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Abstract
Introduction:	 Several	 specific	 assays	 are	 commercially	 available	 to	 determine	 dabi-
gatran	anticoagulant	activity.	Aims	of	this	multicenter	and	multiplatform	study	were	to	
compare	 five	 methods	 for	 dabigatran	 measurement	 and	 investigate	 their	 perfor-
mances	in	the	low	concentration	range.
Methods:	Dabigatran	levels	were	analyzed	in	295	plasma	samples	from	patients	en-
rolled	 in	 the	START-	Laboratory	Register	by	 the	 following	methods	using	dedicated	
calibrators	 and	 controls:	 STA-	ECA	 II	 (Diagnostica	 Stago),	 standard	 and	 low	 range	
Hemoclot	 Thrombin	 Inhibitors	 (Hyphen	 BioMed),	 Direct	 Thrombin	 Inhibitor	 Assay	
(Instrumentation	Laboratory),	Direct	Thrombin	Inhibitor	Assay	(Siemens),	Technoclot	
DTI	(Technoclone).
Results:	Methods	showed	variable	agreement	with	the	Hemoclot	Thrombin	Inhibitors	
assay	used	as	reference	test,	with	modest	under-		or	overestimations	(Bland-	Altman	
bias	from	−17.3	to	4.0	ng/mL).	Limits	of	detection	and	quantification	varied	depending	
on	the	assay	(4-	52	and	7-	82	ng/mL,	respectively).	Between-	run	precision	and	accu-
racy	were	good	for	all	methods	for	both	quality	control	 levels.	Assay’s	repeatability	
assessed	at	very	 low	dabigatran	concentrations	(from	10	to	60	ng/mL)	was	also	ac-
ceptable,	variability	generally	increased	at	lower	drug	levels.
Conclusion:	 The	 five	 dabigatran-	specific	 assays	 evaluated	 in	 this	 study	 provided	 
reliable	 assessment	 of	 dabigatran	 plasma	 levels,	 although	 showing	 different	
performances.

K E Y W O R D S

chromogenic	assay,	clotting	assay,	dabigatran,	direct	thrombin	inhibitor,	laboratory	testing

1  | INTRODUCTION

The	direct	thrombin	inhibitor	dabigatran	has	been	the	first	direct	oral	
anticoagulant	(DOAC)	approved	for	prevention	of	stroke	and	systemic	
embolism	in	patients	with	nonvalvular	atrial	fibrillation	and	for	preven-
tion	or	treatment	of	venous	thromboembolism.1	Although	dabigatran	

was	developed	for	fixed-	dose	administration	in	patients	with	standard	
conditions	 without	 the	 need	 of	 routine	 laboratory	 monitoring	 and	
dose	adjustment,	there	is	now	the	widespread	awareness	that	some	
clinical	 situations,	 such	 as	 adverse	 (thrombotic/hemorrhagic)	 events	
or	emergency	invasive	procedures	and	others,	might	require	the	mea-
surement	of	the	drug	plasma	levels.2,3
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The	global	coagulation	test	activated	partial	thromboplastin	time	
(aPTT)	was	initially	 indicated	as	the	method	to	measure	the	degree	
of	anticoagulation	in	patients	treated	with	dabigatran	due	to	its	wide	
availability	and	low	cost.	However,	recent	studies	showed	that	aPTT	
has	a	 low	sensitivity	 to	dabigatran	 levels	 and	different	 responsive-
ness	depending	on	commercial	reagents.	Furthermore,	normal	results	
are	not	always	associated	with	the	absence	or	minimal	residual	con-
centration	 of	 the	 drug.4,5	Over	 the	 last	 years,	 several	manufactur-
ers	developed	specific	functional	tests	for	dabigatran	plasma	levels	
assessment,	 including	 thrombin-	based	 clotting	 assays	 and	 ecarin	
clotting	 time	or	chromogenic	assays.	These	methods	 showed	good	
agreement	with	 liquid	 chromatography-	tandem	mass	 spectrometry	
(LC-	MS/MS)	that	is	considered	as	the	gold	standard.6,7	Accordingly,	
the	most	 recent	guidelines	of	 the	British	Committee	 for	Standards	
in	 Haematology	 (BCSH)	 and	 the	 guidelines	 of	 the	 International	
Society	 on	Thrombosis	 and	Haemostasis	 (ISTH)	 recommended	 the	
use	of	dedicated	assays	calibrated	with	drug-	specific	calibrators,	and	
stated	that	aPTT	should	not	be	used	to	determine	dabigatran	plasma	
concentration.3,8

Aim	of	this	study	was	to	evaluate	five	commercially	available	spe-
cific	assays	for	the	measurement	of	dabigatran	in	plasma	from	a	rela-
tively	large	number	of	patients	taking	dabigatran.	We	also	investigated	
assay’s	performances	in	the	low	dabigatran	concentration	range.

2  | MATERIALS AND METHODS

2.1 | Patients

Plasma	samples	were	collected	from	patients	engaged	in	the	START-	
Register	 (Survey	 on	 anTicoagulated	 pAtients	 RegisTer)	 (www.
start-register.org;	 http://www.clinicaltrials.gov	 Unique	 identifier:	
NCT02219984),	an	observational	multicenter	multiplatform	study	in	
patients	 treated	with	DOACs	 (rivaroxaban,	 dabigatran,	 or	 apixaban)	
at	the	time	of	the	study.	Four	Italian	anticoagulation	clinics	(Bologna,	
Cremona,	Florence,	and	Padua)	affiliated	with	the	Italian	Federation	of	
Anticoagulation	Clinics	(FCSA)	joined	the	study	by	enrolling	patients	
and	 collecting	 plasma;	 dabigatran	 testing	 was	 performed	 in	 three	
clinics	 (Bologna,	Cremona,	and	Florence).	The	design	of	the	START-	
Register	has	been	detailed	elsewhere.5,9

For	this	study,	only	patients	enrolled	in	the	START-	Register	from	
January 1st,	2014	to	December	31st,	2014	and	treated	with	dabiga-
tran	were	included,	after	giving	their	informed	consent.	During	the	
first	month	of	treatment,	trough	(12	hours	after	the	last	dose	intake)	
and	peak	blood	samples	(2	hours	after	drug	 ingestion)	were	taken.	
Blood	was	collected	 from	the	antecubital	vein	 into	0.109	M	triso-
dium	citrate;	platelet-	poor	plasma	was	prepared	by	centrifugation	at	
2000 g	for	20	minutes	at	controlled	room	temperature.	Each	plasma	
sample	was	then	aliquoted	into	coded	plastic	tubes,	snap	frozen,	and	
stored	at	−80°C	for	further	analysis.	The	entire	process	from	blood	
drawing	to	plasma	storage	was	carried	out	within	1	hour.	After	the	
end	of	the	enrollment,	frozen	samples	were	centralized	at	the	lab-
oratory	of	the	Department	of	Angiology	and	Blood	Coagulation	of	
the	University	Hospital	 S.Orsola-	Malpighi,	 Bologna,	 and	 then	 one	 T
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aliquot	of	each	 sample	was	distributed	 to	 the	collaborative	clinics	
for	dabigatran	measurement	that	was		completed	by	2015.

2.2 | Assays for dabigatran measurement

Dabigatran	 anticoagulant	 activity,	 expressed	 as	drug	 concentration-	
equivalent	 (ng/mL),	 was	 measured	 by	 the	 combination	 of	 reagent/
platform/calibrators	 and	 controls	 previously	 agreed	 in	 the	 study	
design	as	reported	 in	Table	1;	each	assay	was	performed	in	a	single	
center.

Assays	were	calibrated	in	duplicate	before	the	beginning	of	the	
study	according	 to	manufacturer’s	 indications	using	 reference	 lyo-
philized	 standards;	 calibration	 ranges	 and	 equations	 of	 calibration	
curves	are	described	in	Table	S1.	For	HTI-	HY	assay,	manufacturers	
also	provided	 low	calibrators,	and	 the	calibration	curve	 in	 the	 low	
range	 was	 set	 up	 in	 duplicate	 (HTI-	HY	 low	 range	 curve);	 results	
<50	ng/mL	with	 HTI-	HY	were	 repeated	 using	 the	 low	 range	 pro-
tocol,	 as	 indicated	 by	 the	 manufacturer.	 For	 all	 methods,	 results	
higher	than	the	upper	end	of	the	calibration	curve	were	diluted	and	
retested.

On	each	working	session,	quality	control	(QC)	samples	were	tested	
in	single	determination	before	the	patient	samples;	if	they	fell	out	of	
the	acceptance	range,	a	new	calibration	curve	was	carried	out.	Tested	
samples	were	checked	for	hemolysis,	clots,	or	lipemia.

2.3 | Statistical analysis

Data	are	presented	as	mean	and	standard	deviation	 (SD)	or	median	
and	range	(min-	max);	coefficient	of	variation	(CV%)	was	calculated	as	
(SD/mean)	×	100.	Accuracy	and	between-	run	precision	were	assessed	
by	measuring	drug	concentrations	for	QC	levels	on	consecutive	work-
ing	days.	Accuracy	was	evaluated	as	follows:	accuracy	%	=	(measured	
concentration	of	QC	sample/target	value	declared	by	 the	manufac-
turer)	×	100.	Accuracy	was	considered	acceptable	if	ranging	from	85%	
to	115%.	Precision	expressed	as	CV	was	acceptable	if	<15%.10

To	estimate	the	assay’s	repeatability	at	dabigatran	concentrations	
near	 the	 lower	end	of	 the	calibration	 range,	 two	 lyophilized	dabiga-
tran	calibrators	(Hyphen	BioMed)	with	declared	concentrations	of	255 

ng/mL	 and	 30	ng/mL	 and	 a	 locally	 prepared	 pooled	 normal	 plasma	
were	mixed	to	obtain	a	set	of	samples	(from	A	to	D)	with	the	following	
final	dabigatran	concentrations:	60,	30,	20,	and	10		ng/mL.	They	were	
run	10	times	with	each	method	in	the	same	working	day,	and	the	CV	
was	calculated.

The	limit	of	detection	(LOD)	and	the	limit	of	quantification	(LOQ)	
were	evaluated	repeating	a	pooled	normal	plasma	10	times	with	each	
assay.	Raw	data	(expressed	as	OD/min	or	seconds)	were	reported	on	
the	X-	axis	of	the	calibration	curves	to	obtain	Y0	values,	and	LOD	or	LOQ	
was	computed	as	follows:	LOD	=	Y0	+	3SD	and	LOQ	=	Y0	+	10SD	(for	
chromogenic	assays	LOD	=	Y0−3SD	and	LOQ	=	Y0−10SD).

Differences	between	trough	and	peak	values	obtained	with	differ-
ent	assays	were	compared	by	the	nonparametric	Friedman	test,	and	
the	Dunn’s	multiple	comparison	test	was	used	as	post	test;	P	values	
equal	or	less	than	.05	were	considered	as	statistically	significant.

The	 Bland-	Altman	 plots	 of	 [difference	 (A-	B)	 vs	 average]	 and	 [%	
	difference	(A-	B)/average	vs	average]	were	employed	to	investigate	the	
agreement	 between	methods	 using	HTI-	HY	 as	 the	 reference	 assay.	
For	both	analyses,	bias	and	95%	limits	of	agreement	(LoA)	were	cal-
culated.	A	paired	two-	sided	t	test	was	also	performed	to	evaluate	the	
bias	between	assays.10,11	Statistical	analysis	was	carried	out	using	the	
GraphPad	Prism	Software	(San	Diego,	CA,	USA).

3  | RESULTS

3.1 | Assay’s precision and accuracy

All	assays	showed	acceptable	between-	run	precision	and	accuracy	for	
the	QC	 levels	 tested	 (total	CVs	from	3.3%	to	11.2%;	 total	accuracy	
from	91%	to	111%)	(Table	2).	Table	3	reports	the	assay’s	repeatability	
evaluated	at	very	low	dabigatran	concentrations	(samples	A,	B,	C,	D	
with	theoretical	levels	of	60,	30,	20,	and	10	ng/mL,	respectively).	CVs	
were	acceptable	(<15%)	for	all	samples	when	tested	by	ECA-	STA	and	
DTI-	IL,	and	slightly	higher	(around	20%)	for	all	levels	using	DTI-	TC.	CV	
particularly	increased	when	dosing	the	lowest	dabigatran	concentra-
tion	(sample	D)	with	DTI-	SI,	while	low	range	HTI-	HY	allowed	a	better	
repeatability	at	 low	 levels	 (samples	C,	D)	compared	 to	 the	standard	
HTI-	HY	assay.

TABLE  2 Results	of	quality	control	(QC)	samples	tested	by	different	dabigatran	assays.	For	description	of	QC	samples	see	Table1

Assay

QC level 1 QC level 2

Mean measured value 
(target value), ng/mL

Between- run, 
CV % Accuracy, %

Mean measured value 
(target value), ng/mL

Between- run, 
CV % Accuracy, %

ECA-	STA 63.7	(59.5) 8.3 107 219.9	(213.0) 4.1 103

HTI-	HY 120.7	(112.0) 3.7 108 298.2	(290.0) 3.3 103

HTI-	HY	(low	
range	curve)

32.1	(30.0) 9.1 107 90.0	(81.0) 5.6 111

DTI-	IL 54.3	(50.0) 6.1 109 231.5	(234.0) 4.4 99

DTI-	SI 123.2	(112.0) 5.3 110 275.6	(290.0) 5.0 95

DTI-	TC 133.8	(141.3) 10.0 95 288.4	(315.6) 11.2 91

CV,	coefficient	of	variation.
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3.2 | Limits of detection (LOD) and quantification 
(LOQ)

As	 shown	 in	 Table	4,	 LOD	 and	 LOQ	 values	 considerably	 varied	 
between	 methods,	 ranging	 from	 4	 to	 52	ng/mL	 and	 from	 7	 to	 82 
ng/mL,	 respectively.	 Data	 lower	 than	 LOQ	 for	 each	 assay	 were	 
excluded	from	the	analysis.

3.3 | Evaluation of five assays for dabigatran testing

A	total	of	254	patients	were	enrolled	in	the	study	by	the	4	collabora-
tive	clinics.	A	total	of	544	plasma	samples	 (309	trough	samples	and	
235	 peak	 samples)	 were	 collected	 and	 tested	 for	 dabigatran	 con-
centration;	occasionally,	plasma	volume	was	 insufficient,	and	not	all	
methods	could	be	tested.	We	included	in	the	analysis	only	samples	for	
which	all	tests	have	been	performed	(295	plasma	samples:	140	trough	
samples	and	155	peak	samples).

As	 explained	 in	 the	 Material	 and	 Methods	 section,	 dabiga-
tran	concentrations	<50	ng/mL	with	HTI-	HY	were	repeated	using	
HTI-	HY	 low	 range	 protocol.	 Figure	1	 reports	 the	 comparison	 be-
tween	standard	and	low	range	HTI-	HY	assays,	evaluated	by	Bland-	
Altman	 analysis:	 the	 mean	 difference	 of	 results	 was	 −7.3	ng/mL	

(P	<	.0001;	 95%	 LoA	 from	 −21.3	 to	 6.6	ng/mL),	 suggesting	 that	
HTI-	HY	 low	 range	 assay	 was	 able	 to	 detect	 lower	 dabigatran	
concentrations.

In	our	analysis,	HTI-	HY	values	<50	ng/mL	were	replaced	with	cor-
responding	results	obtained	with	HTI-	HY	low	range	assay.	Trough	and	
peak	mean	dabigatran	concentrations	measured	with	the	five	meth-
ods	are	 in	Table	5.	Differences	were	significant	 for	trough	and	peak	
values	(P < .0001; P	values	for	Dunn’s	multiple	comparison	are	shown	
in	Table	S2).

Assay
Sample and theoretical 
concentration, ng/mL

Measured concentration 
mean (SD), ng/mL

Within- run 
CV, %

ECA-	STA Sample	A,	60 47.9	(1.4) 2.9

Sample	B,	30 21.8	(1.5) 6.9

Sample	C,	20 17.0	(1.1) 6.5

Sample	D,	10 13.2	(1.5) 11.4

HTI-	HY Sample	A,	60 58.2	(4.5) 7.8

Sample	B,	30 29.9	(2.6) 8.6

Sample	C,	20 19.6	(4.3) 21.7

Sample	D,	10 7.2	(5.2) 74.2

HTI-	HY	(low	
range	curve)

Sample	A,	60 71.2	(6.3) 8.8

Sample	B,	30 35.6	(3.4) 9.6

Sample	C,	20 25.2	(4.5) 17.9

Sample	D,	10 12.2	(2.9) 23.8

DTI-	IL Sample	A,	60 75.8	(4.2) 5.5

Sample	B,	30 43.6	(1.7) 3.9

Sample	C,	20 30.3	(2.3) 7.6

Sample	D,	10 12.6	(1.4) 11.1

DTI-	SI Sample	A,	60 71.5	(3.9) 5.5

Sample	B,	30 32.1	(4.4) 13.7

Sample	C,	20 19.9	(2.7) 13.6

Sample	D,	10 7.1	(6.0) 84.5

DTI-	TC Sample	A,	60 61.7	(12.1) 19.6

Sample	B,	30 33.6	(6.0) 17.9

Sample	C,	20 27.9	(3.4) 12.2

Sample	D,	10 21.5	(4.5) 20.9

SD,	standard	deviation;	CV,	coefficient	of	variation.

TABLE  3 Repeatability	of	five	assays	
for	dabigatran	measurement	at	very	low	
dabigatran	concentrations	expressed	as	
coefficient	of	variation.	Samples	from	A	to	
D	were	prepared	mixing	dabigatran	
calibrators	with	pooled	normal	plasma,	and	
the	correspondent	theoretical	
concentration	was	calculated

TABLE  4 Limits	of	detection	(LOD)	and	quantification	(LOQ)	of	
different	assays	for	dabigatran	determination

Assay LOD, ng/mL LOQ, ng/mL

ECA-	STA 12 27

HTI-	HY 7 36

HTI-	HY	(low	range	
curve)

10 28

DTI-	IL 4 7

DTI-	SI 14 82

DTI-	TC 52 64
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The	agreement	between	the	reference	assay	(HTI-	HY)	and	other	
methods	was	evaluated	by	the	Bland-	Altman	analysis,	where	trough	
and	 peak	values	were	 assessed	 together	 (Figure	2).	The	mean	 dif-
ference	 of	 results	 between	HTI-	HY	 and	 ECA-	STA	was	 the	 closest	
to	 0	ng/mL	 and	 not	 statistically	 significant	 (−2.4	ng/mL,	 P	=	.19).	
The	bias	between	HTI-	HY	and	other	assays	suggested	a	modest	but	
significant	 over-		 (−9.2	ng/mL	 for	 DTI-	IL;	 −17.3	ng/mL	 for	 DTI-	SI;	
P	<	.0001)	 or	 underestimation	 (4.0	ng/mL,	 P	=	.025	 for	 DTI-	TC)	 of	
dabigatran	concentrations.	The	95%	limits	of	agreement	were	similar	
for	all	methods	and	suggested	a	wide	range	of	differences	in	concen-
trations	between	HTI-	HY	and	the	other	evaluated	methods,	with	the	
95%	LoA	lower	end	variable	from	−84.7	to	−56.1	ng/mL	and	the	95%	
LoA	upper	end	variable	from	36.8	to	66.3	ng/mL.	Moreover,	Bland-	
Altman	 analysis	 calculated	 as	%	 differences	 between	HTI-	HY	 and	
other	assays	has	been	assessed,	and	results	are	reported	in	Table	S3.

Close	 scrutiny	 of	 the	 plots	 showed	 that	 the	 scatter	 of	 differ-
ences	increased	for	high	dabigatran	values	(approximately	above	200 
ng/mL).	To	better	evaluate	the	agreement	between	methods	at	differ-
ent	dabigatran	concentrations,	data	were	stratified	into	3	groups	ac-
cording	to	HTI-	HY	results	(group	1	<	100	ng/mL;	group	2	=	100-	200 
ng/mL;	 group	 3	>	200	ng/mL),	 and	 Bland-	Altman	 analysis	 was	 re-
peated.	As	shown	in	Table	6,	ECA-	STA	confirmed	the	lowest	deviation	

of	results	compared	to	HTI-	HY	in	all	subgroups,	as	 indicated	by	the	
mean	of	differences	that	was	very	close	to	0	ng/mL	and	not	statisti-
cally	significant,	especially	for	group	2	(bias	−0.7	ng/mL)	and	group	3	
(bias	0.6	ng/mL).	DTI-	IL	and	DTI-	SI	slightly	overestimated	dabigatran	
concentrations	compared	to	HTI-	HY	in	all	groups	(bias	from	−5.0	to	
−30.9	ng/mL).	 Results	 of	 DTI-	TC	were	 slightly	 higher	 than	 HTI-	HY	
at	 low	concentrations	 (<100	ng/mL,	 bias	=	−22.5	ng/mL),	 and	 lower	
in	 the	 other	 groups,	 especially	 for	 >200	ng/mL	 (bias	=	26.2	ng/mL).	
The	 95%	 limits	 of	 agreement	were	 generally	 higher	 for	 dabigatran	
concentrations	above	200	ng/mL	 (95%	LoA	 lower	end	 from	−122.1	
to	 −41.0	ng/mL	 and	 95%	 LoA	 upper	 end	 from	 58.6	 to	 104.5	ng/
mL)	compared	to	group	1	(95%	LoA	lower	end	from	−76.6	to	−52.6 
ng/mL	 and	 95%	 LoA	 upper	 end	 from	 14.6	 to	 33.6	ng/mL).	 Similar	
results	 were	 obtained	 by	 Bland-	Altman	 analysis	 calculated	 as	 
%	differences	between	HTI-	HY	and	other	assays	in	each	subgroup,	as	
reported	in	Table	S4.

4  | DISCUSSION

In	the	era	of	DOAC,	the	role	of	the	clinical	laboratory	for	the	control	
of	anticoagulation	has	proved	essential	 in	 several	 clinical	 situations,	
both	for	emergency	and	for	the	optimal	management	of	the	therapy.	
Increasing	evidences	have	highlighted	limitations	of	the	routine	global	
test	aPTT	 for	dabigatran	measurement,	mostly	with	 some	 reagents,	
whereas	specific	chromogenic	or	clotting-	based	assays	have	proven	
to	be	accurate	and	responsive.3

In	the	present	study,	we	evaluated	several	methods	that	are	cur-
rently	 available	 from	 different	 manufacturers	 for	 dabigatran	 mea-
surement	 (see	 Table	1).	 Some	 are	 clotting	 assays	 (Technoclot	 DTI	
[Technoclone],	 Direct	 Thrombin	 Inhibitor	 Assay	 [Instrumentation	
Laboratory],	Hemoclot	Thrombin	 Inhibitors	 [Hyphen	BioMed]),	and	
others	 are	 chromogenic	 assays	 (Direct	 Thrombin	 Inhibitor	 Assay	
[Siemens],	STA-	ECAII	[Diagnostica	Stago]).

We	did	not	use	LC-	MS/MS	as	gold	standard	to	compare	methods	
because	it	was	not	possible	to	carry	out	the	assay	in	the	laborato-
ries	 taking	part	 in	 the	protocol.	We	adopted	 the	HTI-	HY	as	 refer-
ence	test,	owing	to	the	well-	established	good	correlation	with	liquid	
chromatography	reported	in	literature.12	Different	authors	demon-
strated	 a	 small	 interindividual	 variability	 of	 HTI-	HY	 and	 a	 good	
agreement	with	LC-	MS/MS	measurements,	and	suggested	that	the	

F IGURE  1 Bland-	Altman	analysis	for	comparison	of	HTI-	HY	
and	HTI-	HY	low	range	at	dabigatran	concentrations	<50	ng/mL	as	
determined	by	HTI-	HY.	The	plot	of	(difference	[A-	B]	vs	average)	
where	A	is	the	result	of	HTI-	HY	and	B	the	result	of	HTI-	HY	low	range	
is	shown

TABLE  5 Dabigatran	plasma	levels	measured	by	five	different	assays	for	trough	and	peak	samples

ECA- STA HTI- HY DTI- IL DTI- SI DTI- TC P

Trough	samples

Median,	ng/mL 112.7 117.5 115.4 133.0 118.8 <.0001

Range,	ng/mL (40.2-	358.9) (46.0-	393.0) (52.0-	440.8) (82.1-	415.3) (82.1-	332.2)

N 140 140 140 140 140

Peak	samples

Median,	ng/mL 184.3 177.1 188.8 198.5 173.7 <.0001

Range,	ng/mL (57.9-	523.7) (46.0-	522.3) (65.7-	605.0) (87.0-	552.2) (83.4-	489.0)

N 155 155 155 155 155
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Hemoclot	assay	can	accurately	estimate	dabigatran	concentrations	
if	 LC-	MS/MS	 is	 not	 available.	Although	 precision	 and	 accuracy	 of	
Hemoclot	for	dabigatran	concentrations	<50	ng/mL	proved	to	be	in-
ferior	to	the	gold	standard	LC-	MS/MS,13-17	other	data	showed	that	
the	use	of	specific	low	calibrators	could	improve	the	performance	of	
Hemoclot	assay	for	levels	below	50	ng/mL.6,7

In	our	study,	dabigatran	levels	<50	ng/mL	were	tested	by	HTI-	HY	
low	range	protocol	that	showed	better	precision	and	lower	LOD	and	
LOQ	compared	to	standard	HTI-	HY	assay.	Our	results	suggested	that	
the	agreement	between	HTI-	HY	and	the	other	evaluated	assays	was	
overall	good.	The	ECA-	STA	was	the	test	with	 less	systematic	differ-
ence	compared	to	HTI-	HY,	also	after	stratification	of	dabigatran	levels:	
deviation	 of	 results	was	very	 close	 to	 0	ng/mL	 for	 each	 concentra-
tion	range,	as	shown	by	the	Bland-	Altman	analysis	(see	Figure	2	and	
Table	6).	For	the	other	methods,	we	observed	a	modest	over	(DTI-	IL	
and	DTI-	SI)	or	under-	estimation	(DTI-	TC);	for	some	the	agreement	im-
proved	 in	a	specific	concentration	 range	 (eg,	 in	 the	100-	200	ng/mL	
range	for	DTI-	IL	and	DTI-	TC	or	above	200	ng/mL	for	DTI-	SI).

All	the	evaluated	assays	showed	good	between-	run	precision	and	
accuracy	for	the	QC	levels	tested	(see	Table	2).	The	assay’s	repeatabil-
ity	at	the	lower	end	of	the	calibration	range	was	assessed	testing	sam-
ples	with	dabigatran	concentrations	from	10	to	60	ng/mL,	and	it	was	

acceptable;	as	expected,	assay’s	variability	increased	with	decreasing	
dabigatran	levels	as	shown	by	CVs	(see	Table	3).

The	calculated	LOD	and	LOQ	were	quite	different	among	the	eval-
uated	assays:	one	method	allowed	accurate	detection	of	very	low	val-
ues	(DTI-	IL),	while	others	had	slightly	higher	LOD/LOQ	(ECA-	STA	and	
HTI-	HY)	or	even	more	(DTI-	SI	and	DTI-	TC).

All	the	methods	were	easy	to	set	up,	fully	automated	and	robust	as	
shown	by	the	validity	over	time	of	the	calibrations.	They	also	proved	
suitable	 to	 be	 applied	 in	 emergency	 because	 results	were	 available	
within	few	minutes.

The	main	limitation	of	the	study	is	the	lack	of	comparison	between	
specific	 assays	 and	 the	 gold	 standard	 LC-	MS/MS;	 nevertheless,	 the	
use	of	Hemoclot	as	reference	test	in	our	analysis	is	due	to	the	good	
correlation	of	Hemoclot	with	liquid	chromatography	reported	in	litera-
ture,	as	described	above.12	Moreover,	in	our	study,	we	did	not	compare	
results	of	the	same	assay	performed	in	different	 laboratories,	as	our	
aim	was	to	evaluate	the	performance	of	specific	tests	removing	inter-
laboratories	variability,	which	has	been	discussed	by	other	authors.9	At	
last,	we	calculated	the	mean	bias	between	reference	(Hemoclot)	and	
test	methods	using	the	average	concentrations	of	reference	and	test	
method	as	“true”	concentrations;	this	approach	results	in	smaller	bias	
than	using	dabigatran	levels	determined	by	Hemoclot	as	reference.

F IGURE  2 Bland-	Altman	analysis	calculated	as	(difference	[A-	B]	vs	average)	where	A	is	HTI-	HY	used	as	reference	method	and	B	is	one	of	the	
other	assays	for	dabigatran	measurement	 
[Correction	added	on	22	January	2018,	after	initial	online	publication.	The	Figure	2	graphs	have	been	published	with	points]
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Strengths	of	the	study	are	the	relatively	large	sample	size,	its	mul-
ticenter	and	multiplatform	nature,	the	inclusion	of	five	specific	assays	
for	dabigatran	measurement	that	are	currently	widely	used	in	coagula-
tion	laboratories	and	the	use	of	low	range	Hemoclot	calibrators.	In	con-
clusion,	the	five	specific	assays	evaluated	in	this	study	for	patients	on	
dabigatran	proved	to	be	simple	and	accurate	for	the	drug	measurement	
across	a	wide	range	of	concentrations,	although	with	different	perfor-
mances.	The	assay’s	performances	in	the	low	range	were	improved	by	
the	use	of	specific	low	calibrators	when	available,	but	it	showed	differ-
ent	variability	among	commercial	assays	and,	consequently,	influenced	
the	detection	of	low	drug	levels.	Therefore,	clinical	laboratories	should	
know	and	carefully	consider	 the	assay	performances	when	choosing	
the	method	to	employ	for	dabigatran	measurement.
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