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Abstract
Background: DOAC	Filter	(DF)	is	a	new	device	to	overcome	interference	in	lupus	an-
ticoagulant	(LAC)	testing	by	direct	oral	anticoagulants	(DOACs).
Objectives: We	evaluated	DOAC	removal	from	plasma	and	elimination	of	DOAC	in-
terference	in	LAC	testing	by	DF,	and	impact	of	DF	on	LAC	assays	in	a	representative	
patient	cohort,	including	a	comparison	with	DOAC-	Stop	(DS).
Methods: Normal	pooled	plasma	(NPP)	was	spiked	with	increasing	concentrations	of	
apixaban,	rivaroxaban,	edoxaban,	and	dabigatran.	DOAC	and	LAC	was	measured	on	
untreated,	DF-	treated,	and	DS-	treated	spiked	samples.	Coagulation	parameters	and	
thrombin generation were measured on patient samples (n =	20)	before	and	after	DF.	
Patients	treated	with	DOAC,	vitamin	K	antagonist,	or	heparin	and	nonanticoagulated	
patient samples (n =	139)	were	tested	for	LAC	before	and	after	DF.
Results: In	spiked	NPP,	levels	were	below	the	lower	limit	of	quantification	(LLoQ)	after	
DF/DS	treatment	for	all	DOAC	concentrations.	Following	DF,	levels	were	below	LLoQ	
for	 53	 of	 56	 DOAC-	containing	 patient	 samples.	 Twenty-	eight	 of	 33	 LAC-	positive	
DOAC-	containing	samples	became	negative	after	filtration,	whereas	5	remained	LAC-	
positive	(1/5	from	a	patient	with	antiphospholipid	syndrome	[APS]).	Four	LAC-	positive	
DOAC-	containing	samples	(from	patients	without	APS),	became	negative	after	filtra-
tion,	whereas	they	remained	LAC	positive	after	DS.	In	the	non-	DOAC	patient	groups	
following	DF,	LAC	changed	from	positive	to	negative	in	8	(due	to	a	procoagulant	ef-
fect)	and	vice	versa	in	2	cases.
Conclusion: DF	reduces	DOAC	interference	in	LAC	testing.	As	incomplete	DOAC	re-
moval	may	occur,	DOAC	measurements	should	be	performed	after	filtration.	A	procoag-
ulant	effect	after	filtration	may	lead	to	erroneous	LAC	results	in	non–	DOAC-	containing	
samples.	Therefore,	using	DF	should	be	restricted	to	DOAC-	containing	samples.
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Essentials

•	 DOAC	Filter	(DF)	is	an	alternative	for	direct	oral	anticoagulant	(DOAC)	adsorbents.
•	 DF	efficiently	removes	DOACs	and	eliminates	their	impact	on	lupus	anticoagulant	assays.
•	 A	procoagulant	effect	occurs	by	filtration	with	DF.
•	 The	use	of	DF	should	be	restricted	to	samples	containing	DOAC.

1  |  INTRODUC TION

Direct	oral	anticoagulant	 (DOAC)	 interference	on	clotting	assays	
is	a	well-	known	issue	in	the	coagulation	clinical	laboratory.1-	7 The 
degree of interference depends on the characteristics and concen-
tration	of	the	anticoagulant,	the	assay	principle,	and	reagent	and	
analyzer used.1-	4,8,9	DOACs	are	widely	prescribed	in	clinical	prac-
tice	for	treatment	and	prevention	of	thrombosis,	since	they	have	
demonstrated	benefits	in	pharmacokinetics	and	safety	profile.10-	13 
Although	discouraged	to	test	during	anticoagulant	therapy,14 there 
may	be	a	need	 to	 test	 for	 lupus	anticoagulant	 (LAC)	during	anti-
coagulation in some conditions15	and,	consequently,	 laboratories	
will	 receive	 increasing	numbers	of	DOAC-	containing	samples	for	
a	thrombophilia	workup,	including	LAC	detection.15	Inherently	to	
their	mechanism	of	action,	being	a	direct	factor	X	inhibitor	(apixa-
ban,	rivaroxaban,	and	edoxaban)	or	a	direct	thrombin	inhibitor	(da-
bigatran),12,13	DOACs	may	interfere	with	the	diluted	Russell’s	viper	
venom	 time	 (dRVVT)	 and	 activated	 partial	 thromboplastin	 time	
(aPTT)	 clotting	 assays	 during	 LAC	 detection.4,6,14-	18 The Clinical 
and	 Laboratory	 Standards	 Institute	 guidelines	 and	 the	 recently	
updated	 guidelines	 on	 LAC	 detection	 from	 the	 Scientific	 and	
Standardization	Committee	 for	 LAC/antiphospholipid	 antibodies	
(LAC/aPL)	of	the	ISTH	recommend	not	to	perform	LAC	testing	in	
patients	 receiving	DOAC	 treatment.14,15,19	 If	 feasible,	 SSC	 LAC/
aPL	of	the	ISTH	recommends	to	interrupt	DOAC	treatment	for	at	
least	48	hours	before	sample	collection	for	LAC	testing.14,15	This,	
however,	may	not	be	clinically	possible	due	to	an	increased	risk	of	
adverse effects.6	 In	 addition,	 a	 high	 interindividual	 variability	 in	
trough levels has been reported.20	Several	other	strategies	have	
already	 been	 proposed	 to	 overcome	 the	 effect	 of	 DOAC	 inter-
ferences	 in	 LAC	 testing,	 but	 all	 with	 limitations.	 Adding	 DOAC	
neutralizing	agents,	 such	as	 idarucizumab,	 to	plasma	before	LAC	
testing	 is	 quite	 expensive21,22	 and	 the	 use	 of	 DOAC	 adsorbing	
agents,	 such	 as	 DOAC-	Stop	 (DS;	 Haematex	 Research,	 Hornsby,	
Australia),	 DOAC-	Remove	 (5	 Diagnostics,	 Basel,	 Switzerland)	 or	
activated	charcoal,22-	30	may	lead	to	false-	positive	or	false-	negative	
results	 due	 to	 incomplete	DOAC	 removal,	 a	 prolongation	of	 the	
clotting	 time	 (CT)	 or	 a	 procoagulant	 effect.30-	33	 An	 alternative	
method	 to	 remove	DOAC	 is	 filtration	of	 the	 plasma	before	 LAC	
analysis.	Recently,	a	new	device,	the	DOAC	Filter	(DF;	Diagnostica	
Stago,	Parsippany,	NJ,	USA),	 is	available.	The	name	of	the	device	
could	be	somehow	misleading,	since	the	DF	is	a	ready-	to-	use	de-
vice	using	a	solid-	phase	extraction	principle	to	trap	DOACs,34 and 
not a real filtration procedure as historically was used to deplete 
plasma	from	platelets	for	LAC	testing.35,36

So	 far,	 the	 information	 published	 on	 DF	 has	 mainly	 aimed	 to	
show	that	DOACs	are	efficiently	removed	and	that	sample	integrity	
after	DF	treatment	remains.34	The	impact	of	DF	on	LAC	testing	in	
nonanticoagulated and anticoagulated large patient groups has not 
been	 studied	yet.	As	 is	 stated	by	Sevenet	et	 al,34 additional stud-
ies are needed to further evaluate the impact of the device on the 
plasma	coagulation	profile.	In	this	study,	we	aim	to	assess	the	ability	
of	 this	 new	device	 to	 remove	DOACs	 from	plasma	on	 spiked	 and	
patient	 samples.	We	will	 evaluate	 the	 impact	 of	DF	 treatment	 on	
LAC	testing	in	a	large	representative	patient	cohort	including	nonan-
ticoagulated patients and patients receiving vitamin K antagonists 
(VKAs),	heparin,	or	DOAC	therapy.	In	addition,	we	will	compare	the	
effect	 of	 a	 pretreatment	 by	DF	 versus	DS	on	 spiked	 samples	 and	
patient	samples	treated	with	DOAC.

2  |  MATERIAL S AND METHODS

2.1  |  Spiking experiments

Citrated	whole	blood	(BD	vacutainer	citrate	3.2%,	2.7	mL;	Becton	
Dickinson,	 Franklin	 Lakes,	 NJ,	 USA)	 was	 collected	 from	 healthy	
volunteers (n =	70)	after	 informed	consent.	Platelet-	poor	plasma	
(PPP)	was	obtained	following	double	centrifugation	at	2230	g	for	
15 min at room temperature. PPP was pooled to create normal 
pooled	 plasma	 (NPP)	 and	 stored	 at	 −80°C.	 Before	 analysis,	NPP	
was	 thawed	 at	 37°C	 for	 5	 minutes.	 Stock	 solutions	 of	 apixaban	
(15	mg/mL),	rivaroxaban	(15	mg/mL)	and	edoxaban	(7.5	mg/mL)	in	
dimethyl	 sulfoxide	 (DMSO)	were	provided	by	Agro-	Bio	 (La	Ferté	
saint	 Aubin,	 France).	Working	 solutions,	 prepared	 in	 DMSO	 and	
further	diluted	in	physiological	saline	solution,	were	added	to	NPP	
at	eight	different	concentration	levels.	Final	dilution	was	the	same	
for	each	concentration	level	and	never	exceeded	10%	of	the	total	
sample	 volume.	A	dabigatran	 spiking	 experiment	was	performed	
by	reconstituting	commercial	calibration	plasma	(Hyphen	BioMed,	
Neuville-	sur-	Oise,	France)	in	NPP	and	adding	neat	NPP	up	to	seven	
concentration	 levels.	DOAC-	spiked	NPP	was	pretreated	with	DF	
and	DS	at	all	 levels	or	left	untreated	before	DOAC	quantification	
analysis	and	LAC	testing.

2.2  |  Patient samples

A	 total	 of	134	patient	 samples	with	 LAC	 request	were	 included.	
Within	this	cohort,	there	were	patients	treated	with	DOAC,	VKA,	



    |  3 of 19LINSKENS Et aL.

low-	molecular-	weight	 heparin	 (LMWH),	 and	 unfractionated	 hep-
arin	 (UFH)	 and	 patients	 not	 taking	 anticoagulants.	 All	 citrated	
plasma samples were collected and pretreated according to the 
ISTH	guidelines	and	stored	at	−20°C	 for	up	 to	1	week	until	 LAC	
analysis.14	For	all	samples,	LAC	testing	was	performed	before	and	
after	DF	pretreatment.	LAC	testing	of	DOAC-	containing	samples	
was	also	measured	after	incubation	of	plasma	with	DS.	DOAC	con-
centrations	were	measured	for	DOAC-	containing	samples	before	
and	after	DF/DS	treatment.	Anti-	Xa	activity	was	determined	in	pa-
tient	samples	with	LMWH	or	UFH,	and	prothrombin	time	 (PT)	 in	
patient	samples	containing	VKA.	In	addition,	21	DOAC-	containing	
patient	samples	without	LAC	request	were	included	for	evaluation	
of	DOAC	removal	efficacy.	This	study	was	approved	by	the	ethi-
cal	 committee	of	Ghent	University	Hospital.	An	overview	of	 the	
analysis	performed	with	DF	and	DS	pretreatment	 is	presented	in	
Table	S1.

2.3  |  Coagulation assays

LAC	 testing	 was	 performed	 according	 to	 the	 ISTH	 guidelines	 by	
a	 three-	step	 (screening-	mixing-	confirmatory)	 method	 using	 a	
dRVVT-		 and	 aPTT-	based	 test	 system,14	 using	 STA-	Staclot	 dRVV	
Screen,	 STA-	Staclot	 dRVV	 Confirm,	 PTT-	LA,	 and	 Staclot	 LA	 rea-
gents	(Diagnostica	Stago),	as	previously	described.37 Results are ex-
pressed	as	normalized	clotting	ratio	(NCR)	or	a	difference	of	CT	for	
Staclot	LA	aPTT.14,37

Apixaban,	rivaroxaban,	and	edoxaban	levels	were	measured	using	
a	chromogenic	anti-	Xa	assay	(STA-	Liquid	anti-	Xa;	Diagnostica	Stago)	
calibrated	for	the	corresponding	DOAC.	A	diluted	thrombin	time	(TT)	
assay	(Hemoclot	Thrombin	Inhibitors,	Hyphen	BioMed)	was	used	for	
measurement of dabigatran concentrations. Routine coagulation 
parameters,	 PT	 and	 aPTT,	were	 determined	 using	 STA-	NeoPtimal	
and	STA-	PTT	Automate	(Diagnostica	Stago),	respectively.	Heparins	
were	measured	by	a	chromogenic	anti-	Xa	assay	(STA-	Liquid	anti-	Xa,	
Diagnostica	Stago).	Intrinsic	and	extrinsic	coagulation	factors	were	
measured	by	one-	stage	assays	using	STA-	(immuno)deficient	plasma	
and	 C.K.	 Prest	 or	 STA-	NeoPtimal,	 respectively.	 All	 analyses	 were	
performed	on	a	STA-	R	Evolution	analyzer	(Diagnostica	Stago).

2.4  |  Other assays

Von	Willebrand	factor	antigen	(VWF:Ag)	and	activity	(VWF:GPIbR)	
were	 measured	 by	 chemiluminescense	 on	 AcuStar	 (Werfen	
Instrumentation	 Laboratory,	 Bedford,	 USA)	 using	 corresponding	
HemosIL	reagents.	Thrombin	generation	(TG)	was	performed	by	cali-
brated	automated	thrombinography	using	a	fluorometer	(Fluoroskan	
Ascent;	 Thermolab,	 Massachusetts,	 USA)	 with	 Thrombinoscope	
software	(Diagnostica	Stago)	with	PPP	reagent	(5	pM	tissue	factor	on	
PPP.	Free	tissue	factor	pathway	inhibitor	(TFPI)	antigen	was	meas-
ured	by	an	ELISA	using	Asserchrom	Free	TFPI	 (Diagnostica	Stago)	
and	performed	according	to	the	manufacturer’s	recommendations.

2.5  |  DF and DS procedure

DF	 and	 DS	 treatment	 was	 performed	 according	 to	 the	 manufac-
turer’s	 instructions.	 Six	 hundred	 microliters	 of	 citrated	 PPP	 was	
loaded	in	the	cartridge	of	the	DF	and	was	centrifuged	at	300	g for 
15	minutes	 at	 room	 temperature.	 Filtered	 PPP	was	 collected	 in	 a	
STA-	Microtainer.	One	DS	minitablet	was	added	to	1	mL	PPP,	which	
was	subsequently	incubated	and	mixed	for	5	minutes	at	room	tem-
perature,	followed	by	a	centrifugation	step	of	15	minutes	at	2230	g. 
The supernatant was collected for further analysis.

2.6  |  Statistics

All	 statistical	 analyses	 were	 computed	 using	 MedCalc	 statistical	
software	(MedCalc	Software,	Ostend,	Belgium).	Data	are	presented	
as	median	(range,	minimum-	maximum)	and	mean	percentage	differ-
ence/deviation	(95%	confidence	interval	[CI])	calculated	as	follows:	
(resultDF/DS	 treated	 –		 resultuntreated)/(resultuntreated)	 ×	 100.	 Statistical	
comparison	 was	 performed	 using	Wilcoxon	 matched-	pair	 signed-	
rank	tests.	A	P value <.05 was considered statistically significant.

3  |  RESULTS

3.1  |  Volume recovery and efficacy of DF and DS 
for DOAC removal

3.1.1  |  Residual	volume	of	plasma	after	DF	and	
DS	treatment

Volume	assessment	was	carried	out	after	treatment	with	DF	(600	µL	
per	filter)	on	30	plasma	samples	and	after	treatment	with	DS	(1	mL	
per	tablet)	on	20	plasma	samples.	Mean	volume	recovered	after	DF	
treatment	was	465	µL	(95%	CI,	456-	472	µL)	with	a	mean	plasma	re-
covery	of	77.4%.	After	DS	treatment,	 the	mean	recovered	volume	
was	861	µL	(95%	CI,	843-	880	µL),	corresponding	to	a	mean	plasma	
recovery	of	86.1%.	The	volume	reproducibility	of	DF	and	DS	treat-
ment	 expressed	 in	 coefficient	 of	 variation	 was	 4.1%	 and	 4.6%,	
respectively.

3.1.2  |  Efficacy	of	DOAC	removal	by	DF	and	DS	in	
spiked	NPP	and	in	patient	samples

DOAC	concentration	in	spiked	untreated	NPP,	spiked	NPP	after	DF	
treatment,	and	spiked	NPP	after	after	DS	treatment	are	presented	in	
Figure	1.	Apixaban	concentrations	in	spiked	untreated	NPP	ranged	
from	32	to	894	ng/mL,	for	rivaroxaban	from	34	to	962	ng/mL,	for	
edoxaban	 from	32–	908	ng/mL,	 and	dabigatran	 ranged	 from	45	 to	
503	ng/mL.	DOAC	concentrations	measured	in	spiked	NPP	samples	
after	DF	or	DS	treatment	were	all	below	the	corresponding	 lower	
limit	 of	 quantification	 (LLoQ),	 except	 for	 apixaban	 at	 the	 highest	
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concentration	after	DF	treatment	with	a	 residual	concentration	of	
20	ng/mL	that	equals	the	LLoQ.

DOAC	measurement	was	performed	on	DOAC-	containing	sam-
ples	from	patients	with	LAC	request	(n	=	35)	and	patients	without	
LAC	request	 (n	=	21)	before	and	after	DF	treatment.	DOAC	mea-
surement	after	DS	treatment	was	only	performed	on	samples	with	
LAC	request	(n	=	35).	Results	are	presented	in	Table	1.	DOAC	pres-
ence	in	untreated	samples	was	confirmed	as	a	DOAC	concentration	
above	the	LLoQ	was	obtained	for	all	samples	(Table	1).	After	DOAC	
removal,	 by	both	DF	 and	DS	 treatment,	 no	DOAC	concentrations	
above	 LLoQ	 were	 measured	 for	 all	 samples	 with	 LAC	 request.	
Among	 the	 21	 samples	 without	 LAC	 request,	 DOAC	 was	 incom-
pletely	 removed	 in	 three	 samples	 after	DF	 treatment,	 resulting	 in	
concentrations	 above	 the	 corresponding	 LLoQ.	 Two	 samples	 con-
taining	94	and	191	ng/mL	apixaban	before	DF	treatment,	contained	

a	DOAC	level	of	28	and	33	ng/mL,	respectively,	after	filtration.	For	
one	sample	containing	135	ng/mL	dabigatran	before	DF	treatment,	a	
concentration	of	27	ng/mL	was	measured	after	filtration.

3.2  |  DOAC interference and effect of 
pretreatment by DF and DS on LAC testing (spiking 
experiment)

3.2.1  |  LAC	test	results	in	neat	(untreated)	NPP	
spiked	with	DOAC

In	NPP	spiked	with	increasing	concentrations	of	DOAC	(see	above),	
a	concentration-	dependent	increase	of	NCR	was	seen	for	the	three	
dRVVT	LAC	steps	and	for	the	aPTT	screen	and	mixing	step.	DRVVT	

F I G U R E  1 Efficacy of DOAC removal by DOAC Filter and DOAC- Stop in spiked normal pooled plasma.	Apixaban,	rivaroxban,	edoxaban	
and	dabigatran	concentrations	in	spiked	untreated	normal	pooled	plasma	(untreated)	and	in	spiked	plasma	following	pretreatment	of	600	µL	
plasma	with	DOAC	Filter	(DF	treated)	or	following	pretreatment	of	1	mL	plasma	with	one	DOAC-	Stop	minitablet	(DS	treated).	The	dotted	
lines	represent	the	lower	limit	of	quantification	(LLoQ;	20	ng/mL	for	apixaban	and	edoxaban,	21	ng/mL	for	rivaroxaban	and	dabigatran).	
Empty	circles	represent	DOAC	concentrations	above	the	respective	LLoQ	and	filled	black	circles	represent	concentrations	below	the	
respective	LLoQ.	DF,	DOAC	Filter,	DS,	DOAC-	Stop
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and	 aPTT	 results	 of	 untreated	 spiked	 NPP	 for	 all	 four	 DOACs	 in	
function	of	 the	DOAC	concentration	are	shown	 in	Figure	S1.	LAC	
results	 were	 most	 affected	 by	 dabigatran,	 even	 from	 the	 low-
est	concentration	spiked	 (44	ng/mL),	while	LAC	results	were	 least	
influenced	 by	 apixaban.	 Table	 S2	 shows	 the	 highest	 DOAC	 con-
centrations	 in	 untreated	NPP	 for	which	 no	 false-	positive	 LAC	 re-
sult	was	obtained.	The	dRVVT	system	was	highly	effected,	with	a	
false-	positive	dRVVT	conclusion	for	samples	containing	>49	ng/mL	
rivaroxaban,	>32	 ng/mL	 edoxaban,	 or	>21	 ng/mL	 dabigatran.	 For	
apixaban,	no	false-	positive	dRVVT	conclusion	was	obtained	 (up	to	
the	 highest	 spiked	 concentration	 of	 894	ng/mL)	 due	 to	 a	mild	 ef-
fect on dRVVT screen and a stronger effect on dRVVT confirm or 
dRVVT	confirm	mix,	leading	to	a	confirmatory	NCR	below	the	cut-
off.	For	 the	aPTT	system	end	conclusion,	no	 false-	positive	 results	

were obtained since the aPTT confirmatory tests were unaffected 
for	all	DOACs.	Altogether,	as	also	shown	in	Table	S2,	false-	positive	
LAC	final	conclusions	were	seen	for	rivaroxaban,	edoxaban,	and	da-
bigatran	in	DOAC	spiked	NPP	samples,	due	to	false	positivity	in	the	
dRVVT	test	system.	No	false-	positive	LAC	results	were	obtained	for	
NPP	samples	spiked	with	apixaban.

3.2.2  |  LAC	test	results	in	spiked	NPP	after	
treatment	with	DF	and	DS

dRVVT	and	aPTT	results	of	DF-		and	DS-	treated	spiked	NPP	in	function	
of	the	DOAC	concentration	are	shown	in	Figure	S1	for	all	four	DOACs.	
NCR	were	calculated	using	untreated	NPP	and	NPP	pretreated	with	

TA B L E  1 Efficacy	of	DOAC	removal	by	DOAC	Filter	and	DOAC-	Stop	in	patient	samples

Apixaban

Patient samples without LAC request Patient samples with LAC request

No.of samples 5 4

Treatment Untreated DF treated Untreated DF treated DS treated

DOAC	concentration	range	(ng/ml) 94	–		350 <20–	33 51–	279 <20 <20

LLoQ	(ng/ml) 20 20

No.	of	samples	above	LLoQ 5 2 4 0 0

Rivaroxaban

Patient samples without LAC request Patient samples with LAC request

No.of samples 5 20

Treatment Untreated DF treated Untreated DF treated DS treated

DOAC	concentration	range,	ng/mL 153-	449 <21 27-	508 <21 <21

LLoQ,	ng/mL 21 21

No.	of	samples	above	LLoQ 5 0 20 0 0

Edoxaban

Patient samples without LAC request Patient samples with LAC request

No. of samples 6 5

Treatment Untreated DF treated Untreated DF treated DS treated

DOAC	concentration	range	(ng/ml) 131–	413 <20 22–	239 <20 <20

LLoQ	(ng/ml) 20 20

No.	of	samples	above	LLoQ 6 0 5 0 0

Dabigatran

Patient samples without LAC request Patient samples with LAC request

No. of samples 5 6

Treatment Untreated DF treated Untreated DF treated DS treated

DOAC	concentration	range,	ng/mL 135-	441 <21–	27 23-	373 <21 <21

LLoQ,	ng/mL 21 21

No.	of	samples	above	LLoQ 5 1 6 0 0

Abbreviations:	DF,	DOAC	Filter;	DOAC,	direct	oral	anticoagulant;	DS,	DOAC-	Stop;	LLoQ,	lower	limit	of	quantification.
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DF.	The	reduction	in	CTs	after	DF	as	well	as	DS	treatment	in	the	dRVVT	
screen,	mix,	and	confirmatory	step	showed	NCR	below	the	 in-	house	
cutoff	for	apixaban-	,	rivaroxaban-	,	and	edoxaban-	spiked	NPP	samples,	
overcoming	of	false-	positive	dRVVT	conclusion,	even	up	to	the	highest	
DOAC	 concentrations	 (Table	 S2).	 In	 dabigatran-	spiked	NPP	 samples,	
false-	positive	dRVVT	 screen,	mix,	 and	 confirmatory	 results	were	ob-
served	for	both	DF	and	DS	pretreated	samples	containing	a	dabigatran	
concentration	 of	 67	 ng/mL.	Therefore,	 negative	 dRVVT	 screen,	mix,	
and confirmatory results obtained for higher dabigatran concentrations 
within	the	spiking	experiment	were	considered	unreliable.	Of	note,	a	
false-	positive	dRVVT	conclusion	was	not	obtained	when	applying	NCR	
calculation	with	neat	NPP	after	DF	treatment.	For	all	three	steps	of	the	
aPTT	system,	NCRs	below	the	 in-	house	cutoff	values	were	obtained	
after	both	DF	or	DS	for	all	concentrations,	for	all	DOACs	(Figure	S1B).	
No	false-	positive	aPTT	conclusions	were	obtained	after	DF	or	DS	treat-
ment,	as	was	also	the	case	in	untreated	spiked	NPP	(Table	S2).	A	more	
detailed	comparison	of	results	obtained	after	DF	and	DS	pretreatment	
of	the	spiked	NPP	samples	is	presented	in	Table	S3.

3.3  |  Effect of pretreatment by DF on LAC testing 
in NPP and patient samples

3.3.1  |  Study	population

In	this	study,	we	included	134	patient	samples	with	a	routine	LAC	re-
quest:	53.7%	(n	=	72)	of	samples	originated	from	a	LAC	request	in	the	
context	 of	 thrombophilia	 screening	 (3	 patients	 with	 suspected	 APS),	
17.9%	(n	=	24)	patients	with	(suspected)	autoimmune	disease	(2	patients	
with	suspected	APS),	5.5%	(n	=	7)	LAC	requests	in	the	context	of	preg-
nancy	complications	and	in	vitro	fertilization,	3.7%	(n	=	5)	patients	with	
liver	disease,	5.2%	(n	=	7)	patients	with	a	workup	for	prolonged	aPTT,	
9.7%	(n	=	13)	patients	with	known	APS	in	follow-	up,	and	4.5%	(n	=	6)	
patients	for	which	no	clear	indication	for	LAC	testing	could	be	identified.	
Further	specifications	are	presented	in	Table	S4.	At	the	time	of	sample	
collection,	68	patients	(50.7%)	did	not	receive	any	anticoagulant	therapy,	
35	(26.1%)	patients	were	treated	with	DOAC	(apixaban,	n	=	4;	rivaroxa-
ban,	n	=	20;	edoxaban,	n	= 5; and dabigatran n =	6)	and	31	patients	

F I G U R E  2 	=	51	for	dRVVT	and	PTT-	LA	screen;	n	=	47	for	dRVVT	confirm);	(B)	non–	anticoagulant-	containing	patient	samples	(n=68);	(C)	
vitamin	K	antagonists	or	heparin-	containing	patient	samples	(n	=	31).	P	values	obtained	from	Wilcoxon	signed-	rank	test.	CT,	clotting	time;	
DF,	DOAC	Filter;	LAC,	lupus	anticoagulant

(A)

(B)

(C)
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with	other	anticoagulants	 (LMWH,	n	=	9;	UFH,	n	=	3;	VKA,	n	=	17;	
LMWH	+	VKA,	n	=	2).	Anti-	Xa	activities	in	heparin-	containing	samples	
ranged	from	0.1	to	1.05	IU/mL	and	PT	levels	(international	normalized	
ratios);	VKA-	containing	samples	ranged	from	1.3	to	3.9.	 In	addition,	5	
LAC	positive	patient	samples	(3	patients	with	known	APS	and	2	patients	
APS	not	confirmed)	were	spiked	with	rivaroxaban	(±300	ng/mL).

3.3.2  |  Effect	of	DF	pretreatment	on	clotting	
times of screening and confirmation step in 
LAC	testing

DF	treatment	of	NPP	samples	showed	a	statistically	significant	dif-
ference	for	CTs	in	dRVVT	screen,	PTT-	LA	screen	and	dRVVT	con-
firm	assays	(Figure	2A);	however,	the	shortenings	in	CTs	were	very	
limited.	Data	are	presented	in	Table	S4.	Boxplots	shown	in	Figure	2B	
and	C	present	CTs	before	and	after	DF	treatment	of	the	patient	sub-
groups	without	anticoagulant	and	patients	on	VKA,	UFH,	or	LMWH	
therapy.	Within	 the	 samples	 from	nonanticoagulated	patients,	de-
crease	in	CTs	for	dRVVT	screen,	PTT-	LA	screen,	and	dRVVT	confirm	
were	 similar	 to	 those	 observed	 in	NPP	 (Table	 S5).	 dRVVT	 screen,	
PTT-	LA	 screen,	 and	dRVVT	 confirm	 results	 after	DF	 treatment	 in	

the	 VKA/UFH/LMWH	 patient	 group	 also	 decreased	 significantly.	
Differences were more pronounced compared to those seen for 
NPP	or	nonanticoagulated	patient	samples	(Table	S5,	Figure	2C).	As	
dRVVT screen and confirm were both affected to a similar extent 
for	 VKA/UFH/LMWH-	containing	 samples,	 the	 resulting	 screen/
confirm ratios were not significantly different (P =	 .21).	Mean	per-
centage	differences	 in	CTs	for	dRVVT	screen,	PTT-	LA	screen,	and	
dRVVT confirm in both patient subgroups were all <10%,	 except	
for	PTT-	LA	screen	within	the	VKA/UFH/LMWH-	containing	patient	
group	 (mean	 difference,	 −11.5%	 [−15.7%	 to	 −7.3%]).	 As	 expected,	
in	DOAC-	containing	samples,	DF	treatment	decreased	the	CTs	for	
dRVVT	screen,	PTT-	LA	screen,	and	dRVVT	confirm	significantly.

3.3.3  |  LAC	test	results	in	patients	treated	
with	DOAC

In	33	of	35	(94.2%)	untreated	DOAC-	containing	samples,	LAC	was	
positive,	 of	 which	 30	 samples	 were	 positive	 only	 in	 the	 dRVVT-	
system,	 and	 3	 samples	 were	 positive	 for	 both	 dRVVT	 and	 aPTT	
systems.	Two	untreated	DOAC-	containing	samples,	both	containing	
apixaban	(60	and	279	ng/mL),	were	LAC	negative.	Table	2	presents	

TA B L E  2 2	×	2	Contingency	table	for	dRVVT-		and	aPTT-	based	LAC	screening,	mixing,	and	confirmatory	tests	along	with	conclusions	in	
both	test	systems	and	final	LAC	conclusions.	Results	before	and	after	DF	treatment	and	DS	treatment	in	patient	samples	containing	DOACs

Not treated

DOAC

After DF (a) After DF (b) After DS (a)

Positive Negative Positive Negative Positive Negative

dRVVT
Screening Positive 5 30 5 30 9 26

Negative 0 0 0 0 0 0

Mixing Positive 5 0 5 0 8 1

Negative 0 0 0 0 0 0

Confirmatory Positive 5 0 5 0 8 0

Negative 0 0 0 0 0 0

Conclusion Positive 5 28 5 28 8 25

Negative 0 2 0 2 0 2

aPTT
Screening Positive 4 16 4 16 5 15

Negative 0 15 0 15 0 15

Mixing Positive 3 0 2 1 4 0

Negative 0 1 0 1 0 1

Confirmatory Positive 2 0 2 0 3 0

Negative 0 2 0 2 0 2

Conclusion Positive 2 1 2 1 3 0

Negative 0 32 0 32 2 30

LAC
Final	conclusion Positive 5 28 5 28 9 24

Negative 0 2 0 2 0 2

Note: Results	interpreted	by	NCR	calculated	by	the	clotting	time	of	neat	NPP	(a)	and	the	clotting	time	of	DF	treated	NPP	(b).
Abbreviations:	aPTT,	activated	thromboplastin	time;	DF,	DOAC	Filter;	DOAC,	direct	oral	anticoagulant;	dRVVT,	diluted	Russell’s	viper	venom	time;	
DS,	DOAC-	Stop;	LAC,	lupus	anticoagulant;	NCR,	normalized	clotting	ratio;	NPP,	normal	pooled	plasma.
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the	effect	of	DF	and	DS	treatment	on	LAC	interpretations	in	a	2	× 2 
contingency	table.	Final	LAC	conclusions	changed	from	positive	to	
negative	after	DF	treatment	for	28	of	33	(84.8%)	samples,	because	
of	 the	 dRVVT	 system	becoming	 negative	 in	 27	 samples	 and	 both	
systems	becoming	negative	 in	1	sample.	Final	LAC	conclusions	re-
mained	 positive	 in	 5	 of	 33	 (15.2%)	 samples:	 1	 sample	 containing	
dabigatran	(32	ng/mL	before	DF),	3	samples	containing	rivaroxaban	
(27,	220,	and	352	ng/mL	before	DF),	and	1	sample	containing	edoxa-
ban	(63.5	ng/mL	before	DF).	Three	5	samples	remained	positive	in	
the	dRVVT-	based	system	and	2	samples	in	both	dRVVT-		and	aPTT-	
based	 systems.	Residual	DOAC	concentration,	measured	 after	DF	
treatment,	were	all	below	the	 respective	LLoQ.	One	sample	origi-
nated	from	a	patient	with	known	APS	taking	rivaroxaban.	The	other	
4	samples	remaining	LAC	positive	after	filtration	were	from	patients	
with	a	low	probability	for	APS	(no	or	provoked	thrombosis,	no	preg-
nancy	complications,	a	negative	second	LAC	testing	and	low	titers	
for	 anticardiolipin	 and	 anti-	β2	 glycoprotein	 I	 antibodies).	 In	 the	 2	
DOAC-	containing	samples,	LAC	negative	before	DF	treatment,	final	
LAC	conclusions	remained	negative	after	filtration.	Of	note,	within	
this	 subgroup	 of	 DOAC-	containing	 samples,	 no	 different	 dRVVT-	
based,	 aPTT-	based,	 or	 final	 LAC	 conclusions	were	 obtained	when	
calculating	NCR	using	neat	NPP	versus	filtered	NPP	(Table	2).

For	 all	 DOAC-	containing	 samples,	 DF	 treatment	 as	 well	 as	 DS	
treatment	was	performed.	Final	LAC	conclusions	were	concordant	in	
31	of	35	 (88.6%)	of	 the	cases	 (Table	2).	 In	4	samples,	dRVVT-	based	
LAC	 interpretation,	and	consequently	also	 the	 final	LAC	conclusion,	
became	negative	after	DF	treatment,	whereas	the	dRVVT	system	re-
mained	 positive	 after	DS	 treatment	 (Table	 3).	 Residual	DOAC	mea-
surement	was	 below	 the	 LLoQ	 after	 DF	 and	DS	 treatment	 in	 all	 4	
samples.	None	of	these	samples	originated	from	patients	with	APS;	in	
fact,	all	patients	had	a	very	low	probability	for	APS	diagnosis	(1	patient	
without	any	history	of	thrombosis,	3	patients	with	a	negative	second	
LAC	testing	after	>12	weeks,	and	none	of	the	4	patients	with	positive	
anticardiolipin	or	anti-	β2	glycoprotein	I	antibodies).

To	 verify	 not	 missing	 true	 LAC	 positives	 in	 DOAC-	containing	
samples	 after	DF	 treatment,	 5	 LAC	 positive	 samples	were	 spiked	
with	 rivaroxaban.	A	significant	 increase	 in	CT	was	 seen	 in	all	 LAC	
steps	 of	 both	 systems	 compared	 to	 the	 unspiked	 samples.	 After	
DF	treatment,	CTs	returned	to	the	values	obtained	before	DOAC-	
spiking	of	 the	 samples	 and,	 importantly,	 interpretation	of	dRVVT-	
based,	aPTT-	based,	and	final	LAC	conclusions	remained	the	same	in	
all	samples,	not	missing	any	true	LAC	positivity.

3.3.4  |  LAC	test	results	in	patients	treated	with	
VKA	and	heparins

Within	the	sample	group	containing	VKA	or	heparins,	final	LAC	con-
clusions	were	not	 influenced	by	DF	treatment	 in	25	of	31	(80.6%)	
samples	 (Table	4).	 In	5	patient	 samples,	 the	 final	 LAC	conclusions	
altered	 from	positive	 to	negative	 (detailed	 results	 in	Table	5).	Two	
LMWH-	containing	 samples	 became	 negative	 in	 LAC	 conclusion	
due	to	a	negative	PTT-	LA	screen	after	filtration	and	originated	from	

patients	without	APS.	The	other	samples,	2	VKA-	containing	and	1	
VKA/LWMH-	containing	 sample,	 originated	 from	 2	 patients	 with	
known	APS	and	1	patient	with	suspected	APS.	In	1	VKA-	containing	
sample	from	a	patient	with	APS,	the	final	LAC	interpretation	changed	
to negative due to the dRVVT screen result becoming negative after 
DF	 treatment.	 For	 the	2	other	 samples	 (1	VKA-	containing	 sample	
from	 a	 patient	with	APS	 and	 1	 patient	with	 suspected	APS	 con-
taining	VKA/LMWH),	the	dRVVT	mix	as	well	as	the	PTT-	LA	screen	
results	altered	into	a	negative	interpretation,	 leading	to	a	negative	
final	LAC	conclusion	after	filtration	(Table	5).	In	1	LMWH-	containing	
sample,	the	LAC	end	conclusion	is	changed	from	negative	to	posi-
tive	due	to	a	borderline	positive	Staclot	result	after	DF	treatment.	
Within	this	patient	subgroup	containing	VKA/LMWH/UFH,	several	
changes	 in	 the	different	steps	of	LAC	measurement	were	noticed.	
Interpretation	of	dRVVT	screen,	mix,	and	confirmatory	tests	altered	
in	 3.2%,	 16.7%,	 and	 5.0%	 of	 the	 cases,	 respectively.	 As	 a	 result,	
dRVVT-	based	LAC	conclusions	changed	in	4	of	31	(12.9%)	(Tables	4	
and	5).	It	is	noteworthythat	in	2	extra	samples	containing	VKA,	the	
dRVVT-	based	conclusion	after	filtration	and	consequently	also	the	
final	LAC	conclusion,	was	influenced	from	a	negative	to	positive	in-
terpretation	when	using	NCR	calculated	with	filtered	NPP,	while	in-
terpretations	did	not	alter	when	using	neat	NPP	for	NCR	calculation.	
On	 the	 other	 hand,	 final	 LAC	 interpretation	 of	 the	 sample	 of	 the	
patient	with	 suspected	APS	 containing	VKA	 and	 LMHW	 changed	
from	positive	to	negative	after	DF	using	neat	NPP	for	NCR	calcula-
tion,	while	 it	 remained	 positive	 after	DF	when	using	 filtered	NPP	
for	NCR	calculation.	Discordances	 in	the	aPTT-	based	system	were	
more	 pronounced,	with	 changes	 in	 screen,	mix,	 and	 confirmatory	
interpretation	in	35.5%,	21.2%,	and	7.1%	of	the	cases,	respectively,	
and	altered	aPTT	system	end	conclusion	in	5	of	31	(16.1%)	samples	
(Tables	4	and	5).

3.3.5  |  LAC	test	results	
in nonanticoagulated patients

In	 the	patient	control	group	without	any	anticoagulants,	 final	LAC	
conclusions	were	unchanged	after	DF	treatment	in	63	of	68	(92.6%)	
cases	(Table	4).	In	4	patients,	LAC	conclusions	altered	from	positive	
to	negative,	whereas	1	negative	result	became	positive	(detailed	re-
sults	 in	Table	5).	 In	8	of	68	samples,	dRVVT	screen	 interpretation	
altered	 due	 to	 a	 shortening	 in	CT,	 resulting	 in	NCR	below	 the	 in-	
house	established	cutoff	(Table	4),	as	evidenced	by	the	median	ra-
tios	presented	in	Tables	6	and	7.	This	resulted	in	a	negative	dRVVT	
end	conclusion	 for	5	samples	after	 filtration,	 leading	 to	an	altered	
(negative)	final	LAC	conclusion	for	4	samples	 (Table	4).	Within	the	
aPTT	system,	however,	conclusions	changed	from	negative	to	posi-
tive	after	DF	treatment	for	4	of	68	(5.9%)	patient	samples,	due	to	a	
slightly higher CT measured for the buffer control aPTT during the 
aPTT	confirmation	 test,	 resulting	 in	a	higher	 calculated	difference	
(Tables	6	and	7).	All	4	discordances	altered	 into	a	borderline	posi-
tive	Staclot	result	(Table	5).	aPTT	screening	results	altered	in	13	of	
68	 (19.1%)	cases,	with	12	 resulting	 in	a	negative	aPTT	screen	due	
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to	 a	 decreased	NCR	 (below	 the	 in-	house	 cutoff)	 (Tables	6	 and	7),	
but not changing the aPTT end conclusion due to negative following 
steps	before	DF	treatment.	Of	the	4	samples	with	an	altered	final	
LAC	 conclusion	 into	 negative	 after	 DF	 treatment,	 only	 1	 patient	
was	suspected	for	APS	diagnosis	but	not	confirmed.	Of	note,	differ-
ences	in	dRVVT	conclusion,	aPTT	conclusion,	or	end	LAC	conclusion	
when	calculated	NCR	using	neat	NPP	versus	filtered	NPP	were	not	
observed.

3.4  |  Effect of DF on routine and specialized 
coagulation assays

To	 further	 examine	 the	 shortened	 CTs	 of	 the	 LAC	 assays	 after	
DF	 treatment	 and	 to	 verify	 the	 sample	 integrity	 after	 filtra-
tion,	 PT,	 aPTT,	 TT,	 fibrinogen,	 coagulation	 factors,	VWF:Ag	 and	
VWF:GPIbR,	 TG,	 and	 TFPI	 were	measured	 before	 and	 after	 DF	
treatment	on	20	LAC-	negative	patient	samples	not	containing	any	
anticoagulant.	Results	are	shown	in	Table	8,	presenting	median	val-
ues before and after filtration and mean percentage differences.

PT,	 aPTT,	 and	 TT	 showed	 a	 statistically	 significant	 difference;	
however,	 all	mean	differences	 (<10%)	were	not	 clinically	 relevant.	
For	factors	 II,	X,	and	XII	an	 increase	 in	clotting	activity	with	mean	
differences of >10%	was	seen	(Table	8),	which	can	cause	a	procoag-
ulant	effect,	possibly	explaining	the	shortened	CTs	seen	in	the	LAC	
assays.	Although	for	all	other	coagulation	factors,	a	statistically	sig-
nificant	difference	is	observed,	the	differences	seem	to	be	clinically	
irrelevant (mean differences of <10%).	VWF:Ag	measurements	be-
fore	and	after	DF	did	not	show	a	statistical	or	clinical	significant	dif-
ference.	In	contrast,	VWF:GPIbR	showed	a	significant	increase,	with	
a	mean	difference	of	11.9%.	A	procoagulant	 effect	 after	 filtration	
was	also	seen	in	the	TG	assay.	Results	are	expressed	as	normalized	
ratio	(Table	8).	Normalization	of	TG	parameters	was	performed	by	an	
untreated	NPP	analyzed	in	every	run.38 The thrombogram showed 
a	significantly	higher	peak	height	(PH)	and	velocity	index	(VI)	and	a	
lower	time	to	peak	 (TTP).	 In	addition,	a	statistically	significant	but	
very	 limited	increase	 in	endogen	thrombin	potential	 (ETP)	was	ob-
served,	while	a	significant	shortening	of	the	lag	time	(LT)	could	not	
be	detected.	In	all	20	samples,	a	significant	decrease	in	TFPI	concen-
tration	was	observed,	with	a	mean	difference	of	−47.3%.

4  |  DISCUSSION

Interference	 of	 DOACs	 (apixaban,	 rivaroxaban,	 dabigatran,	 and	
edoxaban)	 on	 dRVVT-		 and	 aPTT-	based	 LAC	 testing,	 resulting	 in	
false-	positive	 LAC	 interpretation,	 is	 well	 known	 within	 the	 he-
mostasis laboratories.4,6,9,16,17,30,39	 Our	 observations	 on	 DOAC	
influence	 in	 functional	 LAC	clotting	 assays	 are	 in	 line	with	previ-
ous published findings.1-	3,16,17,30,39 We showed interference of ri-
varoxaban,	 dabigatran,	 and	 edoxaban	 resulting	 in	 false-	positive	
dRVVT	LAC	conclusions	starting	from	concentrations	above	49,	21,	
and	32	ng/mL,	respectively.	Apixaban	showed	a	prolongation	of	CT	Sa
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but	to	a	much	lesser	extent,	not	resulting	in	false-	positive	LAC	in-
terpretations	up	to	a	concentration	of	849	ng/mL.	Concordant	with	
our	previous	findings,30	the	aPTT-	based	system	is	less	affected	by	
DOAC,	 not	 obtaining	 any	 false-	positive	 aPTT	 conclusions	 in	 the	
spiking	experiment.

Many	 different	 strategies	 have	 been	 proposed	 to	 eliminate	
DOAC	 interferences	 in	 coagulation	 assays,	 but	 all	 have	 their	 lim-
itations.4,9,14,40	 As	 DOAC	 prescription	 has	 increased	 significantly	
over	the	past	few	years,41,42 clinical laboratories will receive more 
DOAC-	containing	samples	and	have	to	choose	a	strategy	on	how	
to	 cope	with	 this	 to	 obtain	 reliable	 test	 results.	 DOAC-	removing	
agents will be used more commonly by laboratories to eliminate 
DOAC	 interference	 on	 several	 coagulation	 assays.40 The effects 
of	DS,	DOAC-	Remove,	and	active	charcoal	have	been	evaluated	in	
multiple	studies,	giving	 interesting	results	on	elimination	capacity	
and sample integrity.23-	30,43,44	 ISTH	guidelines,	 however,	 still	 rec-
ommend	 to	 interpret	 results	 after	 using	 a	DOAC-	removing	 agent	
with caution.14,15	In	this	study,	we	evaluated	a	new	device,	DOAC	
Filter,	on	its	efficacy	to	remove	DOACs	even	at	high	concentrations	

and	 eliminate	 their	 interference	 encountered	 in	 LAC	 testing.	
Furthermore,	 we	 verified	 the	 sample	 integrity	 after	 filtration	 by	
evaluating multiple coagulation parameters. To the best of our 
knowledge,	 this	 study	 included	 the	 largest	 study	 population	 and	
control	group	to	evaluate	DF	to	date.

In	accordance	with	the	study	of	Sevenet	et	al,34	including	DOAC	
concentrations	 up	 to	 300	 ng/mL,	 we	 demonstrated	 an	 effective	
trapping	 of	 the	 tested	DOACs	by	DF.	 In	 our	 study,	 even	 suprath-
erapeutic concentrations were effectively removed for all four 
DOACs	 (Figure	1).	 In	 a	 communicated	preliminary	 study,45 the ef-
ficacy	 of	 DOAC	 removal	 by	 DS,	 DP-	Filter	 (Universite	 De	 Namur,	
Belgium)	and	 the	DF	used	 in	our	 study	was	 investigated	 in	 spiked	
NPP	with	concentrations	of	rivaroxaban,	dabigatran,	and	apixaban	
up	 to	500	ng/mL.	The	 three	DOAC-	removing	 techniques	 reduced	
all	 rivaroxaban	and	dabigatran	 concentrations	 to	below	 the	LLoQ.	
For	apixaban,	however,	DF	was	unable	to	eliminate	a	concentration	
>250	 ng/mL.45	 Measuring	 rivaroxaban	 and	 apixaban	 concentra-
tions	 by	 high-	performance	 liquid	 chromatography–	tandem	 mass	
spectrometry	 with	 a	 LLoQ	 of	 2	 ng/mL,	 Farkh	 and	 colleagues46 

TA B L E  4 2	×	2	Contingency	table	for	dilute	dRVVT-		and	aPTT-	based	LAC	screening,	mixing	and	confirmatory	tests	along	with	
conclusions	in	both	test	systems	and	final	LAC	conclusions.	Results	before	and	after	DF	treatment	in	patient	samples	without	any	
anticoagulants	and	patient	samples	containing	VKAs	or	heparins

Not treated

No anticoagulants VKA/LMWH/UFH

After DF (a) After DF (b) After DF (a) After DF (b)

Positive Negative Positive Negative Positive Negative Positive Negative

dRVVT

Screening Positive 17 8 17 8 23 1 23 1

Negative 0 43 0 43 0 7 1 6

Mixing Positive 17 0 17 0 18 4 20 2

Negative 0 0 0 0 0 2 1 1

Confirmatory Positive 17 0 17 0 18 1 19 1

Negative 0 0 0 0 0 1 1 0

Conclusion Positive 17 5 17 5 18 4 19 3

Negative 0 46 0 46 0 9 2 7

aPTT

Screening Positive 26 12 28 10 15 9 17 7

Negative 1 29 1 29 2 5 2 5

Mixing Positive 23 3 25 1 10 3 11 2

Negative 0 5 2 3 1 5 1 5

Confirmatory Positive 7 0 7 0 6 0 6 0

Negative 4 21 4 21 1 7 1 7

Conclusion Positive 7 0 7 0 6 4 6 4

Negative 4 57 4 57 1 20 1 20

LAC

Final	conclusion Positive 19 4 19 4 19 5 20 4

Negative 1 44 1 44 1 6 3 4

Note: Results	interpreted	by	NCR	calculated	by	the	clotting	time	of	neat	NPP	(a)	and	the	clotting	time	of	DF	treated	NPP	(b).
Abbreviations:	aPTT,	activated	thromboplastin	time;	DF,	DOAC	Filter;	DOAC,	direct	oral	anticoagulants;	dRVVT,	diluted	Russell’s	viper	venom	time;	
LAC,	lupus	anticoagulant;	NCR,	normalized	clotting	time	ratio;	NPP,	normal	pooled	plasma;	VKA,	vitamin	K	antagonist.
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TA B L E  5 Discrepancies	in	LAC	results	for	patient	samples	not	containing	any	anticoagulants	and	patient	samples	containing	vitamin	K	
antagonists or heparins

Sample Patient samples: no anticoagulants

Not treated After DF (a)

dRVVT- based aPTT- based LAC dRVVT- based

Scr Mix Conf Concl Scr Mix Conf Concl Concl Scr Mix Conf Concl

Cut- off 1.39 1.10 1.10 1.33 1.12 8 s 1.39 1.10 1.10

APS pos pos Pos pos pos pos neg
3.4	s

neg pos pos pos pos pos

LAC	pos pos
1.49

pos Pos pos pos pos neg neg
4.4	s

pos neg
1.32

–	 –	 neg

APS pos pos Pos pos pos pos neg
5.5 s

neg pos pos pos pos pos

LAC	pos pos
1.40

pos Pos pos pos pos neg neg pos neg
1.33

–	 –	 neg

LAC	neg neg –	 –	 neg pos pos neg
6.7	s

neg neg neg –	 –	 neg

LAC	pos pos
1.52

pos Pos pos neg –	 –	 neg pos neg
1.36

–	 –	 neg

Suspected	APS pos
1.48

pos Pos pos pos
1.34

pos neg neg pos neg
1.22

–	 –	 neg

LAC	pos pos
1.44

pos Pos pos neg –	 –	 neg pos neg
1.25

–	 –	 neg

Patient	samples:	AVK/UFH/LMWH

LMWH neg –	 –	 neg pos
1.64

pos pos pos pos neg –	 –	 neg

VKA pos neg
1.06

–	 neg neg –	 –	 neg neg pos neg
1.02

–	 neg

APS	(VKA) pos
2.01

pos Pos pos neg –	 –	 neg pos neg
1.25

–	 –	 neg

Suspected
APS	(UFH)

pos pos
1.23

Pos pos pos pos pos pos pos pos neg
1.07

–	 neg

LMWH pos pos Pos pos pos
1.57

pos pos pos pos pos pos pos pos

LMWH neg –	 / neg pos
1.35

pos pos pos pos neg –	–	 –	 neg

Suspected	APS
(LMWH	+VKA)

pos pos
1.20

Pos pos pos
1.85

pos neg neg pos pos neg
1.10

–	 neg

LMWH neg –	 –	 neg pos pos neg
5.9

neg neg neg –	 –	 neg

VKA pos pos
1.13

neg
1.10a

neg neg –	 –	 neg neg pos neg
1.08

–	 neg

VKA	+
LMWH

pos pos Pos pos pos
1.67

pos pos pos pos pos pos pos pos

APS	(VKA) pos pos
1.21

Pos pos pos
1.35

neg –	 neg pos pos neg
1.07

–	 neg
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Sample Patient samples: no anticoagulants

After DF (a) After DF (b)

aPTT- based LAC dRVVT- based aPTT- based LAC

Scr Mix Conf Concl Concl Scr Mix Conf Concl Scr Mix Conf Concl Concl

Cut- off 1.33 1.12 8 s 1.39 1.10 1.10 1.33 1.12 8 s

APS pos pos pos
11.5 s

pos pos pos pos pos pos pos pos pos
11.5 s

pos pos

LAC	pos pos pos pos
19.0 s

pos pos neg
1.18

–	 –	 neg pos pos pos
19.0 s

pos pos

APS pos pos pos
12.1 s

pos pos pos pos pos pos pos pos pos
12.1 s

pos pos

LAC	pos pos pos neg neg neg neg
1.22

–	 –	 neg pos pos Neg neg neg

LAC	neg pos pos pos
9.2 s

pos pos neg –	 –	 neg pos pos pos
9.2 s

pos pos

LAC	pos neg –	 –	 neg neg neg
1.25

–	 –	 neg neg –	 –	 neg neg

Suspected	
APS

neg
1.29

–	 –	 neg neg neg
1.23

–	 –	 neg neg
1.29

–	 –	 neg neg

LAC	pos neg –	 –	 neg neg neg
1.26

–	 –	 neg neg –	 –	 neg neg

Patient	samples:	AVK/UFH/LMWH

LMWH neg
1.24

–	 –	 neg neg neg –	 –	 neg neg
1.28

–	 –	 neg neg

VKA neg –	 –	 neg neg pos pos
1.12

pos pos neg –	 –	 neg pos

APS	(VKA) neg –	 –	 neg neg neg
1.37

–	 –	 neg neg –	 –	 neg neg

Suspected
APS	(UFH)

pos pos pos pos pos pos neg
1.08

–	 neg pos pos Pos pos pos

LMWH neg
1.21

–	 –	 neg pos pos pos pos pos neg
1.15

–	 –	 neg pos

LMWH neg
1.13

–	 –	 neg neg neg –	 –	 neg neg
1.18

–	 –	 neg neg

Suspected	
APS

(LMWH	
+VKA)

neg
1.32

–	 –	 neg neg pos pos
1.30

pos pos pos
1.39

pos Neg neg pos

LMWH pos pos pos
8.8

pos pos neg –	 –	 neg pos pos pos
8.8

pos pos

VKA neg –	 –	 neg neg pos pos
1.11

pos
0.93a

pos neg –	 –	 neg pos

VKA	+
LMWH

neg
1.11

–	 –	 neg pos pos pos pos pos neg
1.09

–	 –	 neg pos

APS	(VKA) neg
1.26

–	 –	 neg neg pos neg
1.05

–	 neg neg
1.24

–	 –	 neg neg

Note: Comparing	untreated	samples	to	samples	treated	with	DF.	dRVVT-		and	aPTT-	based	LAC	screening,	mixing,	confirmatory,	and	conclusion	test	
results	expressed	as	positive	or	negative	based	on	in-	house	established	cutoff	values.	Results	interpreted	by	NCR	calculated	by	the	clotting	time	
of	neat	NPP	(a)	and	the	clotting	time	of	DF	treated	NPP	(b).	Results	in	red	indicate	discordant	results	obtained	for	DF-	treated	samples	compared	to	
untreated samples.
Abbreviations:	–	,	test	was	not	performed,	as	previous	step	within	the	three-	step	LAC	procedure	was	negative	(following	ISTH-	SSC	recommendations	
for	LAC	detection);	Apix,	apixaban;	APS,	antiphospholipid	syndrome;	aPTT,	activated	thromboplastin	time;	Conc,	conclusion;	Conf,	confirmatory;	
Dabig,	dabigatran;	DF,	DOAC-	Filter;	DOAC,	direct	oral	anticoagulant;	dRVVT,	diluted	Russell’s	viper	venom	time;	Edox,	edoxaban;	LAC,	lupus	
anticoagulant;	LMWH,	low-	molecular-	weight	heparins;	Mix,	mixing;	NCR,	normalized	clotting	time	ratio;	Neg,	negative;	Pos,	positive;	Rivar,	
rivaroxaban;	Scr,	screening;	UFH,	unfractinated	heparins;	VKA,	vitamin	K	antagonist.
aInterpretation	dRVVT	confirmatory	step	by	dRVVT	screen	mix/dRVVT	confirm	mix	ratio	greater	than	in-	house	cut-	off	(0.92).

TA B L E  5  (Continued)
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observed	noncomplete	DOAC	adsorption	following	DF	treatment	in	
17	of	41	apixaban-	containing	patient	samples.	In	our	study,	we	also	
confirmed	 the	 capacity	 of	DF	 to	 trap	DOACs	on	patient	 samples.	
Residual	DOAC	measurements	greater	than	LLoQ	were	observed	for	
two	apixaban-	containing	patient	samples	and	one	sample	containing	
dabigatran	 (Table	 1).	 Initial	 concentrations	 of	 these	 samples	were	
below	the	highest	concentration	spiked,	indicating	that	the	trapping	
capacity	of	DF	is	not	the	limiting	factor.	As	the	studies	of	Sevenet	
et	al,34	Bouvy	et	al,45	and	Farkh	et	al46 also observed residual apix-
aban	concentrations,	and	the	number	of	apixaban-	containing	sam-
ples (n =	9)	 in	 this	study	 is	 rather	 limited,	 further	 investigation	on	
the	removal	consistency	of	apixaban	may	be	needed.	It	is	notewor-
thy	 that	 the	 residual	DOAC	 levels	measured	here	were	below	 the	
highest	concentration	not	causing	 false-	positive	LAC	results	 (even	
for	the	LAC	screening	steps)	in	spiked	plasma,	except	for	dabigatran	

(27	ng/mL).	Residual	DOAC	levels	after	the	use	of	DOAC-	removing	
agents	are	reported	in	several	studies,	some	with	even	higher	left-
over concentrations.24-	26,28-	30,44 With this observation and following 
the	 recommendation	of	 the	 ISTH	guidelines,14,15	 a	 residual	DOAC	
concentration	 measurement	 should	 be	 performed	 after	 DF	 treat-
ment	 to	ensure	complete	DOAC	removal,	before	 interpretation	of	
the	obtained	LAC	results.

Within	 the	DOAC-	containing	 sample	 population	 initially	 being	
LAC	positive,	DF	treatment	eliminated	false-	positive	LAC	results	in	
84.8%	of	the	cases.	Prior	studies	indicated	similar	elimination	rates	
of	 false-	positive	 LAC	 results	 using	 other	 DOAC-	removing	 agents,	
such	 as	 DS,23,25,26,30,44	 DOAC-	Remove,28,29 or activated charcoal 
(AC).24	In	our	study,	application	of	DF	appeared	to	be	an	effective	
way	 to	 overcome	DOAC	 influence	 in	 LAC	 detection.	 By	 eliminat-
ing	 false-	positive	 LAC	 results	 using	 this	 new	 device,	 unnecessary	

TA B L E  6 dRVVT-		and	aPTT-	based	LAC	screening,	mixing,	and	confirmatory	test	results	expressed	as	NCR	in	patient	samples	containing	
DOACs	before	and	after	DF	and	DS	treatment	expressed	as	median	(range)	along	with	mean	%	differences	(95%	CI)	between	results	before	
and	after	DF	treatment

DOAC

Not treated After DF (a) After DF (b) After DS (a)

n
Median
(range) n

Median
(range)

mean % 
difference
(95% CI) n

Median
(range)

mean % 
difference
(95% CI) n

Median
(range)

mean % 
difference
(95% CI)

dRVVT

Screening	
(NCR)

35 2.64	(1.65	
to	7.56)

35 1.11	(0.85	to	
2.82)

−78.8	(−88.1	
to	−69.5)

35 1.11	(0.87	
to	2.79)

−75.7	(−84.5	
to	−66.9)

35 1.22 (0.92 
to	3.46)

−69.2	
(−79.0	to	
−59.5)

Mixing	(NCR) 35 1.90 (1.12 
to	4.75)

5 1.36 (1.23 to 
2.25)

−47.6	(−87.3	
to	−7.9)

5 1.36 (1.33 
to	2.22)

−46.3	(−86.5	
to	−6.0)

9 1.28	(1.13	
to	2.24)

−28.6	
(−49.0	to	
−8.3)

Confirm 
(NCR)

35 1.93	(1.34	
to	3.27)

5 1.26	(0.83	
to	1.60)

−49.0	(−83.4	
to	−14.7)

5 1.30 
(0.86	to	
1.65)

−45.2	(−78.2	
to	−12.2)

8 1.39 (0.99 
to	1.74)

27.9	(9.7	
to	46.1)

Confirm mix 
(NCR)

35 1.49	(1.18	
to	2.35)

5 1.16 (1.00 to 
1.31)

−24.2	(−47.6	
to	−0.8)

5 1.23 (1.03 
to	1.35)

−20.1	(−41.2	
to	0.1)

8 1.19	(0.98	
to	1.33)

15.6 (2.1 
to	29.1)

Screen/
confirm 
(NCR)

35 1.38	(0.67	
to	3.24)

5 1.40	(0.95	to	
2.50)

−18.0	(−42.8	
to	6.8)

5 1.47	(0.91	
to	2.40)

−20.7	(−49.4	
to	−8.1)

8 1.26	(1.08	
to	2.19)

−16.1	
(−28.7	to	
−3.6)

Screen	mix/
confirm 
mix	(NCR)

35 1.21	(0.87	
to	2.93)

5 1.14	(1.04	to	
1.89)

−24.9	(−45.3	
to	−4.5)

5 1.13 (1.00 
to	1.81)

−27.6	(−51.3	
to	−3.8)

8 1.14	(1.04	
to	1.92)

−13.9	
(−27.9	to	
0.2)

aPTT

aPTT	Screen	
(NCR)

35 1.36	(0.88	
to	3.39)

35 0.99	(0.80	
to	2.31)

−28.1	(−35.0	
to	−21.2)

35 1.00 
(0.81	to	
2.28)

−26.6	(−33.3	
to	−19.9)

35 1.02	(0.84	
to	2.56)

−25.2	
(−31.4	to	
−19.0)

aPTT	Mix	
(NCR)

20 1.29 (1.06 
to	2.17)

4 1.44	(0.99	
to	1.81)

−5.7	(−24.9	to	
13.5)

4 1.42	(0.99	
to	1.78)

−6.8	(−25.9	
to	12.4)

7 1.19 (1.01 
to	1.79)

−3.2	
(−16.2	to	
−9.8)

Confirmatory 
(Staclot)

20 −0.4	
(−69.2	to	
31.4)

4 16.4	(3.4	to	
31.9)

38.8	(−18.4	
to	88.0)

4 16.4	(3.4	
to	31.9)

38.8	(−18.4	
to	88.0)

5 15.4	(3.0	
to	21.1)

6.7	(−29.7	
to	43.1)

Note: Results	interpreted	by	NCR	calculated	by	the	clotting	time	of	neat	NPP	(a)	and	the	clotting	time	of	DF-	treated	NPP	(b).
Abbreviations:	aPTT,	activated	thromboplastin	time;	CI,	confidence	interval;	DF,	DOAC	Filter;	DOAC,	direct	oral	anticoagulant;	dRVVT,	diluted	
Russell’s	viper	venom	time;	DS,	DOAC-	Stop;	LAC,	lupus	anticoagulant;	NCR,	normalized	clotting	time	ratio.
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repeat	 LAC	 testing	 and	 prolongation	 or	 switch	 of	 anticoagulant	
therapy	may	be	avoided.	 In	 four	 samples	becoming	negative	after	
DF	treatment,	a	discordant	final	LAC	result	was	obtained	after	DS,	
as	 they	remained	positive.	All	 four	patients	had	a	very	 low	proba-
bility	of	APS	diagnosis,	suggesting	indeed	to	have	obtained	a	false-	
positive	LAC	result	due	to	DOAC	influence.	A	prolongation	of	CTs	
by	pretreatment	of	DS	has	been	described	in	several	studies30,31 and 

may	be	an	explanation	of	the	LAC	results	remaining	falsely	positive	
after	DS	treatment	in	this	study.	Two	samples	containing	apixaban	
obtained	negative	 initial	LAC	 results,	 in	concordance	with	 the	ob-
servations	 of	 our	 spiking	 experiment	 where	 apixaban-	containing	
samples	did	not	lead	to	falsely	positive	final	LAC	conclusions.	Both	
apixaban-	containing	samples	remained	negative	after	DF	as	well	as	
DS	treatment,	suggesting	not	to	be	a	false-	negative	LAC	result	by	

TA B L E  7 dRVVT-		and	aPTT-	based	LAC	screening,	mixing,	and	confirmatory	test	results	expressed	as	NCR	in	patient	samples	without	
anticoagulant	and	patient	samples	containing	vitamin	K	antagonists	or	heparins	before	and	after	DF	treatment	expressed	as	median	(range)	
along	with	mean	%	differences	(95%	CI)	between	results	before	and	after	DF	treatment

No anticoagulants

Not treated After DF (a) After DF (b)

n
Median
(range) n

Median
(range)

mean % 
difference
(95% CI) P value* n

Median 
(range)

mean % 
difference
(95% CI) P value*

dRVVT
Screening	
(NCR)

68 1.26	(0.84	
to	3.98)

68 1.11	(0.73	to	
4.77)

−8.7	(−10.8	to	
−6.6)

<0.0001 68 1.14	(0.75	to	
4.87)

−5.9	(−8.1	
to	−3.7)

<.0001

Mixing	(NCR) 25 1.32 (1.05 to 
3.05)

17 1.50 (1.16 to 
3.24)

−1.7	(−4.4	to	
1.0)

0.4543 17 1.63 (1.19 to 
3.31)

4.4	(1.4	to	
7.3)

.005

Confirm	(NCR) 24 1.30 (1.01 to 
1.91)

17 1.26	(0.98	to	
2.00)

−10.1	(−13.1	to	
−7.2)

0.0001 17 1.33 (1.03 to 
2.00)

−5.3	(−7.8	to	
−2.8)

.0013

Confirm mix 
(NCR)

24 1.16 (1.03 to 
1.48)

17 1.14	(1.00	to	
1.23)

−2.4	(−8.7	to	
−2.0)

0.0004 17 1.18	(1.06	to	
1.33)

−0.6	(−4.7	
to	3.6)

.78

Screen/confirm	
(NCR)

24 1.40	(0.94	to	
2.20)

17 1.51 (0.99 to 
2.43)

6.4	(3.4	to	9.4) 0.0001 17 1.52 (0.93 to 
2.61)

7.6	(3.6	to	
11.6)

.002

Screenmix/
confirmmix 
(NCR)

24 1.23 (0.95 to 
2.06)

17 1.31 (1.02 to 
2.86)

3.7	(−0.7	to	
8.1)

0.0386 17 1.28	(0.95	to	
2.92)

4.9	(−0.1	to	
9.9)

.08

aPTT
Screening	
(NCR)

68 1.36	(0.86	
to	4.90)

68 1.27	(1.17	to	
1.31)

−2.0	(−4.6	to	
0.7)

0.0243 68 1.29	(0.86	to	
7.08)

−0.2	(−2.9	
to	2.4)

.52

Mixing	(NCR) 38 1.20 (0.99 
to	3.25)

35 1.18	(1.07	to	
4.16)

1.8	(−0.7	to	
4.3)

0.3082 35 1.20	(1.08	to	
4.31)

3.1	(0.4	to	
5.7)

.0327

Confirmatory 
(Staclot.	s)

34 1.0	(−5.1	to	
100.4)

34 4.05	(−5.0	to	
121.6)

50.5	(−8.6	to	
109.5)

0.0017 34 4.05	(−5.0	to	
121.6)

50.5	(−8.6	
to	109.5)

.002

AVK/UFH/LMWH

Not treated After DF (a) After DF (b)

n
Median
(range) n

Median
(range)

Mean % 
difference
(95% CI) P value* n

Median
(range)

Mean % 
difference
(95% CI) P value*

dRVVT
Screening	
(NCR)

31 1.89	(1.17	to	
4.26)

31 1.67	(1.00	to	
4.03)

−6.9	(−11.5	to	
−2.2)

0.0068 31 1.71	(0.92	to	
4.14)

−3.0	(−8.4	
to	2.5)

0.394

Mixing	(NCR) 24 1.28	(1.06	
to	2.59)

24 1.19 (1.02 to 
2.62)

−5.0	(−7.1	to	
−2.9)

0.0005 24 1.29 (1.05 to 
3.11)

−3.1	(−4.3	
to	3.2)

0.7103

Confirm	(NCR) 23 1.58	(1.18	to	
2.55)

23 1.46	(1.10	to	
2.27)

−9.6	(−12.3	to	
−6.9)

<0.0001 23 1.30 (0.91 to 
2.29)

−3.1	(−6.6	
to	0.3)

0.0897

Confirm mix 
(NCR)

23 1.16	(1.08	to	
1.40)

23 1.12	(1.04	to	
1.42)

−2.8	(−4.1	to	
−1.5)

0.0002 23 1.23	(1.07	to	
1.49)

3.5 (1.1 to 
5.8)

0.3038

Screen/confirm	
(NCR)

23 1.32 (0.93 to 
2.00)

23 1.33	(0.97	to	
2.14)

3.3	(−1.7	to	
8.3)

0.2113 23 1.30 (0.91 to 
2.29)

1.5	(−4.1	to	
7.2)

0.4455

(Continues)
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the	presence	of	DOAC,	 as	was	 reported	by	Bonar	 et	 al7 for apix-
aban	due	to	a	more	extensive	effect	on	dRVVT	confirm	than	screen,	
leading	to	falsely	lowered	dRVVT	confirmatory	results.	On	the	other	
hand,	for	two	other	patient	samples	containing	apixaban,	initial	LAC	
results	were	positive	and	changed	to	negative	after	DF,	illustrating	
that	results	of	the	spiking	experiment	cannot	fully	be	extrapolated	
to patient samples.

Five	samples	remained	positive	after	DF	as	well	as	DS	treatment,	
with	residual	DOAC	levels	below	the	LLoQ.	Four	samples	originated	
from	patients	with	 a	 low	 probability	 of	APS	 diagnosis,	 suggesting	
to	be	transient	LAC	results,	and	one	sample	originated	from	a	pa-
tient	 with	 known	 APS	 receiving	 rivaroxaban.	 In	 addition,	 positive	
LAC	 results	 in	 five	 rivaroxaban-	spiked	 LAC-	positive	 samples	 after	
DF	 treatment	 indicate	 that	DF	 allows	 a	 reliable	 detection	 of	 true	
LAC	positives	in	DOAC-	containing	samples.	In	contrast,	in	the	VKA/
heparin	patient	 group,	 two	patients	with	 known	APS	and	one	pa-
tient	 suspected	 for	APS	obtained	 a	 negative	 final	 LAC	 conclusion	
after	DF	treatment.	These	postfiltration	LAC	results	were	obtained	
by	 a	 shortening	 in	 CT	 for	 dRVVT	 screen	 or	 PTT-	LA	 screen,	 lead-
ing	to	NCR	below	the	in-	house	cutoff	value	(Table	5).	Discordances	
within	the	nonanticoagulated	patient	group,	with	final	LAC	results	
becoming	negative	after	 filtration,	mostly	originated	 from	a	short-
ing	 in	 dRVVT	 screen	 CT.	 Shorter	 postfiltration	 CTs	 of	 the	 LAC	
assays,	 however	 clinically	 nonsignificant,	 were	 also	 observed	 by	
Sevenet	 et	 al.34	 In	 addition,	 the	 recently	 published	work	 of	 Farkh	
et al46	on	the	effect	of	DF	on	LAC	testing	reported	no	statistically	
significant	 differences	 for	 dRVVT	 and	 silica	 clotting	 time	 (SCT)	
screen	 or	 screen/confirm	 ratios	 in	 a	 control	 group	 of	 68	 nonanti-
coagulated	patient	samples.	However,	4	of	37	dRVVT	and	5	of	15	
SCT	(weakly)	positive	screen	ratios	changed	to	negative	after	filtra-
tion.	In	our	study,	we	showed	a	shortening	in	CT	for	dRVVT	screen,	

PTT-	LA	screen,	and	dRVVT	confirm	after	filtration.	This	decrease	in	
CT could suggest a procoagulant effect occurring through the use 
of	DF,	which	was	confirmed	by	TG	assays.	A	significant	increase	of	
PH	and	VI	and	a	decrease	of	TTP	was	seen	 in	LAC-	negative	 sam-
ples	after	filtration.	A	dose-	dependent	procoagulant	effect	was	also	
described	 for	DS	 and	DOAC-	Remove	 by	 several	 studies	 using	 TG	
obtaining	increased	results	for	PH	and	VI	and	a	decreasing	LT.32,33,47 
In	the	studies	of	Monteyne	et	al32 and Riva et al47	also,	a	significant	
increase	in	ETP	and	a	slight	shortening	in	LT	was	seen	for	both	DS	
and	DOAC-	Remove.	A	 small	 but	 significant	 reduction	 in	 free	TFPI	
was	 considered	 as	 the	 cause	 of	 the	 procoagulant	 effect	 after	 DS	
or	DOAC-	Remove	 treatment.32,33	Accordingly,	we	also	observed	a	
significant	 reduction	 in	 free	 TFPI	 levels	 after	 filtration,	 explaining	
partly the shortening in CTs and the observed procoagulant effect. 
Apart	from	trapping	small	amounts	of	free	TFPI,	we	also	observed	
a	significant	increase	of	factors	II,	X,	XII,	and	VWF:GPIbR	suggest-
ing a limited activation of the coagulation pathways by pushing the 
plasma	through	the	hydrophobic-	hydrophilic	solid	phase,	also	caus-
ing	a	procoagulant	effect.	Only	few	studies	evaluated	the	effect	of	
DOAC-	removing	agents	on	coagulation	factors.	After	DS	treatment,	
Jacquemin	et	al22	did	not	find	any	changes	in	factors	X,	VII,	and	VIII	
levels	in	normal	plasma,	which	was	confirmed	by	Platton	et	al25 for 
factor	VIII	 in	 nonanticoagulated	patient	 samples.	 In	 contrast,	 Riva	
et al47	observed	a	reduction	of	factors	VIII,	IX,	X,	XI,	and	XII	after	DS	
treatment of normal plasma.

Observing	the	shortening	in	CTs	for	dRVVT	screen,	confirm,	and	
PTT-	LA	screen	after	filtration,	NCR	of	the	LAC	assays	of	DF-	treated	
samples	were	calculated	using	DF-	treated	NPP	and	compared	to	the	
NCR	calculated	by	neat	NPP.	No	differences	in	final	LAC	interpreta-
tion	were	observed	 in	 the	nonanticoagulated	and	DOAC-	containing	
patient	population	and	only	minor	alterations	were	seen	in	the	VKA/

AVK/UFH/LMWH

Not treated After DF (a) After DF (b)

n
Median
(range) n

Median
(range)

Mean % 
difference
(95% CI) P value* n

Median
(range)

Mean % 
difference
(95% CI) P value*

Screenmix/
confirmmix 
(NCR)

23 1.08	(0.97	to	
2.09)

23 1.05 (0.93 to 
2.11)

−1.8	(−4.4	to	
0.7)

0.1564 23 −6.70	
(−24.30	
to	14.40)

−3.6	(−8.2	
to	1.0)

0.2288

aPTT
Screening	
(NCR)

31 1.51 (1.06 to 
3.78)

31 1.33	(0.98	to	
3.35)

−11.5	(−15.7	
to	−7.3)

<0.0001 31 1.36 (1.03 to 
3.39)

−10.0	(−14.4	
to	−5.6)

0.0002

Mixing	(NCR) 24 1.19 (1.01 to 
2.91)

21 1.19 (1.01 to 
3.49)

−0.3	(−2.8	to	
2.1)

0.2645 21 1.20 (1.02 to 
3.66)

1.3	(−1.6	to	
4.3)

0.5217

Confirmatory 
(Staclot.	s)

22 5.1	(−5.7	to	
61.5)

16 2.2	(−5.8	to	
95.2)

11.0	(−2.0	to	
24.0)

0.0906 16 2.2	(−5.8	to	
95.2)

11.0	(−2.0	
to	24.0)

0.0906

Note: Results	interpreted	by	NCR	calculated	by	the	clotting	time	of	neat	NPP	(a)	and	the	clotting	time	of	DF	treated	NPP	(b).
Abbreviations:	aPTT,	activated	thromboplastin	time;	CI,	confidence	interval;	DF,	DOAC	Filter;	dRVVT,	diluted	Russell’s	viper	venom	time;	LAC,	
lupus	anticoagulant;	LMWH,	low-	molecular-	weight	heparins;	NCR,	normalized	clotting	time	ratio;	UFH,	unfractionated	heparins;	VKA,	vitamin	K	
antagonists.
*P	values	obtained	from	Wilcoxon	signed-	rank	test.

TA B L E  7  (Continued)
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heparin-	containing	 samples.	 Taking	 these	 results	 into	 account,	 we	
imply	that	using	DF-	treated	NPP	for	NCR	calculation	is	not	necessary	
to	obtain	reliable	LAC	results	for	DOAC-	containing	samples.

Within	 the	 nonanticoagulated	 and	 VKA/heparin	 subgroup,	
minor	 alterations	 in	 LAC	 results	were	observed	 frequently,	 some-
times	 leading	 to	changed	LAC	 interpretation	within	 the	dRVVT	or	
aPTT	 end	 conclusion.	 Final	 LAC	 conclusions	 altered	 in	 7.4%	 and	
19.4%	 for	 nonanticoagulated	 and	 VKA/heparin-	containing	 patient	
populations,	respectively.	In	addition,	in	4	of	17	patients	with	APS	or	
suspected	APS	within	the	“no	anticoagulant”	or	“VKA/heparin”	pa-
tient	group,	final	LAC	results	changed	from	positive	to	negative	after	
DF	treatment,	leading	to	misdiagnosis.	Because	of	these	alterations,	
applying	 DF	 in	 non–	DOAC-	containing	 samples	 may	 lead	 to	 erro-
neous	 LAC	 results	 and	 a	 different	 LAC	 interpretation.	 Therefore,	
DF	 treatment	 should	only	be	 applied	 in	 samples	 from	patients	on	

documented	 ongoing	 DOAC	 therapy,	 following	 the	 recent	 ISTH	
guidance	on	LAC	detection	in	anticoagulated	patients.14,15

The	 use	 of	DOAC	 removing	 agents	will	 rise	with	 the	 increase	
of	 LAC	 testing	 on	 DOAC-	containing	 samples.	 In	 practice,	 the	
15-	minute	one-	step	DF	procedure	may	be	preferred	to	a	20-	minute	
two-	step	(incubation	and	centrifugation)	procedure	of	DS.	However,	
a	22.6%	volume	loss	after	filtration	with	a	mean	recovered	volume	
of	 465	µL,	 in	 line	with	observations	of	 Sevenet	 et	 al34	 and	Farkh	
et	al,46	could	be	a	limiting	factor	in	clinical	practice.	In	this	regard,	
a	 full	 three-	step	LAC	testing	 in	 two	systems	may	need	the	use	of	
2	DFs,	which	 is	 economically	 less	 interesting	 and	may	 lead	 to	 in-
sufficient sample volume (2 × 600 µL	PPP).	As	all	DOAC	removing	
agents have their own mechanism of action and different impact 
on	 coagulation	 assays,	 interpretation	of	 LAC	assays	will	 get	more	
complicated.	The	conclusions	on	DF	treatment	made	 in	this	study	

TA B L E  8 Influence	of	DOAC	Filter	on	routine	coagulation	parameters,	coagulation	factors,	von	Willebrand	parameters	and	thrombin	
generation	parameters.	Median	levels	with	minimum	and	maximum	range	and	mean	%	deviation	with	95%	CIs

Parameter n
Median untreated samples
(min- max)

Median DF treated samples
(min‒ max)

Mean % deviation
(95% CI) P value*

Routine coagulation parameters

aPTT,	s 20 36.0	(29.8	to	43.1) 36.6	(28.4	to	40.8) −2.4	(−3.9	to	−0.9) .003

PT,	s 20 13.3	(11.3	to	17.3) 13.2	(10.9	to	16.9) −1.8	(−2.9	to	−0.7) .003

PT,	% 20 102.0	(68.0	to	134.0) 103.5	(70.0	to	144.0) 2.7	(0.9	to	to	4.4) .005

Fibrinogen,	mg/dL 20 290.5	(171.0	to	497.0) 284.0	(157.0	to	524.0) −0.7	(−2.6	to	1.2) .73

TT,	s 20 17.5	(15.8	to	26.4) 18.3	(16.3	to	37.6) 5.7	(3.0	to	8.4) <.0001

Intrinsic factors, %

VIII 20 82.2	(46.8	to	222.2) 78.9	(41.1	to	22202) −9.9	(−12.9	to	−6.8) <.0001

IX 20 92.4	(59.8	to	121.9) 93.7	(59.8	to	128.0) 2.4	(0.7	to	4.2) .007

XI 20 113.9	(80.9	to	172.8) 115.0	(73.0	to	112.7) −5.0	(−8.2	to	−1.8) .003

XII 20 89.2	(38.0	to	144.5) 103.4	(46.5	to	176.7) 16.3 (14.0 to 18.0) <.0001

Extrinsic factors, %

II 20 100.8	(76.3	to	136.0) 118.4	(85.0	to	198.9) 14.1 (12.0 to 16.3) <.0001

V 20 91.0	(51.1	to	142.5) 81.0	(47.6	to	135.1) −6.7	(−10.3	to	−3.0) .0008

VII 20 121.0	(53.9	to	225.4) 127.0	(57.8	to	237.4) 5.3	(3.6	to	7.1) <.0001

X 20 105.0	(53.4	to	145.5) 120.2	(61.6	to	195.0) 15.2 (12.9 to 17.5) <.0001

von Willebrand Factor, %

VWF:Ag 20 109.4	(57.5	to	220.5) 120.5	(70.3	to	225.3) 6.3	(1.0	to	11.6) .06

VWF:GPIbR 19 110.1	(61.9	to	222.9) 117.8	(72.7	to	271.7) 11.9 (9.1 to 14.8) <.0001

Thrombin generation assay

PH normalized ratio 19 0.7	(0.4	to	0.9) 0.9	(0.6	to	1.2) 32.2 (20.5 to 43.8) <.0001

VI	normalized	ratio 19 0.5	(0.2	to	1.1) 0.9	(0.4	to	1.2) 40.9 (32.4 to 49.5) <.0001

TTP normalized ratio 19 1.3	(0.9	to	1.7) 1.1	(0.9	to	1.4) −18.2 (−24.0 to −12.4) <.0001

LT	normalized	ratio 19 1.2	(0.9	to	1.6) 1.2	(1.0	to	1.7) 1.7	(−2.6	to	6.0) .26

ETP normalized ratio 19 0.9	(0.7	to	1.2) 0.9	(0.7	to	1.5) 4.3	(0.1	to	8.42) .03

TFPI

TFPI,	ng/mL 20 15.4	(7.7–	42.3) 8.4	(4.2	to	17.7) −47.3 (−52.3 to −42.3) <.0001

Note: Numbers	in	bold	indicate	a	statistically	significant	difference	if	P value <.05 or a clinically significant difference if the mean deviations is >10%.
Abbreviations:	aPTT,	activated	partial	thromboplastin	time;	CI,	confidence	interval;	DF,	DOAC	Filter;	ETP,	endogen	thrombin	potential;	LT,	lag	time;	
max,	maximum;	min,	minimum;	n,	number	of	samples;	PH,	peak	height;	PT,	prothrombin	time;	TFPI,	tissue	factor	pathway	inhibitor;	TT,	thrombin	
time;	TTP,	time	to	peak;	VI,	velocity	index;	VWF:Ag,	von	Willebrand	factor	antigen;	VWF:GPIbR,	von	Willebrand	factor	activity.
*P	values	obtained	from	the	Wilcoxon	signed-	rank	test.
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apply only for the reagents and analyzer used and cannot fully be 
extrapolated	to	other	reagents	for	LAC	measurement	or	other	co-
agulation parameters.

5  |  CONCLUSION

This	study	shows	the	ability	of	DF	to	efficiently	trap	DOACs	(apixa-
ban,	rivaroxaban,	edoxaban,	and	dabigatran)	out	of	citrated	plasma,	
even	at	supratherapeutic	levels,	and	to	eliminate	DOAC	interference	
during	 LAC	 testing.	 Observing	 some	 samples	 with	 an	 incomplete	
DOAC	 removal,	 even	 at	 therapeutic	DOAC	 levels,	 a	DOAC	meas-
urement	should	be	performed	after	DF	treatment	to	allow	reliable	
interpretation	 of	 LAC	 results,	 following	 ISTH	 recommendations.	
During	 evaluation	 of	 the	 sample	 integrity,	 a	 postfiltration	 proco-
agulant	effect	was	seen	by	TG,	explaining	the	shortening	in	CTs	ob-
served	during	LAC	testing	in	DF-	treated	samples.	Minor	alterations	
in	LAC	assay	results	were	seen	within	the	patient	control	groups	(no-
nanticoagulated	 or	VKA/heparin-	containing	 samples).	We	 confirm	
the	recent	 ISTH	guidelines	not	to	use	any	DOAC-	removing	agents	
or	 devices	 in	 samples	 not	 containing	DOAC.	Whenever	 a	DOAC-	
removing	agent/device	is	used	to	eliminate	DOAC	interference	dur-
ing	LAC	testing,	the	LAC	result	should	be	reported	with	a	comment	
and results should be interpreted with caution.

ACKNOWLEDG MENTS
We	thank	all	technologists	of	the	Coagulation	Laboratory	for	their	
technical support.

REL ATIONSHIP DISCLOSURE
The authors declare no conflict of interest.

AUTHOR CONTRIBUTIONS
KD	designed	the	study.	EL	and	KD	analyzed	the	data.	EL	performed	
part of the experiments and wrote the manuscript. PDK helped 
with	the	spiking	experiments.	KD	and	PDK	critically	reviewed	and	
adapted	 the	manuscript.	All	 authors	 approved	 the	 final	 version	of	
the manuscript.

ORCID
Pieter De Kesel  https://orcid.org/0000-0002-6975-6194 
Katrien M. J. Devreese  https://orcid.org/0000-0002-7559-2579 

R E FE R E N C E S
	 1.	 Adcock	DM,	Gosselin	R.	Direct	oral	anticoagulants	(DOACs)	in	the	

laboratory: 2015 review. Thromb Res.	2015;136:7-	12.
	 2.	 Douxfils	J,	Ageno	W,	Verhamme	P.	Laboratory	testing	 in	patients	

treated with direct oral anticoagulants: a practical guide for clini-
cians. J Thromb Haemost.	2017;16:209-	219.

	 3.	 Gosselin	RC,	Adcock	DM,	Douxfils	J.	An	update	on	laboratory	as-
sessment	for	direct	oral	anticoagulants	(DOACs).	Int J Lab Hematol. 
2019;41:33-	39.

	 4.	 Siriez	 R,	 Robert	 JD,	Mullier	 F,	Douxfils	 J.	 Comprehensive	 review	
of the impact of direct oral anticoagulants on thrombophilia 

diagnostic tests: practical recommendations for the laboratory. Int 
J Lab Hematol.	2020;00:1-	14.

	 5.	 Lippi	G,	Mattiuzzi	C,	Favaloro	EJ.	Thrombophilia	testing	in	patients	
taking	direct	oral	anticoagulants.	Handle	with	care.	Diagnosis (Berl). 
2014;1(4):311-	312.

	 6.	 Hoxha	A,	Banzato	A,	Ruffatti	A,	Pengo	V.	Detection	of	lupus	anti-
coagulant in the era of direct oral anticoagulants. Autoimmun Rev. 
2017;16:173-	178.

	 7.	 Bonar	R,	Favaloro	EMJF,	Mohammed	S,	et	al.	The	effect	of	the	di-
rect	factor	Xa	inhibitors	apixaban	and	rivaroxaban	on	haemostasis	
tests: a comprehensive assessment using in vitro and ex vivo sam-
ples. Pathology.	2016;48(1):60-	71.

	 8.	 Favaloro	EJ,	Gilmore	G,	Bonar	R,	et	al.	Reducing	the	effect	of	DOAC	
interference	 in	 laboratory	 testing	 for	 factor	VIII	 and	 factor	 IX:	A	
comparative	study	using	DOAC	Stop	and	andexanet	alfa	to	neutral-
ize rivaroxaban effects. Haemophilia.	2020;26:354-	362.

	 9.	 Exner	T,	Rigano	J,	Favaloro	EJ.	The	effect	of	DOACs	on	laboratory	
tests and their removal by activated carbon to limit interference in 
functional assays. Int J Lab Hematol.	2020;42(suppl	1):41-	48.

	10.	 Cohen	AT,	Hamilton	M,	Mitchell	SA,	et	al.	Comparison	of	the	novel	
oral	 anticoagulants	 apixaban,	 dabigatran,	 edoxaban,	 and	 rivar-
oxaban	 in	 the	 initial	 and	 long-	term	 treatment	 and	 prevention	 of	
venous	 thromboembolism:	 systematic	 review	and	network	meta-	
analysis. PLoS One.	2015;10(12):e0144856.

	11.	 Cohen	AT,	Hill	NR,	Luo	X,	Masseria	C,	Abariga	SA,	Ashaye	AO.	A	
systematic	review	of	network	meta-	analyses	among	patients	with	
nonvalvular atrial fibrillation: a comparison of efficacy and safety 
following treatment with direct oral anticoagulants. Int J Cardiol. 
2018;269:174-	181.

	12.	 Makam	 RCP,	 Hoaglin	 DC,	 Mcmanus	 DD,	 et	 al.	 Efficacy	 and	
safety of direct oral anticoagulants approved for cardiovascu-
lar	 indications:	 systematic	 review	 and	 meta-	analysis.	 PLoS One. 
2018;13(5):e0197583.

	13.	 Gomez-	Outes	A,	Suarez-	Gea	L,	Lecumberri	R,	Terleira-	Fernandez	
AI,	Vargas-	Castrillon	E.	Direct-	acting	oral	anticoagulants:	pharma-
cology,	 indications,	 management,	 and	 future	 perspectives.	 Eur J 
Haematol.	2015;95:389-	404.

	14.	 Devreese	 KMJ,	 De	 Groot	 PG,	 De	 Laat	 B,	 et	 al.	 Guidance	 from	
the scientific and standardization committee for lupus anticoag-
ulant/antiphospholipid antibodies of the international society on 
thrombosis and haemostasis update of the guidelines for lupus 
anticoagulant detection and interpretation. J Thromb Haemost. 
2020;18:2828-	2839.

	15.	 Tripodi	A,	Cohen	H,	Devreese	KMJ.	Lupus	anticoagulant	detection	
in anticoagulated patients. guidance from the scientific and stan-
dardization committee for lupus anticoagulant/antiphospholipid 
antibodies of the international society on thrombosis and haemo-
stasis. J Thromb Haemost.	2020;18:1569-	1575.

	16.	 Seheult	 JN,	Bao	MBB,	Meyer	MP,	Bontempo	FA,	 Sam	CME.	The	
effects	of	indirect-		and	direct-	acting	anticoagulants	on	lupus	anti-
coagulant	assays	a	large,	retrospective	study	at	a	coagulation	refer-
ence laboratory. Am J Clin Pathol.	2017;147:632-	640.

	17.	 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;9:1700-	1704.

	18.	 Flieder	T,	Weiser	M,	Eller	T,	et	al.	Interference	of	DOACs	in	differ-
ent DRVVT assays for diagnosis of lupus anticoagulants. Thromb 
Res.	2018;165:101-	106.

	19.	 Clinical	 and	 Laboratory	 Standards	 institute.	CLSI	H60	 laboratory	
testing	for	the	lupus	anticoagulant.	Approved	guideline.	Wayne,	PA	
Clin	Lab	Stand	Inst;	2014.

	20.	 Testa	S,	Tripodi	A,	Legnani	C,	et	al.	Plasma	levels	of	direct	oral	an-
ticoagulants in real life patients with atrial fibrillation: results ob-
served in four anticoagulation clinics. Thromb J.	2016;137:178-	183.

https://orcid.org/0000-0002-6975-6194
https://orcid.org/0000-0002-6975-6194
https://orcid.org/0000-0002-7559-2579
https://orcid.org/0000-0002-7559-2579


    |  19 of 19LINSKENS Et aL.

	21.	 Jacquemin	M,	Toelen	J,	Schoeters	 J,	Horenbeeck	 I,	Vanlinthout	
I.	 The	 addition	 of	 idarucizumab	 to	 plasma	 samples	 contain-
ing dabigatran allows the use of routine coagulation assays 
for the diagnosis of hemostasis disorders. J Thromb Haemost. 
2015;13:2087-	2092.

	22.	 Jacquemin	M,	Feyen	JTL,	Van	Horenbeeck	JSI,	Vanassche	IVMDT,	
Peerlinck	K,	Verhamme	P.	The	adsorption	of	dabigatran	is	as	effi-
cient as addition of idarucizumab to neutralize the drug in routine 
coagulation assays. Int J Lab Hematol.	2018;40:442-	447.

	23.	 Favresse	 J,	 Lardinois	 B,	 Sabor	 L,	 et	 al.	 Evaluation	 of	 the	DOAC-	
Stop®	 procedure	 to	 overcome	 the	 effect	 of	 DOACs	 on	 several	
thrombophilia screening tests. TH Open.	2018;2:e202-	209.

	24.	 Frans	G,	Meeus	P,	Bailleul	E.	Resolving	DOAC	interference	on	aPTT,	
PT,	and	lupus	anticoagulant	testing	by	the	use	of	activated	carbon.	J 
Thromb Haemost.	2019;17:1354-	1362.

	25.	 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-	233.

	26.	 Zabczyk	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(9):1374-	1381.

	27.	 Exner	 T,	 Michalopoulos	 N,	 Pearce	 J,	 Xavier	 R,	 Ahuja	 M.	 Simple	
method	 for	 removing	DOACs	 from	 plasma	 samples.	 Thromb Res. 
2018;163:117-	122.

	28.	 Cox-	morton	S,	Macdonald	S,	Thomas	W.	A	diagnostic	solution	for	
haemostasis	laboratories	for	patients	taking	direct	oral	anticoagu-
lants	using	DOAC-	Remove.	Br J Haematol.	2019;187:377-	385.

	29.	 Jourdi	 G,	 Delrue	 M,	 Stepanian	 A,	 et	 al.	 Potential	 usefulness	
of	 activated	 charcoal	 (DOAC	 Remove®)	 for	 dRVVT	 testing	
in patients receiving direct oral anticoagulants. Thromb Res. 
2019;184:86-	91.

	30.	 De	Kesel	P,	Devreese	KMJ.	Direct	oral	 anticoagulant	 adsorption:	
Impact	 on	 lupus	 anticoagulant	 testing	—		 review	 of	 the	 literature	
and	evaluation	on	spiked	and	patient	samples.	J Thromb Haemost. 
2020;18:2003-	2017.

	31.	 Exner	 T,	 Ahuja	 M,	 Ellwood	 L.	 Effect	 of	 an	 activated	 charcoal	
product	 (DOAC	 Stop™)	 intended	 for	 extracting	 DOACs	 on	 vari-
ous	 other	 APTT-	prolonging	 anticoagulants.	 Clin Chem Lab Med. 
2019;57(5):690-	696.

	32.	 Monteyne	 T,	 De	 Kesel	 P,	 Devreese	 KMJ.	 Interference	 of	 DOAC	
stop	and	DOAC	remove	in	the	thrombin	generation	assay	and	co-
agulation assays. Thromb Res.	2020;192:96-	99.

	33.	 Kopatz	WF,	Jan	H,	Brinkman	M,	Meijers	JCM.	Use	of	DOAC	Stop	
for elimination of anticoagulants in the thrombin generation assay. 
Thromb Res.	2018;170:97-	101.

	34.	 Sevenet	P-	O,	Cucini	V,	Hervé	T,	et	al.	Evaluation	of	DOAC	Filter,	a	
new device to remove direct oral anticoagulants from plasma sam-
ples. Int J Lab Hematol.	2020;42(5):636-	642.

	35.	 Favaloro	 EJ,	 Mohammed	 A,	 Coombs	 R,	 Mehrabani	 PA.	 Filtered	
plasma as a potential cause of clinical misdiagnosis: inappro-
priate testing in a haematology laboratory. Br J Biomed Sci. 
1995;52:243-	248.

	36.	 Favaloro	 EJ.	 Preanalytical	 variables	 in	 coagulation	 testing.	 Blood 
Coagul Fibrinolysis.	2007;18:86-	89.

	37.	 Florin	L,	Desloovere	M,	Devreese	KMJ.	Evaluation	of	an	automated	
algorithm for interpretation of lupus anticoagulant testing. Int J Lab 
Hematol.	2019;41(3):412-	417.

	38.	 Ninivaggi	M,	de	Laat-	Kremers	R,	Tripodi	A,	et	al.	Recommendations	for	
the	Measurement	of	Thrombin	Generation:	Communication	from	the	
ISTH	 SSC	 Subcommittee	 on	 Lupus	 anticoagulant/Antiphospholipid	
Antibodies.	J Thromb Haemost.	2021;19:1332-	1378.

	39.	 Favaloro	 EJ,	 Gilmore	 G,	 Arunachalam	 S,	Mohammed	 S,	 Baker	 R.	
Neutralising	rivaroxaban	induced	interference	in	laboratory	testing	
for	lupus	anticoagulant	(LA):	a	comparative	study	using	DOAC	Stop	
and andexanet alfa. Thromb Res.	2018;2019(180):10-	19.

	40.	 Mcglasson	DL,	Fritsma	GA.	 In	 vitro	detection	 and	 removal	of	di-
rect oral anticoagulants from patient plasma specimens. Ann Blood. 
2020;5(25):1-	9.

	41.	 Favaloro	 EJ,	 Pasalic	 L,	 Lippi	 G.	 Replacing	 warfarin	 therapy	 with	
the	 newer	 direct	 oral	 anticoagulants,	 or	 simply	 a	 growth	 in	 anti-
coagulation	therapy?	Implications	for	pathology	testing.	Pathology. 
2017;49(6):639-	643.

	42.	 Afzal	S,	Tabish	S,	Zaidi	R,	et	al.	Prescribing	trends	of	oral	anticoagulants	
in England over the last decade : a focus on new and old drugs and ad-
verse events reporting. J Thromb Thrombolysis.	2021;52(2):646–	653.

	43.	 Slavik	L,	Jacova	J,	Friedecky	D,	et	al.	Evaluation	of	the	DOAC-	Stop	pro-
cedure	by	LC-	MS/MS	assays	for	determining	the	residual	activity	of	
dabigatran,	rivaroxaban,	and	apixaban.	Clin Appl Thromb.	2019;25:1-	6.

	44.	 Baker	SA,	Jin	J,	Pfaffroth	C,	Vu	T,	Zehnder	JL.	DOAC-	Stop	in	lupus	
anticoagulant testing: direct oral anticoagulant interference re-
moved in most samples. Res Pract Thromb Haemost.	2021;5:314-	325.

	45.	 Bouvy	 C,	 Evrard	 J,	 Siriez	 R,	 Mullier	 F,	 Douxfils	 J,	 Gheldof	 D.	
Removal	of	DOACs	from	plasma:	performance	comparison	and	pre-	
analytical considerations of three different devices. Poster 220. Eur 
Congr Thromb Haemost.	2018.

	46.	 Farkh	C,	Ellouze	S,	Gounelle	L,	et	al.	A	diagnostic	solution	for	lupus	
anticoagulant	 testing	 in	 patients	 taking	direct	 oral	 FXa	 inhibitors	
using	DOAC	filter.	Front Med.	2021;8:683357.

	47.	 Riva	N,	Vella	K,	Hickey	K,	et	al.	The	effect	of	DOAC-	Stop® on sev-
eral	oral	and	parenteral	anticoagulants	[abstract].	Res Pract Thromb 
Haemost.	2020;4(suppl	1).

SUPPORTING INFORMATION
Additional	 supporting	 information	 may	 be	 found	 in	 the	 online	
version	of	the	article	at	the	publisher’s	website.

How to cite this article:	Linskens	EA,	De	Kesel	P,	Devreese	
KMJ.	Direct	Oral	Anticoagulant	removal	by	a	DOAC	filter:	
Impact	on	lupus	anticoagulant	testing	–		Evaluation	on	spiked	
and patient samples. Res Pract Thromb Haemost. 
2022;6:e12633. doi:10.1002/rth2.12633

https://doi.org/10.1002/rth2.12633

