
J Thromb Haemost. 2019;17:2069–2080.	 wileyonlinelibrary.com/journal/jth	 	 | 	2069© 2019 International Society on Thrombosis and 
Haemostasis

 

Received:	8	March	2019  |  Accepted:	25	July	2019
DOI:	10.1111/jth.14596		

O R I G I N A L  A R T I C L E

Comparison of real world and core laboratory lupus 
anticoagulant results from the Antiphospholipid Syndrome 
Alliance for Clinical Trials and International Networking (APS 
ACTION) clinical database and repository

Maria Efthymiou1  |   Ian J. Mackie1  |   Philip J. Lane1  |   Danieli Andrade2 |   
Rohan Willis3  |   Doruk Erkan4  |   Savino Sciascia5  |   Steven Krillis6 |   Elisa Bison7 |   
Margarete Borges Galhardo Vendramini2 |   Zurina Romay‐Penabad3 |   Miao Qi6 |   
Maria Tektonidou8  |   Amaia Ugarte9 |   Cecilia Chighizola10 |   H. Michael Belmont11 |   
Maria Angeles Aguirre12 |   Lanlan Ji13 |   D. Ware Branch14 |   Guilherme de Jesus15 |    
Paul R. Fortin16 |   Laura Andreoli17,18 |   Michelle Petri19 |   Ricard Cervera20  |   
Esther Rodriguez21 |   Jason S. Knight22  |   Tatsuya Atsumi23  |   Joann Vega7 |   
Ecem Sevim7  |   Maria Laura Bertolaccini24  |   Vittorio Pengo6  |    
Hannah Cohen1,25  |   on behalf of APS ACTION†
1Haemostasis	Research	Unit,	Department	of	Haematology,	University	College	London,	London,	UK
2University	of	Sao	Paulo,	Sao	Paulo,	Brazil
3Antiphospholipid	Standardization	Laboratory,	University	of	Texas	Medical	Branch,	Galveston,	TX,	USA
4Barbara	Volcker	Center	for	Women	and	Rheumatic	Diseases,	Hospital	for	Special	Surgery,	Weill	Cornell	Medicine,	New	York,	NY,	USA
5Center	of	Research	of	Immunopathology	and	Rare	Diseases,	University	of	Turin,	Turin,	Italy
6Department	of	Infectious	Diseases,	Immunology	and	Sexual	Health,	St	George	Hospital,	Sydney,	NSW,	Australia
7University	Hospital	Padova,	Padova,	Italy
8National	and	Kapodistrian	University	of	Athens,	Athens,	Greece
9Internal	Medicine,	Hospital	Universitario	Cruces,	Barakaldo,	País	Vasco,	Spain
10University	of	Milan,	Milan,	Italy
11School	of	Medicine,	New	York	University,	New	York,	NY,	USA
12Maimonides	Institute	for	Biomedical	Research	of	Cordoba,	Cordoba,	Spain
13Rheumatology	and	Immunology	Department,	Peking	University	First	Hospital,	Beijing,	China
14University	of	Utah	and	Intermountain	Healthcare,	Salt	Lake	City,	UT,	USA
15Rio	de	Janeiro	State	University,	Rio	de	Janeiro,	Brazil
16CHU	de	Quebec	–	Université	Laval,	Quebec,	QC,	Canada
17Rheumatology	and	Clinical	Immunology,	Spedali	Civili,	Brescia,	Italy
18Department	of	Clinical	and	Experimental	Sciences,	University	of	Brescia,	Brescia,	Italy
19Department	of	Medicine,	Johns	Hopkins	University	School	of	Medicine,	Baltimore,	MD,	USA
20Department	of	Autoimmune	Diseases,	Hospital	Clínic	Institut	d'Investigacions	Biomèdiques	August	Pi	i	Sunyer	(IDIBAPS),	Barcelona,	Catalonia,	Spain
21Hospital	Universitario	12	de	Octubre,	Madrid,	Spain

†APS	ACTION	is	given	in	Appendix	S1	in	Supporting	information.	

Manuscript	handled	by:	Pierre	Toulon	

Final	decision:	Pierre	Toulon,	25	July	2019	

www.wileyonlinelibrary.com/journal/jth
mailto:
https://orcid.org/0000-0001-9704-2845
https://orcid.org/0000-0002-7393-2365
https://orcid.org/0000-0001-9335-1819
https://orcid.org/0000-0002-1374-7678
https://orcid.org/0000-0001-7216-677X
https://orcid.org/0000-0003-1266-9441
https://orcid.org/0000-0003-2238-0975
https://orcid.org/0000-0001-6085-492X
https://orcid.org/0000-0003-0995-9771
https://orcid.org/0000-0001-5657-962X
https://orcid.org/0000-0001-6458-9844
https://orcid.org/0000-0002-8623-139X
https://orcid.org/0000-0003-2064-6071
https://orcid.org/0000-0003-2032-390X


2070  |     EFTHYMIOU ET al.

22Division	of	Rheumatology,	University	of	Michigan,	Ann	Arbor,	MI,	USA
23Hokkaido	University	Hospital,	Sapporo,	Japan
24Academic	Department	of	Vascular	Surgery,	School	of	Cardiovascular	Medicine	&	Sciences,	King's	College	London,	London,	UK
25Department	of	Haematology,	University	College	London	Hospitals	NHS	Foundation	Trust,	London,	UK

Correspondence
Maria	Efthymiou,	Haemostasis	Research	
Unit,	Department	of	Haematology,	
University	College	London,	1st	Floor,	51	
Chenies	Mews,	London	WC1E	6HX,	UK.
Email:	m.efthymiou@ucl.ac.uk

Abstract
Background: Variability	remains	a	challenge	in	lupus	anticoagulant	(LA)	testing.
Objective: To	 validate	 LA	 test	 performance	 between	 Antiphospholipid	 Syndrome	
Alliance	for	Clinical	Trials	and	International	Networking	(APS	ACTION)	Core	labora‐
tories	and	examine	agreement	in	LA	status	between	Core	and	local/hospital	labora‐
tories	contributing	patients	to	this	prospective	registry.
Methods: Five	Core	 laboratories	used	the	same	reagents,	analyzer	type,	protocols,	
and	 characterized	 samples	 for	 LA	 validation.	 Non‐anticoagulated	 registry	 samples	
were	 retested	 at	 the	 corresponding	 regional	 Core	 laboratories	 and	 anticoagulated	
samples	at	a	single	Core	laboratory.	Categorical	agreement	and	discrepancies	in	LA	
status	between	Core	and	local/hospital	laboratories	were	analyzed.
Results: Clotting	 times	 for	 the	 reference/characterized	plasmas	used	 for	normalized	
ratios	were	similar	between	Core	laboratories	(CV	<4%);	precision	and	agreement	for	
LA	positive/negative	plasma	were	similar	(all	CV	≤5%)	in	the	four	laboratories	that	com‐
pleted	both	parts	of	the	validation	exercise;	418	registry	samples	underwent	LA	testing.	
Agreement	for	LA	positive/negative	status	between	Core	and	local/hospital	laborato‐
ries	was	observed	 in	87%	 (115/132)	 non‐anticoagulated	 and	77%	 (183/237)	 antico‐
agulated	samples.	However,	28.7%	(120/418)	of	samples	showed	discordance	between	
the	Core	and	local/hospital	 laboratories	or	equivocal	LA	results.	Some	of	the	results	
of	 the	 local/hospital	 laboratories	might	have	been	unreliable	 in	24.7%	 (41/166)	 and	
23%	(58/252)	of	the	total	non‐anticoagulated	and	anticoagulated	samples,	respectively.	
Equivocal	results	by	the	Core	laboratory	might	have	also	contributed	to	discordance.
Conclusions: Laboratories	can	achieve	good	agreement	in	LA	performance	by	use	
of	the	same	reagents,	analyzer	type,	and	protocols.	The	standardized	Core	labora‐
tory	results	underpin	accurate	interpretation	of	APS	ACTION	clinical	data.

K E Y W O R D S

antiphospholipid	antibodies,	antiphospholipid	syndrome,	lupus	anticoagulant,	Russell's	viper	
venom time, thrombosis

1  | INTRODUC TION

Antiphospholipid	 syndrome	 (APS)	 is	 a	 potentially	 life‐threatening	
acquired	autoimmune	disorder	manifested	by	thrombosis	(arterial,	
venous,	 or	 microvascular)	 and/or	 obstetric	 morbidity	 in	 associa‐
tion	with	persistently	positive	antiphospholipid	antibodies	(aPL),	ie	
lupus	anticoagulant	(LA),	IgG	and/or	IgM	anticardiolipin	(aCL),	and/
or	anti‐beta	2	glycoprotein	I	antibodies	(aβ2GPI).1	Accurate	labora‐
tory	diagnosis	of	APS	is	crucial	as	these	patients	inherently	differ	
from	other	patients	with	similar	clinical	features.	In	particular,	the	
presence	of	 aPL	 is	 associated	with	an	 increased	 risk	of	 recurrent	
thrombosis	and	hence	these	patients	are	candidates	for	long‐term	

Essentials
•	 Variability	 remains	 a	 challenge	 in	 lupus	 anticoagulant	
(LA)	testing.

•	 Good	agreement	in	LA	performance	achieved	by	use	of	
the	same	reagents,	analyser	type	and	protocols.

•	 Local/hospital	 laboratory	 LA	 results	 might	 have	 been	
unreliable	in	~24%	of	all	samples.

•	 Standardized	LA	testing	is	required	to	underpin	accurate	
interpretation	of	clinical	data.
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anticoagulation.2	 Detection	 of	 LA	 is	 problematic	 because	 of	 its	
heterogeneity	 and	 the	 variable	 sensitivity	 and	 specificity	 of	 dif‐
ferent	LA	tests.	False‐positive	or	false‐negative	LA	status	may	be	
detrimental	to	patient	management	as	it	could	lead	to	unnecessary	
anticoagulation	with	the	risk	of	bleeding,	or	inadequate	thrombo‐
prophylaxis	 and	 risk	 of	 thrombosis	 recurrence.	 Detection	 of	 LA	
in	 plasmas	 from	 anticoagulated	 patients	 is	 especially	 problem‐
atic	because	of	 their	prolonged	clotting	times.	Recommendations	
published	in	2009	by	the	International	Society	of	Thrombosis	and	
Haemostasis	Scientific	Standardisation	Subcommittee	 (ISTH	SSC)	
on	Lupus	Anticoagulant/Phospholipid	Antibodies	for	the	detection	
of	LA,	as	well	as	the	British	Society	of	Haematology	(BSH)	(2012)	
and	 Clinical	 &	 Laboratory	 Standards	 Institute	 (CLSI)	 guidelines	
(2014)	have	proven	 to	be	useful	guidance	on	how	to	perform	LA	
tests.	LA	detection	should	be	a	three‐step	procedure,	comprising	
a	screening	step	with	an	LA‐sensitive	phospholipid,	a	mixing	step	
with	normal	plasma	to	demonstrate	an	inhibitor,	and	a	confirmatory	
step	to	show	phospholipid	dependence.3‐5

The	AntiPhospholipid	 Syndrome	Alliance	 For	Clinical	 Trials	 and	
InternatiOnal	Networking	(APS	ACTION)	is	an	international	network	
created	specifically	to	design	and	conduct	well‐designed,	large‐scale,	
multi‐center	studies	in	persistently	aPL‐positive	patients.6	Since	2010,	
APS	ACTION	has	been	conducting	a	10‐year	international	clinical	da‐
tabase	and	blood	sample	repository	(“registry”)	to	study	the	disease	
course	in	aPL‐positive	patients	with/without	other	systemic	autoim‐
mune	 diseases.	 The	 network	 includes	 50	 physician‐scientists	 from	
25	international	centers.	APS	ACTION	registry	 laboratory	 inclusion	
criteria	 are	moderate/high	 titer	 aCL	 and/or	 aβ2GPI	 and/or	 LA	 test	
based on the International consensus criteria,1 tested at least twice 
12	weeks	apart,	within	1	year	prior	to	enrolment.	A	secure	web‐based	
data	capture	system	(REDCap)	 is	used	to	store	patient	 information.	
Blood	 samples	 and	 clinical	 information	 are	 collected	 from	patients	
at	inclusion	(baseline)	and	then	annually.	APS	ACTION	has	sought	to	
standardize	aPL	laboratory	testing	that	is	of	paramount	importance	
to	 improve	 the	 interpretation	 and	 reliability	of	 laboratory	 tests	 for	
associated	clinical	trials	and	research	studies.	Five	APS	ACTION	Core	
laboratories	 were	 initially	 set	 up	 worldwide,	 in	 Sao	 Paulo	 (Brazil),	
Sydney	(Australia),	Galveston	(USA),	Padova	(Italy),	and	London	(UK),	
to	store	blood	samples	from	hospitals	in	their	continent/geographic	
region.	Each	Core	laboratory	performs	aPL	tests	using	standard	pro‐
tocols	and	reagents	to	confirm	the	original	hospital	result.

The	aims	of	our	 study	were	 to:	 (a)	validate	 the	LA	 test	perfor‐
mance	between	the	five	APS	ACTION	Core	laboratories;	and	(b)	ex‐
amine	the	degree	of	agreement	in	LA	status	between	Core	and	local/
hospital	laboratories	contributing	patients	to	the	registry.

2  | METHODS

2.1 | Validation of Core laboratories’ LA test 
performance

All	 five	Core	 laboratories	used	an	ACL	TOP500	analyzer	 (Werfen)	
and	performed	the	dilute	Russell's	viper	venom	time	(DRVVT)	and	

silica	 clotting	 time	 (SCT)	 with	 the	 same	 Lot	 numbers	 of	 HemosIL	
DRVVT	Screen/Confirm	and	HemosIL	silica	clotting	time	(SCT)	(SCT	
Screen	and	SCT	Confirm	reagents).	All	 laboratories	were	provided	
and	followed	a	common	study	protocol	and	laboratory	manual	for	LA	
testing	designed	specifically	for	APS	ACTION.	All	laboratories	used	
the	same	set	of	characterized	plasmas	for	the	validation	exercise	to	
establish	agreement	in	LA	testing	between	the	Core	laboratories	as	
follows:	1st	International	Reference	Panel	for	LA	(National	Institute	
for	 Biological	 Standards	 and	 Control	 [NIBSC],	 South	Mimms,	 UK;	
comprising:	LA	negative	[NLA],	moderate	positive	[MLA],	and	strong	
positive	[SLA]	LA	samples),	as	well	as	HemosIL	LA	negative	(LA−)	&	
HemosIL	LA	positive	(LA+)	quality	control	plasmas	(QC),	and	these	
were	tested	on	each	of	three	working	days.	The	manufacturer's	cut‐
off	values	for	all	tests	were	validated	in	each	Core	laboratory	using	
plasmas	from	at	least	40	healthy	normal	subjects	prior	to	any	tests	
being	 performed,	 according	 to	 national	 and	 international	 guide‐
lines.4,7	The	results	were	calculated	as	normalized	ratios,	using	local	
pooled	normal	plasma,	or	where	this	was	not	available,	a	commercial	
pool	or	LA	negative	control	plasma.	The	within‐	and	between‐center	
precision	 was	 investigated	 for	 each	 plasma.	 The	 five	 laboratories	
were	anonymized	as	A‐E	in	no	particular	order.

2.2 | Assessment of agreement in LA status 
between Core and local/hospital laboratories

Each	Core	laboratory	assessed	LA	status	in	samples	collected	from	
their	 allocated	 local/hospital	 laboratories	 within	 the	 first	 year	 of	
entry	 into	 the	 registry.	All	 laboratories	 followed	 the	APS	ACTION	
protocol	for	preparation	of	samples,	storage,	and	LA	testing.	Samples	
were	 processed	 within	 four	 hours	 of	 collection	 and	 platelet	 poor	
plasma	(PPP)	was	prepared	from	blood	withdrawn	by	venipuncture	
in	0.109	mol/L	sodium	citrate	9:1,	then	double‐centrifuged	at	1500	g 
for	15	minutes.	To	reduce	variability,	samples	were	stored	at	−80°C	
immediately	 after	 preparation	 and	 shipped	 on	 dry	 ice	 as	 this	 has	
been	reported	to	cause	minimum	interference	with	LA	testing	and	
analysis.8,9	Samples	were	thawed	uncapped	at	37°C	(using	a	water	
bath)	prior	to	assessment	as	recommended	by	CLSI.5	Samples	from	
non‐anticoagulated	patients	(n	=	166)	were	assessed	using	DRVVT	
and	SCT	reagents,	as	detailed	above,	and	an	ACL	TOP500	analyzer.	
Equal	volume	mixtures	of	patient	and	normal	plasma	were	tested	to	
confirm	the	presence	of	an	inhibitor.

Lupus	anticoagulant	status	for	patients	receiving	anticoagula‐
tion	was	 assessed	 at	 a	 single	Core	 laboratory	 (UK).	 For	 patients	
receiving	vitamin	K	antagonists	(VKA),	the	DRVVT	was	performed	
with	 Screen	 and	Confirm	 reagents	 on	 equal	 volume	mixtures	 of	
patient/normal	plasma	(which	 if	positive	confirmed	the	presence	
of	 an	 inhibitor	 and	 phospholipid	 dependence);	 and	 the	 Taipan	
venom	time	(TVT)/Ecarin	clotting	time	(ECT;	Diagnostic	Reagents	
Ltd)	ratio	was	performed	on	undiluted	patient	samples	as	well	as	
on	equal	volume	mixtures	of	patient/normal	plasma	if	the	TVT	was	
prolonged.	The	SCT	Screen	and	Confirm	tests	on	equal	volumes	
of	 patient/normal	 plasma	was	 not	 performed	 in	 patients	 receiv‐
ing	VKA	due	 to	 the	 limited	volume	of	plasma	available.	Patients	
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receiving	low	molecular	weight	heparin	(LMWH)	prophylaxis	were	
assessed	by	DRVVT	(Screen/Confirm)	and	SCT	(DRVVT	reagents	
are	insensitive	to	heparin	or	LMWH	up	to	1.0	IU/mL;	SCT	reagents	
are	insensitive	to	heparin	up	to	0.5	IU/mL	and	LMWH	to	1.0	IU/
mL).	For	patients	receiving	rivaroxaban,	a	direct	oral	anticoagulant	
(DOAC)	 factor	 (F)	 Xa	 inhibitor,	 LA	 status	was	 assessed	 by	 TVT/
ECT	ratio	and	rivaroxaban	levels	were	measured	with	an	anti‐FXa	
amidolytic	assay	using	specific	calibrators.

Lupus	 anticoagulant	 status	 was	 considered	 positive	 if	 the	 pa‐
tient/normal	DRVVT	or	SCT	Screen	ratio	was	≥1.20	and	the	Screen/
Confirm	normalized	ratio	was	≥1.20.	TVT/ECT	was	considered	pos‐
itive	 if	 the	TVT	was	prolonged	and	 the	normalized	TVT/ECT	ratio	
was	>1.20.	The	TVT/ECT	ratio	cut‐off	of	1.2010 was established lo‐
cally	in	accordance	with	CLSI	guidelines.7

In	all	tests,	evidence	of	inhibition	was	provided	by	testing	equal	
volume	mixtures	of	patient	 and	normal	plasma.	Mixing	 tests	were	
interpreted	 as	 indicating	 an	 inhibitor	 if	 the	 test/normal	 ratio	 was	
greater	than	the	cut‐off	 for	normal	plasma.	Results	were	recorded	
as	equivocal	if	a	mixing	test	was	not	performed	(due	to	insufficient	
plasma	 volume)	 or	 if	 an	 inhibitor	 was	 not	 demonstrated,	 and	 the	
test/confirm	 ratio	was	positive.	Results	were	 reported	as	positive,	

negative	(“not	detected”	 in	the	case	of	anticoagulated	patients),	or	
equivocal	(where	there	was	no	evidence	of	an	inhibitor	or	suspicion	
of	an	underlying	coagulopathy).

2.3 | Statistical analysis

Agreement	of	categorical	positive	and	negative	aPL	test	results	was	
assessed	using	κ‐coefficients	(<.20,	poor;	.21‐.40	fair;	.41‐.60	mod‐
erate;	 .61‐.80	good;	 .81‐1.00	very	good)11 and with the Holley and 
Gilford's	G	test	with	a	99%	confidence	as	our	results	were	skewed.	
The	G‐test	is	equivalent	to	several	other	inter‐rater	agreement	sta‐
tistics	 that	 have	 been	 proposed	 over	 the	 years.	 In	 contrast	 to	 k‐
Cohen,	the	calculation	of	chance	agreement	in	G	does	not	depend	on	
the	obtained	frequencies	but	is	defined	a	priori.	The	G‐test statistic 
is	 a	measure	of	 how	much	overall	 variation	 there	 is	 from	an	 ideal	
prediction	that	you	would	expect	if	all	versions	were	the	same.	Even	
if	there	is	no	hard	rule,	however,	a	common	benchmark	is	99%	con‐
fidence,	meaning	that	with	the	obtained	G‐test values, we have less 
than	a	1%	chance	of	making	a	mistake	at	the	point	in	time	where	we	
made	our	decision	on	test	agreement.12	All	statistical	analysis	was	
performed	using	SPSS	19.0	(IBM	Software).

F I G U R E  1  Dilute	Russell's	viper	venom	time	(DRVVT)	Screen	test	used	with	lupus	anticoagulant	(LA)	positive	(+)	quality	control	(QC)	
plasma	and	for	strong	positive	LA	(SLA)	plasma:	All	five	Core	laboratories	used	an	ACL	TOP500	analyzer	and	performed	the	DRVVT	with	the	
same	lot	numbers	of	HemosIL	DRVVT	Screen/Confirm.	All	labs	were	provided	with	a	study	protocol	and	laboratory	manual	for	LA	testing.	
Results	are	shown	for	clotting	times	and	normalized	ratios	for	the	fresh	vial	of	the	1st	International	Reference	Panel	SLA	plasma	sample	
and	the	HemosIL	LA+	QC	plasma,	tested	on	each	of	three	working	days.	The	results	were	calculated	as	normalized	ratios,	using	local	pooled	
normal	plasma,	or	where	this	was	not	available,	a	commercial	pool	or	LA	negative	control	plasma
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TA B L E  1  Normalised	Screen/Confirm	ratios	in	each	Core	laboratory	for	DRVVT	and	SCT:	All	Core	laboratories	identified	correctly	the	LA	
status	of	the	LA+	QC,	NLA,	MLA,	and	SLA	samples	(average	values	over	three	days		±	standard	deviation	are	shown,	normal	cut‐off	taken	as	
1.20).	Laboratory	D	did	not	return	results	for	SCT.	The	LA‐negative	QC	plasma	results	are	not	included	as	it	mirrored	the	results	indicated	by	
the	NLA

DRVVT LA+QC NLA MLA SLA

Expected	LA	status: Positive Negative Moderate Strong

A 1.49	±	0.02 0.90	±	0.02 1.31	±	0.02 1.51	±	0.02

B 1.75	±	0.04 1.08	±	0.01 1.53	±	0.06 1.78	±	0.05

C 1.58	±	0.05 1.01	±	0.02 1.36	±	0.04 1.57	±	0.05

D 2.04	±	0.05 0.95	±	0.01 1.50	±	0.01 1.86	±	0.03

E 1.47	±	0.06 0.93	±	0.06 1.37	±	0.06 1.63	±	0.06

SCT LA+QC NLA MLA SLA

A 2.30	±	0.13 0.90	±	0.04 1.85	±	0.03 2.21	±	0.12

B 2.41	±	0.07 0.92	±	0.01 1.84	±	0.03 2.25	±	0.02

C 2.40	±	0.09 0.92	±	0.01 1.88	±	0.06 2.19	±	0.06

D – – – –

E 2.40	±	0.00a  0.90	±	0.00a  1.97	±	0.06 2.20	±	0.00a 

Abbreviations:	DRVVT,	dilute	Russell's	viper	venom	time;	LA,	lupus	anticoagulant;	LA+QC,	LA	positive	quality	control	plasma;	MLA,	moderate	posi‐
tive	LA	sample;	NLA,	LA	negative	sample;	SCT,	silica	clotting	time;	SLA,	strong	positive	LA	sample.
aAll	replicate	ratios	were	the	same.	

F I G U R E  2  Silica	clotting	time	(SCT)	Screen	test	used	with	lupus	anticoagulant	(LA)	positive	(+)	quality	control	(QC)	plasma	and	for	
strong	positive	LA	(SLA)	plasma:	All	five	Core	laboratories	used	an	ACL	TOP500	analyzer	and	performed	the	SCT	with	the	same	Lot	
numbers	of	HemosIL	SCT	Screen	and	Confirm	reagents.	All	laboratories	were	provided	with	a	study	protocol	and	a	laboratory	manual	for	
LA	testing.	Results	are	shown	for	clotting	times	and	normalized	ratios	for	the	HemosIL	LA+	QC	plasma	and	the	SLA	plasma	sample	from	the	
1st	International	Reference	Panel	for	LA,	tested	on	each	of	three	working	days.	The	results	were	calculated	as	normalized	ratios,	using	local	
pooled	normal	plasma,	or	where	this	was	not	available	a	commercial	pool	or	LA	negative	control	plasma
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3  | RESULTS

3.1 | Evaluation of LA test performance

Two	Core	 laboratories	 (B,	C)	used	HemosIL	normal	control	plasma	
(Werfen)	for	the	calculation	of	normalized	ratios,	while	three	(A,	D,	
E)	 used	 in‐house	 or	 commercial	 lyophilized	 (Pathway	Diagnostics)	
or	 frozen	 (Cryocheck,	 Precision	 Biologics)	 pooled	 normal	 plasma.	
These	 all	 yielded	 very	 similar	 clotting	 times	 for	 DRVVT	 Screen	
(32.7‐34.2	 seconds)	 and	 Confirm	 (30.5‐32.4	 seconds),	 with	 be‐
tween‐laboratory	coefficient	of	variation	(CV)	values	<3%;	and	for	
SCT	 Screen	 (34.7‐35.3	 seconds)	 and	Confirm	 (35.4‐36.0	 seconds),	
CV	<4%.

Precision	and	agreement	were	generally	good	between	all	Core	
laboratories	 for	 LA	 negative	 control	 and	 test	 plasmas	 using	 both	
DRVVT	Screen	and	Confirm	reagents.	The	between‐day	CV	of	clot‐
ting	time	was	<2.5%	for	LA	negative	control	plasma	and	<5.0%	for	
LA	positive	plasmas	 (ie	MLA	&	SLA).	However,	one	 laboratory	 (D)	
tended	to	show	longer	clotting	times	and	higher	ratios	for	LA‐pos‐
itive	samples	(MLA	&	SLA)	with	DRVVT	Screen	reagent	(Figure	1),	
but	not	with	Confirm	reagent.	Similar	disparity	between	laboratories	
in	clotting	times	and	ratios	was	observed	 in	mixing	tests	 (data	not	
shown).	Despite	both	laboratory	D,	and	to	a	lesser	extend	laboratory	
B,	obtaining	higher	average	DRVVT	Screen/Confirmed	normalized	

ratios	 from	 the	 other	 Core	 laboratories,	 all	 laboratories	 correctly	
identified	the	LA	status	of	the	LA+	QC,	NLA,	MLA,	and	SLA	samples	
(average	values	over	3	days	shown	in	Table	1).

Four	Core	laboratories	returned	results	for	SCT	(Laboratories	A,	
B,	C,	E)	and	showed	good	agreement	for	clotting	times,	with	all	CV	
values	<3.2%.	Although	test/normal	ratios	for	SCT	Screen	reagent	
showed	some	variability	(Figure	2),	these	discrepancies	disappeared	
when	normalized	Screen/Confirm	 ratios	were	 calculated	 (Table	1).	
Laboratory	D	played	no	further	role	as	a	Core	laboratory	for	LA	as‐
sessments and did not contribute data to the results sections below.

3.2 | Agreement in LA status between Core and 
local/hospital laboratories

Samples	from	508	APS	ACTION	patients	were	analyzed	from	a	total	
of	 573	 registered	 (until	 June	2015)	 (Figure	3).	Ninety	 samples	 (10	
non‐anticoagulated	and	80	anticoagulated)	were	excluded	from	the	
analysis	 due	 to:	 insufficient	 volume	 of	 citrate	 plasma	 for	 further	
analysis	(n	=	38),	the	local/hospital	laboratory	submitting	only	aCL/
aβ2GPI	 results,	 or	 LA	 status	 not	 being	 available	 (n	=	52).	 Samples	
from	the	remaining	418	patients	 (166	non‐anticoagulated	and	252	
anticoagulated)	were	analyzed	(Figure	3).

Of	the	418	patients	analyzed,	222	(53.1%)	were	diagnosed	with	
primary	APS	 (according	 to	 Sapporo	 criteria),1	 58	 (13.9%)	with	 aPL	
(but	 insufficient	 Sapporo	 criteria	 to	 fulfil	APS),	 86	 (20.6%)	 as	APS	
with	other	 systemic	 autoimmune	disease,	 and	52	 (12.4%)	had	aPL	
without	 Sapporo	 APS	 criteria	 but	 with	 other	 systemic	 autoim‐
mune	disease.	Of	 the	418	patients,	218	 (52.2%)	were	classified	as	
thrombotic	(either	venous	or	arterial	or	both),	50	(12.0%)	as	throm‐
botic	with	pregnancy	morbidity,	 40	 (9.6%)	 as	 obstetrical	APS,	 and	
110	(26.3%)	were	aPL	positive	without	APS.

For	the	non‐anticoagulated	patient	samples	(n	=	166)	analyzed,	
local/hospital	 laboratories	 submitted	 LA	 results	 (for	 the	 year	
prior	to	data	entry):	on	more	than	three	occasions	in	92	patients	
(55.4%),	 two	occasions	 in	59	patients	 (31.3%),	and	one	occasion	
in	15	patients	(9.0%).	Of	the	252	anticoagulated	patient	samples	
analyzed,	LA	status	was	assessed	and	reported	by	the	local/hos‐
pital	laboratories	in	more	than	three	hospital	visits	in	154	patients	
(61.1%),	two	visits	in	63	patients	(25.0%),	one	visit	in	35	patients	
(13.9%).	Local/hospital	laboratories	that	submitted	LA	results	on	
only	one	occasion	for	the	year	prior	to	data	entry	had	submitted	
either	 aCL	 or	 aβ2GPI	 results	 on	more	 than	 two	 occasions	 (thus	
criteria	 for	APS	 diagnosis	 had	 been	 fulfilled)	 before	 inclusion	 in	
the database.

Local/hospital	laboratories	were	asked	to	record	the	method	of	
LA	assessment	for	each	occasion	tested	(in	the	year	prior	to	study	
entry).	A	 total	of	1039	 tests	were	 reported:	5.1%	performed	acti‐
vated	partial	thromboplastin	time	(aPTT)‐based	tests,	31.1%	DRVVT,	
53.5%	aPTT‐based	tests	and	DRVVT,	8.3%	reported	“unknown”	and	
2%	as	“other”	(rather	than	DRVVT	or	APTT).

At	inclusion	in	the	APS	ACTION	registry,	LA	status	(positive/neg‐
ative)	reported	by	the	local/hospital	laboratories	was	as	follow:	for	
non‐anticoagulated	samples,	70%	(111/166)	LA	positive	and	30.0%	

F I G U R E  3  Breakdown	of	non‐anticoagulated	and	
anticoagulated	samples	received	from	APS	ACTION,	samples	
excluded	and	final	numbers	included	in	analysis:	*Ninety	patient	
samples	(10	non‐anticoagulated	and	80	anticoagulated)	were	
excluded	from	the	final	analysis	due	to:	insufficient	volume	of	
citrate	plasma	for	further	analysis	(n	=	38),	or	due	to	the	local/
hospital	laboratory	submitting	only	aCL/aβ2GPI	results;	or	LA	
status	not	being	available	(n	=	52)

APS ACTION

Patient samples received for analysis
(n = 508)

Excluded from analysis* (n = 90)
Non-anticoagulated (n = 10)

Anticoagulated (n = 80)

Patient samples analyzed (n = 418)
Non-anticoagulated (n = 166)

Anticoagulated (n = 252)

Total patient samples n = 573 (June 2015)
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(50/166)	LA	negative	and	for	anticoagulated	samples,	84%	(211/252)	
LA	positive	and	16%	(41/252)	LA	negative.

3.3 | Non‐anticoagulated patient samples

For	 the	 166	 non‐anticoagulated	 patients,	 132	 were	 recorded	 as	
LA	positive	or	negative	and	amongst	these	there	was	87.1%	agree‐
ment	between	the	Core	and	the	local/hospital	 laboratories	about	
LA	 classification	 (K	 coefficient	 =	 0.589,	P	 <	 .001;	G‐test statistic 
32.6	>99%	confidence,	Table	2).	Seventeen	samples	(12.9%)	were	
discordant	between	the	two	with	12	samples	identified	as	LA	nega‐
tive	in	the	local/hospital	laboratory,	but	positive	in	the	Core	labora‐
tories,	while	five	samples	showed	discordance	in	the	opposite	way	
(Table	2).

We	examined	possible	reasons	for	the	discordance	in	LA	status	
between	 Core	 and	 local/hospital	 laboratories	 in	 these	 17	 patient	
samples.	Four	were	only	tested	on	one	occasion	at	the	local/hospital	
laboratory;	six	were	tested	more	than	once,	but	the	LA	status	varied;	
in	three	the	LA	method	was	not	specified,	or	only	one	LA	method	
was	performed	(because	two	were	recorded	as	LA	negative,	there	
could	have	been	underdetection	of	LA).	Only	four	samples	out	of	the	
17 discordant were tested on more than one occasion with consis‐
tent	results	(1	positive	and	3	negative)	(Table	3).

The	results	 in	34	further	samples	 (20.5%,	34/166)	were	con‐
sidered	to	be	equivocal	by	the	Core	laboratories	because	an	inhib‐
itor	could	not	be	demonstrated.	Of	these,	21	had	been	recorded	
as	 negative	 and	 13	 as	 positive	 by	 the	 local/hospital	 laboratory	

(Table	3).	Ten	of	these	patients	only	had	an	LA	assessment	on	one	
occasion	prior	to	inclusion	in	the	registry.	Another	10	were	tested	
more	than	once	at	the	local/hospital	laboratory,	but	results	were	
variable.	 In	 eight	 patients,	 either	 the	method	 of	 LA	 assessment	
was	not	specified	or	only	one	LA	method	was	performed	(because	
five	of	these	were	recorded	as	LA	negative,	there	could	have	been	
underdetection	of	LA).	 In	only	six	out	of	 the	34	discordant	sam‐
ples,	LA	status	was	tested	on	more	than	one	occasion	and	consis‐
tent	LA	results	were	recorded	(three	as	LA	positive	and	three	as	
negative)	(Table	3).	On	this	basis,	it	could	be	argued	that	the	local/
hospital	laboratory	determination	of	LA	might	not	be	reliable	in	at	
least	 some	 of	 the	 13/17	 discordant	 samples	 and	 28/34	 samples	
that	 gave	 equivocal	 results	 in	 the	Core	 laboratories.	 This	would	
potentially	account	for	80.4%	(41/51)	of	samples	where	there	was	
a	 disagreement	 in	 LA	 status	 between	 the	Core	 and	 local/hospi‐
tal	laboratories,	ie	41/166	(24.7%)	of	non‐anticoagulated	samples.	
Results	from	the	Core	laboratories	might	also	have	contributed	to	
the	discordance,	especially	 the	ones	 judged	equivocal,	 ie	20.5%,	
34/166	of	non‐anticoagulated	samples.

3.4 | Anticoagulated patient samples

All	 samples	 from	 anticoagulated	 patients	 were	 tested	 at	 a	 single	
Core	laboratory	(London,	UK),	which	had	the	appropriate	test	rep‐
ertoire	available.	The	majority	of	patients	 receiving	anticoagulants	
were	on	long‐term	warfarin	or	other	VKA	(n	=	224),	six	were	receiv‐
ing	the	DOAC	FXa	inhibitor	rivaroxaban,	18	LMWH,	and	four	both	

TA B L E  2  LA	status	of	non‐anticoagulated	patient	samples	at	Core	and	local/hospital	laboratories:	The	number	of	positive	and	negative	
LA	samples	identified	by	both	the	laboratories	and	the	ones	that	were	discrepant	are	shown,	as	well	as	agreement	and	statistical	results

  

Core laboratories

POS NEG Agreement K coeff G‐testa 

Local/hospital	Laboratories POS 98 5 115/132
87.1%

0.589
P	<	.001

32.6
(99.8%	confidence) NEG 12 17

Abbreviations:	LA,	lupus	anticoagulant;	NEG,	negative;	POS,	positive.
aThe	G‐test	value	as	it's	over	99%	confidence	indicates	that	there	is	<0.2%	chance	of	making	a	mistake	regarding	agreement	of	positive	and	negative	
LA	results	as	defined.	

 Discordant Equivocal

Total 17 34

Local/hospital laboratories LA POS LA NEG LA POS LA NEG

Samples	tested	on	only	one	occasion	at	
local/hospital	laboratory

1 3 3 7

Tested	more	than	once	at	local/hospital	
laboratory,	but	LA	status	varied

2 4 4 6

Method	of	LA	assessment	not	specified	or	
only	one	LA	method	performed

1 2 3 5

Tested	more	than	once	at	local/hospital	
laboratory,	with	consistent	results	on	LA	
status

1 3 3 3

Abbreviations:	LA,	lupus	anticoagulant;	NEG,	negative;	POS,	positive.

TA B L E  3  Analysis	of	possible	reasons	
for	discordant	and	equivocal	results	in	LA	
status	between	Core	and	local/hospital	
laboratories	testing	in	non‐anticoagulated	
patient	samples
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VKA	 and	 LMWH.	Of	 the	 252	 anticoagulated	 patient	 samples,	 15	
were	 considered	 to	 be	 equivocal	 by	 the	Core	 laboratory,	 because	
they	were	negative	by	DRVVT	and	an	inhibitor	could	not	be	demon‐
strated	in	the	TVT.	The	remaining	samples	showed	77.2%	(183/237)	
agreement	in	LA	classification.	Discordance	between	the	Core	and	
local/hospital	laboratories	was	identified	in	22.7%	(54/237)	of	sam‐
ples	with	equal	numbers	of	samples	(27	each)	identified	as	negative	
by	either	the	Core	or	local/hospital	laboratories	and	positive	by	the	
other	(Table	4).

There	 was	 an	 additional	 6.0%	 (15/252)	 of	 patients	 showing	
equivocal	 results;	 three	 were	 tested	 on	 only	 one	 occasion	 at	 the	
local/hospital	laboratory;	four	were	tested	more	than	once,	but	with	
variable	results;	 in	five	the	LA	methods	were	not	specified	or	only	
one	LA	method	was	used;	only	three	were	tested	more	than	once	
with	consistent	results	(two	LA	positive,	one	negative)	(Table	5).

We	also	examined	possible	reasons	for	the	discordance	in	LA	sta‐
tus	between	Core	and	local/hospital	laboratories	in	the	54	anticoag‐
ulated	samples,	which	were	as	follows:	15	were	tested	on	only	one	
occasion;	20	were	tested	more	than	once,	but	LA	status	varied;	and	
in	11	the	LA	method	was	not	specified	or	only	one	method	was	used.	
Only	eight	of	the	54	samples	were	tested	on	more	than	one	occasion	
with	consistent	results	(four	LA	positive	and	four	negative)	(Table	5).	
Of	the	patients	with	discordant	results,	the	LA	method	at	the	local/
hospital	laboratory	was	recorded	as	“other”	(than	aPTT	or	DRVVT)	
in	10	cases,	“aPTT‐based”	in	five,	as	“unknown”	in	five,	DRVVT	in	14,	
and	aPTT	plus	DRVVT	in	20.	On	this	basis,	one	could	argue	that	the	

LA	status	reported	by	the	 local/hospital	 laboratories	might	not	be	
reliable	in	at	least	some	of	the	84%	(58/69)	samples	with	discordant	
or	equivocal	LA	status	(46/54	discordant	and	12/15	samples	giving	
equivocal	results),	 ie	 in	58/252	(23%)	of	the	overall	anticoagulated	
patients.	Results	 judged	equivocal	by	 the	Core	 laboratories	 (6.0%,	
15/252)	might	 also	have	 contributed	 to	 the	discordance	observed	
with	local/hospital	laboratories	in	anticoagulated	samples.

4  | DISCUSSION

In	the	first	part	of	this	prospective	APS	ACTION	study,	we	demon‐
strated	that	good	agreement	and	low	variability	in	LA	performance	
between	the	APS	ACTION	Core	laboratories	was	achieved	by	use	of	
the	same	reagents,	analyzer	type,	and	protocols.	Furthermore,	in	the	
second	part	of	the	study	we	established	that	LA	status	results	be‐
tween	Core	and	local/hospital	laboratories	were	concordant	in	87%	
(115/132	 non‐anticoagulated)	 and	 77%	 (anticoagulated)	 samples,	
when	 equivocal	 LA	 results	were	 excluded.	 Importantly,	 however,	
we	identified	that	28.7%	(120/418)	of	the	total	samples	showed	dis‐
cordance	or	equivocal	LA	results	between	the	Core	and	local/hos‐
pital	laboratories.	Thirteen	percent	(17/132)	of	non‐anticoagulated	
and	 22.7%	 (54/237)	 of	 anticoagulated	 patient	 samples	 were	 dis‐
cordant	between	the	two	laboratories	(when	equivocal	results	were	
excluded).	A	further	20.5%	(34/166)	and	6%	(15/252)	of	non‐anti‐
coagulated	and	anticoagulated	patient	samples,	respectively,	were	

TA B L E  4  Agreement	in	LA	status	between	Core	and	local/hospital	laboratories	results	for	anticoagulated	patient	samples:	The	number	
of	positive	and	negative	LA	samples	identified	by	both	laboratories	and	the	ones	that	were	discrepant	are	shown,	as	well	as	agreement	and	
statistical results

  

Core laboratory

POS NEG Agreement K coeff G‐testa

Local/hospital	laboratories POS 174 27 183/237 .206
P < .001

13.9
(99.98%	confidence) NEG 27 9 77.2%

Abbreviations:	LA,	lupus	anticoagulant;	NEG,	negative;	POS,	positive.
aThe	G‐test	value	indicates	that	there	is	<0.02%	chance	of	making	a	mistake	regarding	agreement	of	positive	and	negative	LA	results	as	defined	in	
this study. 

 Discordant Equivocal

Total 54 15

Local/hospital laboratories LA POS LA NEG LA POS LA NEG

Samples	tested	on	only	one	occasion	at	
local/hospital	laboratory

8 7 3 0

Tested	more	than	once	at	local/hospital	
laboratory,	but	LA	status	varied

9 11 1 3

Method	of	LA	assessment	not	specified	or	
only	one	LA	method	performed

6 5 4 1

Tested	more	than	once	at	local/hospital	
laboratory,	with	consistent	results	on	LA	
status

4 4 2 1

Abbreviations:	LA,	lupus	anticoagulant;	NEG,	negative;	POS,	positive.

TA B L E  5  Analysis	of	possible	reasons	
for	discordant	and	equivocal	results	in	LA	
status	between	Core	and	local/hospital	
laboratories	testing	in	anticoagulated	
patient	samples



     |  2077EFTHYMIOU ET al.

identified	as	equivocal	by	the	Core	laboratories,	but	as	positive	or	
negative	by	the	local/hospital	laboratory.	Further	analysis	indicated	
that	the	LA	results	in	80.4%	(41/51)	of	non‐anticoagulated	and	84%	
(58/69)	of	anticoagulated	discordant/equivocal	samples	may	not	be	
reliable.	This	accounted	for	24.7%	(of	166)	of	the	total	non‐antico‐
agulated	and	23%	(of	252)	anticoagulated	samples,	respectively	i.e.	
approximately	24%	of	all	samples.	These	results	 indicate	that	 it	 is	
important	to	use	validated	and	standardized	LA	results,	as	provided	
by	the	Core	laboratories,	to	underpin	the	accurate	interpretation	of	
APS	ACTION	clinical	data.

There	are	many	differences	between	haemostasis	laboratories	in	
the	selection	of	LA	tests,	source	of	reagents,	methodological	detail,	
and results.2,13‐16	External	quality	assessment	studies	in	Europe	have	
shown	considerable	variability	between	laboratories	for	LA	detection,	
particularly	in	samples	with	“weak”	LA,	with	false	negative	and	false	
positive	rates	of	10%‐20%.17,18	In	North	America,	false	negative	rates	
up	to	28%	and	false	positive	rates	of	around	11%	have	been	reported,	
while	in	Australasian	studies,	false	negative	rates	up	to	50%	and	false	
positive	rates	of	about	10%	were	observed.14,19	These	discrepancies	
appear	to	be	due	to	a	variety	of	pre‐	and	post‐analytical	factors	as	
well	as	performance	of	the	tests.	Within‐method,	but	not	between‐
method,	agreement	could	be	improved	by	the	use	of	common	normal	
plasma	for	ratio	calculations	and	the	adoption	of	recommendations	
from	national	and	international	guidelines	on	LA	tests.	Between‐	and	
within‐method	agreement	can	also	be	improved	by	use	of	the	mean	
reference	range	for	clotting	time	for	ratio	calculation.13,18,19

The	sensitivity	and	specificity	of	results	also	appears	to	depend	
on	the	potency	of	the	LA	and	the	method	used.	APTT‐based	meth‐
ods	generally	appear	to	be	more	sensitive	to	weak	and	moderate	po‐
tency	LA	than	DRVVT	methods,	but	have	lower	specificity.14 In one 
study,	29	different	hospitals	referred	plasma	samples	from	patients	
with	LA	to	a	reference	laboratory,8	where	they	were	retested	using	
DRVVT	and	kaolin	clotting	time:	24%	of	samples	were	LA	negative	
on	retesting,	either	due	to	normal	clotting	times	in	screening	tests,	
or	complete	correction	in	mixing	tests	to	demonstrate	an	inhibitor.	
However,	in	this	study,	hospitals	submitting	samples	had	been	asked	
to	filter	the	plasma	samples,	which	can	introduce	variability	due	to	
potential	 changes	 in	 clotting	 factor	 levels	 as	 well	 as	 inducing	mi‐
croparticle	formation	and	consequent	changes	 in	the	clotting	time	
after	 freezing	 and	 thawing.20	 Sample	preparation	 is	 critical	 for	 LA	
detection,	as	platelet	contamination	of	plasma	samples	can	lead	to	
false	negative	LA	results	after	the	plasma	is	frozen	and	stored.9	Local	
cut‐off	and	reference	ranges	are	important,	as	there	are	differences	
depending	on	the	reagent	and	analyzer	used21 as well as the method 
for	 calculating	 the	 values.22	 In	 our	 study,	 following	 venipuncture,	
blood	samples	were	double	centrifuged	to	obtain	PPP	and	stored	at	
−80°C,	in	accordance	with	national	and	international	guidelines.3‐5

Notwithstanding	the	good	agreement	and	precision	in	LA	testing	
demonstrated	between	 four	Core	 Laboratories	 in	 the	 first	 part	 of	
our	study,	it	is	clearly	important	to	monitor	laboratory	performance,	
particularly	 if	 laboratories	are	not	experienced	 in	performing	hae‐
mostasis	 tests.	 One	 Core	 laboratory	 (whose	 expertise	 is	 in	 solid	
phase	aPL	and	other	 immunoassays),	 produced	markedly	different	

results	 from	 the	 other	 four	 and	 therefore	 took	 no	 further	 part	 in	
LA	assessment	for	APS	ACTION.	In	hospital	laboratories	that	regu‐
larly	perform	LA	tests,	such	discrepant	performance	would	be	iden‐
tified	 through	 external	 quality	 assessment	 participation	 schemes	
such	as	external	quality	assurance	services	(EQAS),	United	Kingdom	
National	External	Quality	Assessment	Service	(UK	NEQAS),	External	
quality	Control	of	diagnostic	Assays	and	Tests	(ECAT	foundation).

There	are	a	variety	of	possible	reasons	for	the	observed	discor‐
dance	between	Core	and	 local/hospital	 laboratories	 in	 the	second	
part	of	the	study.	Laboratories	implement	the	various	guidance	doc‐
uments3‐5	for	LA	detection	in	different	ways	and	adherence	is	influ‐
enced	by	the	type	of	automation	available,	local	analyzer	protocols,	
laboratory	 computer	 systems,	 and	 the	economics	of	batch	 testing	
compared	to	single	sample	analysis.	The	guidelines	recommend	the	
performance	of	two	different	LA	tests	employing	different	method‐
ologies,	only	one	of	which	needs	to	indicate	LA.	However,	in	some	
laboratories,	 only	 one	 test	 system	 is	 available.	 This	 is	 a	 particular	
problem	in	samples	from	anticoagulated	patients,	where	some	test	
systems	(eg	aPTT‐based	tests)	may	not	be	appropriate	due	to	their	
sensitivity	to	warfarin,23	or	where	a	heparin‐neutralizing	agent	is	not	
included	in	the	reagent.	According	to	APS	criteria,	if	LA	positivity	is	
the	sole	laboratory	criteria	for	diagnosis,	it	should	be	demonstrated	
on	at	least	two	occasions	12	weeks	or	more	apart.1	Some	local/hos‐
pital	 laboratories	 contributing	 to	APS	ACTION	only	 tested	 for	 LA	
on	one	occasion	while	 they	confirmed	persistence	of	aCL/aβ2GPI,	
but	not	LA,	more	 than	once;	other	 laboratories	only	used	a	 single	
LA	reagent;	and	some	obtained	variable	results	on	different	blood	
samples,	meaning	that	LA	may	have	been	present	but	undetected	in	
some	patients.	Our	data	suggesting	that	at	least	some	of	the	local/
hospital	LA	results	may	not	be	reliable	 in	up	to	24.7%	of	 the	total	
non‐anticoagulated	and	23%	of	the	total	anticoagulated	samples,	is	
of	particular	clinical	importance	as	the	result	could	have	a	major	im‐
pact	on	patient	management.	Core	 laboratory	results	were	 limited	
because	samples	could	only	be	tested	at	a	single	time	point	(and	in	
some	cases	with	different	 reagents	 and	methods	 to	 local/hospital	
laboratories)	 and	 this	 could	 have	 introduced	 differences	 and	 con‐
tributed	to	the	discordance	with	the	local/hospital	LA	results.	This	
is	particularly	critical	for	equivocal	samples	(20.5%	and	6%	of	non‐
anticoagulated	and	anticoagulated	samples,	respectively)	and	these	
need	later	re‐evaluation;	longitudinal	testing	of	registry	samples	col‐
lected	in	subsequent	years	will	enable	determination	of	the	LA	sta‐
tus	of	all	patients	in	the	APS	ACTION	registry.	However,	the	purpose	
of	the	Core	laboratories	testing	was	to	provide	a	highly	standardized,	
consistent	assessment	of	LA	status.

International	APS	criteria	and	LA	testing	guidance	also	state	that	
part	 of	 LA	 testing	 should	 be	 to	 demonstrate	 an	 inhibitor,	 usually	
achieved	by	testing	mixtures	of	patient	and	normal	plasmas.3‐5	The	
results	for	some	samples	were	deemed	to	be	equivocal	in	the	Core	
laboratories,	because	a	prolonged	clotting	time	could	not	be	demon‐
strated	in	plasma	mixtures.	However,	this	does	not	prove	that	they	
are	LA	negative,	as	aPL	may	have	been	diluted	in	the	mixing	test	to	
below	the	threshold	for	detection;	nor	does	a	prolonged	screening	
test	but	normal	mixing	 test	mean	 that	 the	patient	definitely	has	a	
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“weak”	LA,	as	the	clotting	time	could	have	been	prolonged	for	other	
reasons.

Lupus	anticoagulant	assessment	in	samples	from	patients	receiv‐
ing	VKA	anticoagulation	is	particularly	challenging,	because	most	LA	
tests	require	the	presence	of	vitamin	K	dependent	coagulation	fac‐
tors.	As	also	concluded	in	our	study,	the	discordance	in	LA	status	be‐
tween	the	local/hospital	and	Core	laboratories	was	more	prevalent	
in	 the	 anticoagulated	 samples	 (22.7%,	54/237)	when	 compared	 to	
non‐anticoagulated	ones	(12.9%,	17/132)	(P	=	.03).	LA	testing	in	an‐
ticoagulated	samples	is	generally	discouraged	as	the	probability	for	
false	positive/negative	 results	 is	 high.24,25 However, determination 
of	LA	status	is	required	in	certain	clinical	settings	as	well	as	for	full	
characterization	of	aPL	status	of	patients	in	research	studies	and	reg‐
istries	such	as	APS	ACTION.	Where	the	INR	is	<4.0,	it	is	generally	ac‐
cepted	that	DRVVT	Screen	and	Confirm	procedures	can	be	used	on	
equal	volume	mixtures	of	patient	and	control	plasma	(with	evidence	
of	an	inhibitor	provided	where	the	DRVVT	Screen	normalized	ratio	is	
still	abnormal).26	APTT‐based	tests,	including	SCT,	can	be	problem‐
atic,	due	to	their	vitamin	K	factor	sensitivity	and	great	prolongation	
of	 clotting	 time.	 Textarin	 or	Taipan	 venoms,	which	 are	direct	 acti‐
vators	of	prothrombin	and	are	little	affected	by	VKA,	can	be	used,	
although	textarin	venom	is	currently	difficult	to	obtain.	Coupled	with	
Ecarin	venom,	the	TVT/ECT	ratio	is	useful	for	LA	testing	in	VKA	anti‐
coagulated	patients.27‐30	The	TVT/ECT	ratio	is	less	sensitive	than	the	
DRVVT,	and	thus	a	positive	result	may	be	useful,	but	a	negative	result	
should	be	 considered	 as	 “not	 detected.”	 Taipan	 venom	also	 shows	
low	sensitivity	to	heparin	pentasaccharide,	although	in	the	presence	
of	long	chain	heparin	antithrombin	can	inhibit	the	taipan	venom	by	
a	template‐dependent	mechanism	similar	to	that	of	thrombin	inhibi‐
tion.31	There	is	an	even	greater	problem	with	samples	from	patients	
receiving	DOACs.	 In	our	study,	only	six	patients	were	 receiving	 ri‐
varoxaban;	however,	the	number	of	patients	receiving	DOACs	may	
increase	in	APS	ACTION	in	future	years.	FXa	inhibitors	interfere	with	
aPTT‐based	tests	and	DRVVT	and	may	thus	result	in	erroneous	re‐
sults.	It	has	been	suggested	that	the	DRVVT	can	be	used	in	the	drug	
trough	 period,	 however,	 false	 positive	 results	 have	 been	 reported	
even	at	very	low	(<50	ng/mL)	rivaroxaban	levels.32	We	assessed	sam‐
ples	containing	rivaroxaban	using	the	TVT/ECT,	which	is	not	affected	
by	 rivaroxaban.33,34	 Both	 the	 TVT	 and	 ECT	 tests	were	 performed	
with	patient	plasma	rather	than	equal	volume	mixtures	of	patient	and	
normal	 plasma,	 as	 the	 venom	 reagents	 lead	 to	direct	 activation	of	
factor	II	and	show	little	effect	of	VKA	and	direct	FXa	inhibitor	anti‐
coagulation.	However,	a	mixing	test	was	performed	for	TVT	in	this	
study	if	the	TVT	clotting	time	was	prolonged	and	if	sufficient	plasma	
was	available,	to	establish	the	presence	of	an	inhibitor.	Limitations	to	
this	approach	were	that:	only	one	LA	test	(TVT/ECT)	was	available	
for	samples	from	DOAC‐treated	patients	and	performing	a	single	test	
might	increase	the	risk	of	false‐negative	results;	samples	were	tested	
on	one	occasion	only;	and	the	sensitivity	of	the	TVT/ECT	is	gener‐
ally	less	than	that	for	DRVVT.35	This	problem	may	be	resolved	in	the	
future	by	the	use	of	DOAC	removal	agents,	which	are	showing	en‐
couraging	results,36,37	and	with	testing	of	longitudinal	samples.	The	
use	of	cut‐offs	for	undiluted	plasma	for	interpretation	of	the	mixing	

tests	is	also	a	limiting	factor	in	this	study	as	this	might	lead	to	reduced	
detection	rates	and	could	have	increased	the	numbers	of	equivocal	
and	false‐negative	results.

5  | CONCLUSIONS

Good	agreement	in	LA	performance	can	be	achieved,	as	in	the	APS	
ACTION	Core	Laboratories,	by	use	of	the	same	reagents,	analyzer	
type,	 and	 protocols.	 The	 observed	 agreement	 in	 LA	 test	 results	
(positive/negative)	between	Core	and	 local/hospital	 laboratories	
of	87%	non‐anticoagulated	samples	and	77%	anticoagulated	sam‐
ples	(when	equivocal	results	were	excluded),	appeared	acceptable	
on	initial	review,	especially	when	considering	high	interlaboratory	
variability,	and	the	difficulties	of	detecting	LA	in	samples	from	an‐
ticoagulated	patients	 as	well	 as	 lack	 of	 adherence	 to	 guidelines.	
However,	 28.7%	 (120/418)	 of	 samples	 showed	 discordance	 be‐
tween	 the	Core	 and	 local/hospital	 laboratories,	 or	 equivocal	 LA	
results.	Analysis	of	possible	reasons	for	discordance/equivocal	LA	
suggested	 that	 at	 least	 some	of	 the	 results	of	 the	 local/hospital	
laboratories	might	not	have	been	 reliable	 in	24.7%	 (41/166)	 and	
23%	(58/252)	of	the	total	non‐anticoagulated	and	anticoagulated	
samples,	respectively.	Results	by	the	Core	laboratories	judged	as	
equivocal	might	also	have	contributed	in	the	discordance	in	20.5%	
(34/166)	 and	 6%	 (15/252)	 of	 non‐anticoagulated	 and	 anticoagu‐
lated	 samples,	 respectively.	 Thus,	 standardized	 Core	 laboratory	
LA	testing	 is	 required	to	underpin	the	accurate	 interpretation	of	
APS	 ACTION	 clinical	 data.	 Studies	 on	 LA	 testing	 on	 the	 annual	
follow‐up	 samples	 from	 the	 APS	 ACTION	 registry	 patients	 will	
enable	 future	 re‐evaluation	 of	 longitudinal	 LA	 data	 and	 enable	
correct	 identification	and	validation	of	LA	status.	Our	 study	has	
highlighted	the	need	for	widespread	standardization	of	LA	testing,	
to	underpin	accurate	diagnosis	and	management	of	APS	patients.
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