recommendation (“after”). The data are 
plotted for each sample tested. Each point represents an individual sample. The light gray lines connect the same sample Before and After 
treatment. The thick bars indicate the mean Before and After DOAC- Stop treatment for each assay, colored by medication. The red dotted 
line indicates the upper threshold of the reference range/cut- off for each assay. (A) The measured anti- Xa activity before and after treatment 
with DOAC- Stop in samples containing apixaban, blue, or rivaroxaban, purple, is plotted. (B) The measured anti- Xa activity before and after 
treatment with DOAC- Stop in samples containing argatroban, green, or dabigatran, red. (C) The measured TT for each sample containing 
apixaban or rivaroxaban colored as in (A). (D) The measured TT for each sample containing argatroban or dabigatran colored as in (B). n = 38 
for apixaban. n = 26 for rivaroxaban. n = 6 for argatroban. n = 3 for dabigatran. * indicates P < .05; **** indicates P < .0001; n.s. indicates not 
significant by Student’s t test. DOAC, direct oral anticoagulant; TT, thrombin time
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an elevated TT (35.9 seconds) that was reduced after DOAC- Stop 
(29.8 seconds) to a level likely reflecting an underlying abnormality. 
This specimen was from a patient with autoimmune disease (drug 
reaction with eosinophilia and systemic symptoms syndrome) and 
suspected antifibrinogen antibodies. The LAC- positive controls gen-
erally had a highly elevated aPTT- SP, whereas the negative controls 
were on average borderline normal (Figure 3C). On a 1:1 mix with NP, 
the LAC- positive samples remained elevated. In contrast, the mean 
for the LAC- negative samples returned to normal, suggesting that 
the mildly elevated aPTT- SP occasionally seen in this group could be 
attributed to a factor deficiency, analytical or stochastic variation, or 
potentially a weak LAC (Figure 3D). None of the LAC- negative sam-
ples exhibited an elevated SCT ratio or dRVVT ratio in neat plasma, 
making a weak LAC a less likely explanation. Importantly, none of 
these features were significantly affected by DOAC- Stop. The SCT 
ratio was elevated in all LAC- positive samples and normal in LAC- 
negative samples (Figure 3E and 3F). The dRVVT ratio was elevated 

in all LAC- positive samples and normal in LAC- negative samples in 
neat plasma (Figure 3G). After a 1:1 mix with NP (Figure 3H), three of 
the dRVVT ratios for LAC- positive controls fell below the cutoff, sug-
gesting the presence of a weak LAC. Altogether, DOAC- Stop had no 
significant effect on the population mean for these assays; however, 
individual variation before and after treatment could be observed. 
The diagnostic call determined by the SCT and dRVVT ratio was 
never changed by DOAC- Stop (Figure 3E- H). Furthermore, DOAC- 
Stop had no significant effect on the mean SCT or dRVVT time in the 
isolated screen and confirm assays (Figure 3I- N). Individual variation 
within a specimen could be seen, most commonly in samples with 
prolonged clotting times (see Figure 3I and 3L).

Argatroban and dabigatran are known to prolong the aPTT,40,41 
and consistent with this activity, treatment with DOAC- Stop short-
ened the aPTT- SP in every patient on these medications (Figure 4A 
and 4B). This effect was significant both in neat plasma and after a 
1:1 mix with NP for samples containing argatroban. The effect was 

F I G U R E  3  DOAC- Stop results on LAC testing in the absence of DOAC interference. The samples from our control cohorts, n = 20 LAC 
positive, red lines, and n = 20 LAC negative, black lines, were split into two aliquots and each aliquot was tested with the indicated assay 
either “before” or “after” treatment with DOAC- Stop. Each point represents an individual sample which are colored by the anticoagulation 
status of the patient from which they were received. The red or black lines connect the same sample Before and After treatment and 
indicate LAC status. The thick bars indicate the mean before and after DOAC- Stop treatment for each assay, colored by LAC status. The red 
dotted line indicates the upper threshold of the reference range/cutoff for each assay. Data are plotted for (A) the anti- Xa activity; (B) the 
TT; (C) the aPTT- SP in neat plasma; (D), the aPTT- SP after a 1:1 mix with NP; (E), the SCT ratio in neat plasma; (F), the SCT ratio after a 1:1 
mix with NP; (G), the dRVVT ratio in neat plasma; (H) the dRVVT ratio after a 1:1 mix with NP; (I) the SCT screen; (J) the SCT screen after a 
1:1 mix with NP; (K) the SCT confirm; (L) the dRVVT screen; (M) the dRVVT screen after a 1:1 mix with NP; and (N) the dRVVT confirm. n.s. 
indicates not significant by Student’s t test for all assays shown. DOAC, direct oral anticoagulant; dRVVT, dilute Russell’s viper venom time; 
LAC, lupus anticoagulant antibody; NP, normal plasma; SCT, silica clotting time
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consistent for all three samples in the dabigatran group but did not 
reach significance. Among the patients on direct thrombin inhibi-
tors, there was one patient on dabigatran that was positive for ACA 
and aβ2GPI antibodies accompanied by a prolonged aPTT- SP both 
before and after DOAC- Stop (see specimen 1, Figure 4A- L). This 
patient was deemed likely to have APS and consistent with the pres-
ence of a LAC, tested positive by the SCT ratio (Figure 4C and 4D) 
and the dRVVT ratio (Figure 4E and 4F). The TT for this sample was 
normalized by DOAC- Stop (76 seconds before vs 14.2 seconds after 
treatment), indicating removal of any detectable dabigatran by this 
assay (see Figure 2D). Scrutinizing the individual screen and confirm 
times for the SCT and dRVVT (Figure 4G- L) for this patient revealed 
highly prolonged screen times before and after DOAC- Stop, with 
markedly reduced confirm times after DOAC- Stop adding another 
layer of evidence for a true LAC. The remainder of the samples were 
negative for a LAC by the SCT ratio (Figure 4E and 4F). Two samples, 
one from a patient on argatroban and the other from a patient on 
dabigatran, switched from abnormal to normal by the dRVVT ratio in 
neat plasma after treatment with DOAC- Stop (Figure 4E). However, 
the specimens would have been deemed negative for a LAC after a 
1:1 mix with NP by the dRVVT ratio (Figure 4F). The elevated dRVVT 

ratios in these specimens were likely false positives that were re-
moved by DOAC- Stop; however, the presence of a weak LAC that 
was rendered undetectable upon mixing or a minor shift in the ratio 
due to analytical variance cannot be ruled out.

The mean aPTT- SP was prolonged for patients on either apix-
aban or rivaroxaban, which trended toward shorter times after 
DOAC- Stop, reaching significance for apixaban (Figure 5A). The 
same pattern was observed in the aPTT- SP after a 1:1 mix with 
NP (Figure 5B). The SCT ratio in neat plasma and after a 1:1 mix 
with NP was elevated for three patients on rivaroxaban and two 
patients on apixaban. This remained unchanged after treatment 
with DOAC- Stop, and in aggregate there was no significant effect 
of DOAC- Stop in the presence of either apixaban or rivaroxaban in 
this assay (Figure 5C and 5D). For specimens containing rivaroxaban 
before DOAC- Stop treatment, the average dRVVT ratio was above 
the reference cutoff (1.76 and 1.33 for neat and 1:1 mixed plasma, 
respectively) (Figure 5E and 5F). DOAC- Stop markedly reduced the 
number of positives in rivaroxaban- treated patient samples from 22 
of 26 (85%) down to 4 (15%) in the neat dRVVT ratio (Figure 5E). 
Similarly, DOAC- Stop reduced the number of positives in the dRVVT 
ratio after a 1:1 mix with NP (Figure 5F) from 14 (64%) to 2 (8%). 

F I G U R E  4  DOAC- Stop permits LAC testing in patients on direct thrombin inhibitors. The samples from our test cohort containing 
argatroban n = 6, green, and dabigatran, n = 3, green, were split into two aliquots, and each aliquot was tested with the indicated assay 
either “before” or “after” treatment with DOAC- Stop. Each point represents an individual sample. The light gray lines connect the same 
sample before and after treatment. The thick bars indicate the mean before and after DOAC- Stop treatment for each assay, colored by 
medication. The red dotted line indicates the upper threshold of the reference range/cutoff for each assay. Data are plotted for (A) the 
aPTT- SP in neat plasma; (B) the aPTT- SP after a 1:1 mix with NP; (C) the SCT ratio in neat plasma; (D) the SCT ratio after a 1:1 mix with NP; 
(E) the dRVVT ratio in neat plasma; (F) the dRVVT ratio after a 1:1 mix with NP; (G) the SCT screen; (H) the SCT screen after a 1:1 mix with 
NP; (I), the SCT confirm; (J), the dRVVT screen; (K) the dRVVT screen after a 1:1 mix with NP; and (L) the dRVVT confirm. A LAC positive 
sample from a patient receiving dabigatran is indicated for each plot with a red (1). * indicates P < .05; ** indicates P < .01; *** indicates 
P < .001; n.s. indicates not- significant by Student’s t test. DOAC, direct oral anticoagulant; dRVVT, dilute Russell’s viper venom time; LAC, 
lupus anticoagulant antibody; NP, normal plasma; SCT, silica clotting time
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These 2 cases likely represent true positives, as they also had a pro-
longed aPTT- SP after mixing with NP and elevated SCT ratios before 
and after DOAC- Stop treatment (see specimens 4 and 5, Figure 5A- 
L). Using DOAC- Stop, only three specimens containing rivaroxaban 
would have been called positive for a LAC by either the SCT ratio or 
the dRVVT ratio, the two mentioned above and a single specimen 
that was positive by the SCT ratio alone (see specimen 3, Figure 5A- 
L). Indeed, analyzing the individual screen and confirm times for the 
SCT and dRVVT (Figure 5G- L) revealed that all three samples had 
prolonged SCT screen times before and after DOAC- Stop but were 
within the reference range after treatment in the SCT confirm assay. 
The same was true for specimens 4 and 5 when scrutinizing the indi-
vidual dRVVT screen and confirm times (Figure 5K- L). Fifteen of the 
total 26 specimens would have been called positive if interpretation 
were performed, neglecting the presence of rivaroxaban. Thus, 12 of 
the 26 samples would have been false positives (46%), which could 
be eliminated by DOAC- Stop. Apixaban had the opposite effect on 
the dRVVT ratio when compared to rivaroxaban. The average dRVVT 
ratio increased upon treatment with DOAC- Stop from 0.96 to 1.10 in 
neat plasma and 0.85 to 1.00 after a 1:1 mix with NP (Figure 5E and 
5F). This increase permitted the detection of a sample that would 

have been called negative by the dRVVT ratio, neglecting the pres-
ence of apixaban, to be called positive following DOAC- Stop treat-
ment (see specimen 1, Figure 5A- L). This sample is almost certainly 
a true positive, as the same patient had a prolonged aPTT- SP after 
mixing with NP and elevated SCT ratios before and after DOAC- Stop 
treatment. Furthermore, tracking the individual screen and confirm 
times for the SCT and dRVVT (Figure 5G- L) reveals that this sample 
had highly prolonged screen times. These times remained prolonged 
after treatment with DOAC- Stop. In contrast, the confirm dRVVT 
after a 1:1 mix with NP switched from prolonged to well within the 
reference range after DOAC- Stop (42.6 seconds before to 30.9 sec-
onds after), accounting for the detection of an elevated dRVVT ratio 
in this case. Thus, DOAC- Stop removes the tendency of apixaban to 
cause false negatives by the dRVVT ratio.

We evaluated the testing profile of our unknown samples to as-
sess whether DOAC- Stop affects diagnostic outcomes (Figure 6A). 
Of the 73 total samples, 14 met the laboratory criteria for presence 
of aPL (19%). Among these, 8 (11%) were positive by ELISA only, 4 
(5%) were positive for a LAC and by ELISA, and 2 samples (3%) were 
positive for a LAC only. Thus, in 3% of cases, DOAC- Stop permitted 
the identification of patients meeting the laboratory criteria for APS 

F I G U R E  5  DOAC- Stop permits LAC testing in patients on apixaban and rivaroxaban. The samples from our test cohort containing 
apixaban n = 38, blue, and rivaroxaban, n = 26, purple, were split into two aliquots, and each aliquot was tested with the indicated assay 
either “before” or “after” treatment with DOAC- Stop. Each point represents an individual sample. The light gray lines connect the same 
sample before and after treatment. The thick bars indicate the mean Before and After DOAC- Stop treatment for each assay, colored by 
medication. The red dotted line indicates the upper threshold of the reference range/cutoff for each assay. Data are plotted for (A), the 
aPTT- SP in neat plasma; (B) the aPTT- SP after a 1:1 mix with NP; (C) the SCT ratio in neat plasma; (D) the SCT ratio after a 1:1 mix with 
NP; (E) the dRVVT ratio in neat plasma; (F) the dRVVT ratio after a 1:1 mix with NP; (G) the SCT screen; (H) the SCT screen after a 1:1 mix 
with NP; (I) the SCT confirm; (J) the dRVVT screen; (K) the dRVVT screen after a 1:1 mix with NP; and (L) the dRVVT confirm. LAC- positive 
samples are indicated with the numbers (1)- (5) so they can be followed throughout the battery of assays, colored by the medication the 
patients were receiving at time of collection. * indicates P < .05; ** indicates P < .01; **** indicates P < .0001; n.s. indicates not significant by 
Student’s t test. DOAC, direct oral anticoagulant; dRVVT, dilute Russell’s viper venom time; LAC, lupus anticoagulant antibody; NP, normal 
plasma; SCT, silica clotting time
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by LAC only. We also analyzed the subset of patients on rivaroxaban 
to identify cases where DOAC- Stop would allow the identification of 
triple- positive patients (Figure 6B). Indeed, 2 of the 26 patients on 
rivaroxaban (8%) were triple positive.

4  |  DISCUSSION

In this study, we evaluated the utility of DOAC- Stop for removing 
DOAC interference during routine LAC testing. We first confirmed 
that DOAC- Stop removes the effects of these medications in direct 
assays for their target: the TT for dabigatran and anti- Xa for apixa-
ban and rivaroxaban. We then ensured in cases known to be true 
positives and true negatives for a LAC that DOAC- Stop did not itself 
alter the results of LAC testing. Finally, we evaluated this reagent in 
the setting of routine unknown cases for which LAC testing was or-
dered while the patients were receiving DOAC therapy. Our results 
demonstrate that DOAC- Stop is effective for the removal of most 
DOAC interference from these tests, does not significantly interfere 
with clot- based LAC testing, and permits the evaluation of patients 
on these medications in the realistic scenario encountered in the 
clinical laboratory.

DOACs represent a convenient and effective therapeutic choice 
for patients with thrombosis, used for a growing list of indications.42 

Our current analysis of the reasons clinicians order LAC testing while 
patients are on DOAC therapy revealed that the underlying indica-
tions are highly concordant (82%). DOACs significantly interfere 
with clot- based assays, leading the coagulation laboratory to face 
the difficult choice of rejecting these specimens or interpreting their 
testing results with caution.43 The timing at which thrombophilia 
testing is performed needs clearer guidance, but possible options 
include cessation of therapy or a two- staged testing algorithm such 
as genetic and serologic tests performed while the patient is on an-
ticoagulation, followed by functional testing while off therapy, if 
warranted.44

Prior studies have also sought to identify fixes for this prob-
lem. Arachchillage et al45 demonstrated that rivaroxaban induces 
false- positive LACs in both the Siemens and HemosIL dRVVT, but 
not a homemade dRVVT reagent. Interestingly, these commercial 
reagents did not exhibit false positives in six patients receiving ri-
varoxaban if samples were collected during a trough (18- 24 hours 
after dosing). The TSVT and ECT both function by direct activa-
tion of prothrombin, the former being LAC sensitive and the lat-
ter insensitive. As such, these assays can function as a paired test 
without interference from direct Xa inhibitors. This was confirmed 
in the study by Arachchillage et al and has been used successfully 
by others.38 However, these reagents would still suffer from direct 
thrombin inhibitor interference and, as of yet, only a single set of 

F I G U R E  6  DOAC- Stop allows the identification of clot- based- only positives and triple- positive patients with APS receiving rivaroxaban. 
(A) A flow diagram is depicted starting on the left with each of the samples from our test cohort separated by medication (n = 73 samples). 
The second, or middle, node group indicates whether the patients providing these samples tested positive for a LAC (clot- based positive) 
or were positive by ELISA only, or had completely negative/unknown results for both clot- based and ELISA detectable antiphospholipid 
antibodies. The third, or right- most, node group indicates the ELISA results for patients who tested positive for a LAC by clot- based testing 
(n = 6). Two were positive only by clot- based testing (functional assay only Positive, red star), and four were triple positive for LAC, ACA, 
and aβ2GPI antibodies. Of note, there were no double- positive cases. (B) The subset of the data presented in (A) highlighting the samples 
from patients on rivaroxaban. The presence of two triple- positive cases is indicated by a red star. The number immediately adjacent to each 
node indicates the quantity of specimens. ACA, anticardiolipin; aβ2GPI, anti- β2- glycoprotein I; APS, antiphospholipid syndrome; LAC, lupus 
anticoagulant antibody
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commercial reagents is available (Diagnostic Reagents, Thame, UK). 
Both Hyphen Biomed and Haematex have developed dRVVT re-
agents that are less sensitive to DOAC interference, but side- by- side 
comparison with other dRVVT reagents has revealed a reduced sen-
sitivity for true- positive LACs.22,38 Still, a positive result may provide 
significant utility in patients on DOAC therapy.

Consistent with the prevailing evidence from prior stud-
ies,28,29,31,32,46 we found that DOAC- Stop markedly reduces the 
effect of DOACs in LAC testing. This permitted the identification 
of 5 true- positive LACs in patients on apixiban/rivaroxaban and 1 
on dabigatran. Ząbczyk et al documented that DOAC- Stop removed 
29 presumed false- positive LACs (of 35 positives before treatment) 
based on the dRVVT normalized ratio (Siemens).31 Of these false 
positives, 27 were from patients on rivaroxaban, similar to our study 
using the HemosIL dRVVT. Favresse et al29 evaluated DOAC- Stop 
for the removal of apixaban, dabigatran, edoxaban, and rivaroxaban 
in thrombophilia testing. Their analyses showed that DOAC- Stop re-
moved interference for all DOACs using the aPTT- LA and dRVVT 
(both from Diagnostica Stago, Parsippany, NJ, USA). In contrast, 
Platton et al found incomplete removal of rivaroxaban and apixaban, 
as determined by residual anti- Xa activity above the limit of detec-
tion.32 Unlike most investigators, Slavik et al30 used the more sensi-
tive method of liquid chromatography– tandem mass spectrometry 
to assess the effect of this reagent on dabigatran, rivaroxaban, and 
apixaban. With a limit of quantification <1 ng/mL, this study verified 
that DOAC- Stop strongly reduces— but does not eliminate— these 
medications from patient plasma. Importantly, the residual amount 
remaining was below the level necessary to interfere with LAC test-
ing as exemplified by the dRVVT. Discrepancies between these stud-
ies may be due to the DOAC- Stop protocol employed, sensitivity of 
the methodology used, or other forms of interlaboratory variation. 
We did not evaluate edoxaban in our study, as this medication was 
approved in the United States in 201547 and is less commonly used 
in our population.48 Prior studies have indicated similar removal of 
its interference by DOAC- Stop28,29; therefore, it is reasonable to as-
sume that our results would extend to the removal of edoxaban, but 
this would need to be explicitly validated.

It is important to note that because we used a heparin calibrated 
anti- Xa, reduction of DOAC activity to below our cutoff (0.1 IU/mL) 
may still represent a quantifiable amount of residual apixaban or ri-
varoxaban in versions of this assay calibrated to measure these med-
ications. However, we did use calibrators to estimate the expected 
amount of apixaban and rivaroxaban present below our cutoff (<15.2 
and < 13.9 ng/mL, respectively). While the laboratory directly car-
rying out the experiments in our study uses a heparin calibrated 
anti- Xa assay to screen for potential apixaban and rivaroxaban inter-
ference, which is a limitation of our study, this scenario likely reflects 
a real- world experience applicable to many clinical arenas.

Using our 40 control patients, we investigated the effect of DOAC- 
Stop itself on the TT, anti- Xa activity, aPTT- SP, SCT, and dRVVT in 
the absence of DOACs. Indeed, DOAC- Stop showed no significant 
effects on any of these assays in terms of their group mean. We note 
that individual variability before and after DOAC- Stop treatment was 

observed. As our control sample size was limited (n = 20 for each 
cohort), we cannot exclude a subtle effect of DOAC- Stop, which 
failed to reach significance for the entire group. Moreover, we in-
cluded patients anticoagulated with agents other than DOACs in our 
LAC- positive controls. DOAC- Stop may have effects on the antico-
agulant effect of these agents or perturb the coagulation cascade in 
a manner specific to their presence. Further studies aimed at inves-
tigating the interaction of DOAC- Stop with other anticoagulants is 
warranted. Using a threshold of 1.16 and 1.2 for the SCT and dRVVT 
ratio, respectively, no single sample crossed these marks upon treat-
ment with DOAC- Stop. Thus, this reagent appears to permit reason-
able diagnostic reproducibility in LAC testing after treatment. Exner 
et al28 documented that even though the dRVVT showed essentially 
no interference induced from DOAC- Stop itself, a small prolongation 
of the aPTT (slope 1.323 after/before DOAC- Stop) was observed in 
plasma samples in the absence of DOACs. This was attributed to the 
effect of an additional high- speed centrifugation step used to pellet 
the DOAC- Stop reagent (7000 g). Indeed, we observed no prolon-
gation of the mean aPTT- SP in our samples consistent with lower 
centrifugal force applied in our protocol (2700 g).

Among the LAC assays we investigated, the presence of DOACs 
had the most pronounced effects on the aPTT- SP and dRVVT ratio, 
the former being more sensitive to dabigatran33 and the latter to 
rivaroxaban, which has been shown to be dependent on the compo-
sition and concentration phospholipids present, particularly in the 
screen reagent.49- 51 Indeed, the effect of DOACs are highly impacted 
by the reagents used.51 As we have used two aPTT- based reagents 
and one dRVVT reagent, our results may not generalize to reagents 
from different manufacturers. Among patients receiving apixaban or 
rivaroxaban, 13 samples remained elevated when tested with the 
aPTT- SP after treatment with DOAC- Stop (see Figure 5A). This was 
reduced to only four samples after a 1:1 mix with NP (see Figure 5B). 
All four of these specimens were from samples determined to be 
LAC positive. None of the remaining nine specimens were positive 
by either the SCT or dRVVT ratio. Thus, they were likely initially pro-
longed in the aPTT- SP assay due to factor deficiency, but less likely a 
weak LAC or stochastic variation could also be responsible.

Importantly, two of the six LAC- positive patients in our unknown 
cohort were positive for aPLs by clot- based testing only and therefore 
would have been missed without the use of DOAC- Stop. DOAC- Stop 
was highly effective at removing false positives in the dRVVT ratio 
from samples containing rivaroxaban, accounting for 46% of these 
samples. Conversely, DOAC- Stop normalized the slightly lowering 
effect of apixaban on the dRVVT ratio permitting the identification 
of a true positive. The differential effect of apixaban on the dRVVT 
screen and confirm has been documented to lower the dRVVT ratio 
in spiked plasma samples,52 supporting our ex vivo results. It should 
be noted that occasional samples not containing apixaban did exhibit 
higher SCT or dRVVT ratios after treatment with DOAC- Stop. This 
could be seen in both LAC- positive and - negative control specimens 
(see Figure 3E- H), suggesting that it is present even in the absence 
of DOACs. Notably, the level of variation is higher in neat specimens 
than after a 1:1 mix with NP (compare Figure 3E- H), indicating likely 
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contributions from increased variability, as the clotting times are 
prolonged and/or sensitivities of these assays to particularly low lev-
els of any factor that would be complemented upon mixing. It is also 
possible that the DOAC- Stop procedure may exacerbate a factor de-
ficiency (eg, by direct binding or denaturation) with slightly stronger 
effects on the screen time relative to the confirm time resulting in 
an increased ratio.

DOAC- Stop is a commercial reagent with associated costs to 
the clinical laboratory. It is important to emphasize that this method 
should be applied only to samples from patients with documented 
ongoing DOAC therapy, both to reduce expenditures and to mitigate 
the possibility for erroneous LAC results in non– DOAC- treated sam-
ples, as documented by other investigators.53 Our results demon-
strate that DOAC- Stop is effective at reducing DOAC interference, 
does not itself significantly interfere with assays commonly em-
ployed in LAC testing, and allows for the identification of patients 
meeting the laboratory criteria for APS including triple- positive pa-
tients on rivaroxaban.
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