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Summary. The introduction of direct oral anticoagulant

(DOAC) therapy into clinical use in the past 5 years has

had significant impact on the clinical laboratory. Clinicians’

desire to determine plasma drug presence or measure drug

concentration, and more recent observations regarding the

limitations and utility of coagulation testing in the setting

of DOAC treatment, suggest that early published recom-

mendations regarding laboratory testing should be reas-

sessed. These initial recommendations, furthermore, were

often based on drug-spiked plasma studies, rather than

samples from patients receiving DOAC therapy. We have

demonstrated that reagent sensitivity varies significantly

whether drug-spiked samples or samples from DOAC-trea-

ted patients are tested. Data from drug-enriched samples

must therefore be interpreted with caution or be used as a

guide only. We present laboratory assays that can be used

to determine drug presence and to measure drug concentra-

tion, and provide recommended testing algorithms. As

DOAC therapy may significantly impact on specialty coag-

ulation assays, we review those tests with the potential to

give false-positive and false-negative results.

Keywords: apixaban; direct factor Xa inhibitors; direct
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Introduction

Dabigatran, an oral direct thrombin inhibitor, was

approved in 2010 for use in stroke prevention in patients

with non-valvular atrial fibrillation. Subsequent oral

direct activated factor X (FXa) inhibitors, specifically

rivaroxaban, apixaban, and now edoxaban, have now

gained approval for use in numerous thromboembolic

treatment and prophylaxis indications. The number of

patients prescribed these new anticoagulants is rapidly

increasing [1].

Clinical laboratories have struggled to keep abreast to

offer timely and accurate information about direct oral

anticoagulants (DOACs) and their effect on coagulation

testing. Early recommendations for laboratory testing in

patients receiving DOACs were based on the best infor-

mation available at the time of publication [2–4]. Some

guidelines have since been modified to reflect more cur-

rent observations regarding both the limitations and

potential utility of coagulation testing in the setting of

DOAC treatment [5,6]. Early recommendations, from

drug prescribing information leaflets and guidelines from

well-established hemostasis-based organizations, suggested

the potential utility of global screening assays, such as the

prothrombin time (PT) and activated partial thrombo-

plastin time (APTT), in assessing DOAC anticoagulation

[5–7]. Although these guidelines uniformly expressed cau-

tion regarding their use and described the limitations of

screening assays, these early published data were based

predominantly on drug-enriched, pooled plasma from

normal healthy adults, or pooled data from clinical trials

that provided no detailed information regarding specific

reagents or instrumentation [3,8–13]. Those drug-enriched

normal plasma studies that did provide detailed informa-

tion utilized reagent and instrument combinations that

are not commonly employed in routine practice, limiting

their utility for clinical laboratories [9,13,14]. Also,

whereas major guidelines recommend that each labora-

tory has knowledge of their local reagent sensitivity to a

given DOAC [5,6], such information remains elusive for

laboratories that lack expertise in this area. As more data

are published from patients receiving DOAC therapy

[15,16], it has become evident that the early recommenda-

tions about DOACs and coagulation testing, although

based on the best evidence at the time, may perhaps have
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been premature. We have observed significant differences

in reagent sensitivity when comparing clotting time results

of DOAC-enriched plasma samples with samples from

patients receiving DOACS and with commercial drug cal-

ibrators (Figs 1–3) [17]. Although the use of drug-

enriched normal plasma provides valuable information

for determining the relative sensitivity of a DOAC to a

given reagent system, as well as the drug effect on other

coagulation assays (e.g. factor levels and protein S),

in vitro drug enrichment of normal plasma may not

reflect clotting time results as would be obtained with

testing of samples from patients on DOACs, and there-

fore must be used as a guide only.

Clinical laboratory scientists should take the lead role in

deciphering the impact of DOACs on coagulation tests, as

they tend to possess the greatest knowledge regarding test-

ing methods and instrumentation. Clinical laboratory sci-

entists should also be proactive and determine what

information the clinician needs regarding DOACs in order

to recommend the appropriate tests and help interpret the

results. The most common questions that clinicians have

regarding DOAC-treated patients include: (i) is drug pre-

sent; or (ii) how much is present? The laboratory approach

to these questions may vary with the complexity of the lab-

oratory and the testing capabilities. Each laboratory

should have testing algorithms in place to address both

questions. Although it may not be possible for each clinical

laboratory to quantify DOACs, providing some estimation

of drug level may be helpful in emergent situations. The

purpose of this article is to describe the use of laboratory

tests in assessing DOAC anticoagulation. Whether there is

a need to measure or monitor DOAC anticoagulation is

beyond the scope of this article, and will not be addressed.

The clinical question: is a DOAC present?

There are two possible scenarios in which this question

has significant clinical impacts. The first concerns patients

known to have a DOAC medication history, requiring an

emergent intervention or procedure (e.g. stroke or regio-

nal anesthesia). The second concerns patients with an

unknown medical or treatment history requiring emer-

gency medical care. The latter population may be more

prominent in institutions that serve as trauma or stroke

centers, but, potentially, any institution that provides

acute or emergent care may evaluate patients (e.g. travel-

ers) who are unable to provide a medication history (e.g.

trauma and stroke). With the exception of HPLC and

tandem liquid chromatography–mass spectrometry (LC-

MS/MS), all of the currently available tests for rapidly

assessing DOAC lack specificity, so laboratory results

must be used in conjunction with clinical presentation.

Publications investigating the need to identify the pres-

ence of DOACs with screening algorithms (PT and

APTT) have largely addressed dabigatran rather than

FXa DOAC [18,19]. Our increasing knowledge about
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Fig. 1. Comparison of assessment of the rivaroxaban sensitivity of

Recombiplastin 2G (R2GPT; Instrumentation Laboratory) pro-

thrombin time reagent with patient samples, commercial calibrator

material (Hyphen), and drug-enriched pooled normal patient plasma

(NPP).
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Fig. 2. Comparison of assessment of the rivaroxaban sensitivity of

Actin FSL activated partial thromboplastin time (APTT) (Siemens

Healthcare Diagnostics, Newark, DE, USA) reagent with patient

samples, commercial calibrator material (Hyphen), and drug-

enriched pooled normal patient plasma (NPP).
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Fig. 3. Comparison of assessment of the dabigatran sensitivity of

Actin FSL activated partial thromboplastin time (APTT) reagent

with patient samples, commercial calibrator material (Hyphen), and

drug-enriched pooled normal patient plasma (NPP).
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DOAC-treated patients indicates that normal PT and

APTT test results may not exclude the presence of signifi-

cant amounts of either anti-activated FII (FIIa) or anti-

FXa DOACs, especially in apixaban-treated patients

[20,21]. There are sufficient data indicating that a normal

thrombin time (but not dilute thrombin time [dTT]) in

patients receiving dabigatran anticoagulation is a highly

sensitive method that virtually excludes the presence of

drug [22]. Therefore, whether patients with a known or

an unknown medication history are tested, a traditional

thrombin time (TT) test should be incorporated into the

laboratory algorithm to determine the potential presence

of dabigatran. Because of the limited lower limit of detec-

tion and limit of quantification (LOQ), the use of a cali-

brated dTT may not adequately determine the amount of

residual drug in those situations where a virtual absence

of drug is desired (e.g. tissue-type plasminogen activator

treatment in acute stroke or regional anesthesia) [23,24].

A recent publication also raised a concern about the inac-

curacy of a manufacturer-provided low-dabigatran cali-

brator potentially resulting in underestimation of drug

presence or amount [25].

The sensitivity of PT reagents to drug concentration

depends on the particular DOAC in question. Clinicians

must understand that a reagent reported to be highly

sensitive to anti-FXa DOACs (e.g. Neoplastine [CI Plus

Diagnostica-Stago Corporation, Parsippany, NJ, USA] or

Recombinplastin 2G [Instrumentation Laboratory,

Bedford, MA, USA]) is dependent on the individual anti-

DOAC only, and reagents may not have the same sensi-

tivity for all drugs in a given class (Fig. 4). Publications

have reported the use of heparin-calibrated anti-FXa

methods as a means to provide a highly sensitive method

for determining the presence (or absence) of drugs [26,27]

(Fig. 5). Other methods for quantifying or estimating

drug concentrations have been described for use in

patients with a known history of DOAC use, including

dilute Russell’s viper venom time (DRVVT) [25,28], mod-

ified PT [29], point-of-care methods [30], chromogenic

anti-FXa [14,21,27,28], thrombin generation assays

[9,31,32], and thromboelastometry [31,33], but all lack

specificity for DOACs, which limits their use as a screen-

ing or quantifying method. Urinary methods for measur-

ing the metabolites of dabigatran or rivaroxaban offer

interesting alternatives to blood testing, but these meth-

ods do not correlate with the concentration of drug in the

blood, and their results should be interpreted with cau-

tion [34,35]. Laboratory and clinician interpretation of

data must incorporate clinical history and presentation to

Innovin

Recombiplastin 2G

Thromborel S

Neoplastine CI Plus

10.0

15.0

20.0

25.0

30.0

35.0

40.0

45.0A

B

0 100 200 300 400 500 600 700 800

P
ro

th
ro

m
bi

n 
tim

e 
(s

)

Rivaroxaban (ng mL–1)  

Apixaban 

Rivaroxaban 

Edoxaban 

10.0

15.0

20.0

25.0

30.0

35.0

40.0

45.0

0 100 200 300 400 500 600 700 800

R
ec

om
bi

pl
as

tin
 2

G
 P

T
 (

s)

Anti-FXa DOAC (ng mL–1)

Fig. 4. Prothrombin time sensitivity to Rivaroxaban. (A) The sensi-

tivity of different prothrombin time (PT) reagents to increasing

concentrations of rivaroxaban. (B) Differences in the sensitivity of

different anti-activated FX (FXa) direct oral anticoagulants

(DOACs) with Recombiplastin 2G PT reagent.
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Fig. 5. Heparin anti-Xa testing and anti-Xa DOAC. Sensitivity of

(A) low molecular weight heparin (LMWH)-calibrated or (B) unfrac-

tionated heparin (UFH)-calibrated anti-activated FX (FXa) measure-

ment and corresponding apixaban concentrations. Plateaus of results

(Rotachrome UFH; Diagnostica Stago) are based on the upper limit

of calibration.
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assess coincidental findings (e.g. receiving DOAC therapy,

but with a coagulopathy attributable to other causes).

The following points concerning assessment of the pres-

ence of DOACs are based on the current literature.

Known dabigatran treatment

1 If acutely needed for patients with known dabigatran

treatment, a normal traditional TT virtually excludes

the presence of drug.

(i) If the TT is elevated, the use of TT mixing studies,

i.e. TT with protamine sulfate, fibrinogen or repti-

lase tests, can help to discriminate between fibrino-

gen abnormalities and a dabigatran effect.

(ii) TT mixing studies not correcting indicates that

dabigatran is most likely to be present.

(iii) TT with protamine sulfate correcting suggests the

presence of heparin.

(iv) An abnormal TT, with normal fibrinogen and rep-

tilase, suggests the presence of dabigatran.

(v) Abnormal TT, fibrinogen and reptilase suggest

hypofibrinogenemia, hypodysfibrinogenemia, or

dysfibrinogenemia.

Known anti-FXa DOAC treatment

1 If acutely needed for patients with known FXa DOAC

use, a chromogenic anti-FXa assay (calibrated with

unfractionated heparin [UFH] or low molecular weight

heparin [LMWH]) that yields a value at or below the

LOQ may virtually exclude the presence of an anti-

FXa DOAC.

Unknown medication history

1 If acutely needed for patients with an unknown medica-

tion history, a traditional TT and the use of heparin-

calibrated anti-FXa tests can guide clinicians to the

presence of anti-FIIa or anti-FXa DOACs.

(i) A normal TT excludes the presence of dabigatran.

(ii) Anti-FXa below the LOQ may rule out the pres-

ence of an FXa DOAC

Note: Use these data in conjunction with PT,

APTT and fibrinogen to assess other causes of

coagulopathy in a bleeding patient.

Note: Chromogenic anti-FXa assays cannot dis-

criminate between heparin and anti-FXa DOACs.

Note: The use of urinary tests may also be useful,

although there is no correlation between urinary

presence and plasma concentration.

In those clinical scenarios where a medication history is

not available, institutions should consider employing

methods that are sensitive enough to detect low levels of

DOACs. There is sufficient evidence from the use of

DOAC-treated patient samples to indicate that routine

screening tests, such as the PT and APTT, are not

adequate in these situations [15,16]. Most automated

coagulation instruments, including small bench-top ana-

lyzers, can perform TT and chromogenic anti-FXa assays.

The widespread use of anti-FXa testing has been con-

strained because of: (i) the limited stability of the reagent,

whether on-board the instrument or refrigerated; and (ii)

the cost of the reagents as compared with PT, APTT and

TT tests. The sensitivity of anti-FXa assays to DOACs

may be assessed with commercially available calibrator

material. Serial dilutions of calibrator into drug-naive

normal plasmas may be useful for determining the local

LOQ of an anti-FXa DOAC. Although rivaroxaban and

apixaban show similar drug concentration-dependent lin-

ear responses in heparin-calibrated anti-FXa assays, we

have noted that edoxaban is slightly less responsive. Note

that calibrator material may not be suitable for assessing

the DOAC sensitivity of the PT and APTT screening tests

[17].

The clinical question: how much DOAC is present?

If it has been established that a patient has been treated

with a DOAC, quantification of the plasma or serum

drug concentration may be desired. Scenarios in which

determining drug concentrations may be of clinical value

include the bleeding patient, emergent surgery, trauma,

renal insufficiency, or drug compliance, to name a few.

One published study measured dabigatran levels to track

the efficacy of drug removal by using dialysis, and subse-

quently used these data to estimate number of dialysis

cycles necessary to reduce levels to allow for safe inter-

vention in other patients [36]. The required result turn-

around time may direct the test method, as use of the

gold standard method for drug assessment (mass spec-

trometry) is not possible in most clinical laboratories,

owing to instrument and methodology complexity. The

need for measurement of the drug concentration prior to

administration of specific reversal agents as they become

available is unclear. Clinical trials for these agents are

performed with fixed doses, independent of the circulating

drug concentration [37,38]. It remains unclear whether

there would be any advantage to quantifying DOACs for

reversal agent dose adjustment in those patients with very

high drug levels. To assess patient compliance or in non-

emergent settings, referral testing may be more cost-effec-

tive, although turnaround times for receiving test results

may span over several days.

Other considerations for drug quantification would

include timing of sample collection (trough versus peak),

the implications of random sample collection, the report-

ing format, and result interpretation. Expected trough

and peak drug concentrations are predicated on pre-

scribed dose and frequency [39] (Table 1), but the dura-
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tion of treatment may also have an effect on measured

drug concentrations [40]. There is no consensus on

whether trough values are superior to peak value results.

A trough drug value would suggest the minimum drug

concentration, whereas peak sample collections may be

convenient, especially if the DOAC is recommended to

be taken with food. Less reliable, and with more diffi-

culty in ascertaining the significance, would be the col-

lection of random DOAC levels. However, random

sample collections are often unavoidable in emergent sit-

uations.

Results should be reported in ng mL�1, and there

should be an accompanying comment about the appropri-

ate range of results (peak or trough levels) based on pub-

lished data from clinical trials.

For any test used to quantify DOACs, it is critical to

have continuous surveillance of test performance over

time. This can be achieved with longitudinal plasma

material (e.g. previously quantified frozen plasma samples

appropriately stored), but preferable to this is enrollment

in proficiency programs that monitor drug measurement

performance (e.g. External quality Control for Assays

and Tests or College of American Pathologists).

How much dabigatran is present?

Although the APTT may be relatively sensitive (as com-

pared with the PT) to dabigatran concentration, this test

should not be used to quantify or estimate drug concen-

tration. A number of drug-calibrated methods that have

been described for the rapid quantification of dabigatran

include the dTT, ecarin-based methods, and high phos-

pholipid content DRVVT. More specific methods would

include HPLC and LC-MS/MS [41,42]. Traditional TTs

are exquisitely sensitive to dabigatran, and are therefore

not useful for quantifying drug unless method modifica-

tion (i.e. changing the thrombin concentration or diluting

the sample) is made to extend clotting times. Good corre-

lations between dTT, DRVVT and ecarin methods with

LC-MS/MS suggest that these methods would be suitable

for quantifying dabigatran [25,32,43].

On the basis of the current literature on the quantifica-

tion of dabigatran:

1 APTT or PT should not be used to quantify or esti-

mate drug concentration.

2 Traditional TT tests are too sensitive to quantify drug

concentration, and should only be used to detect the

presence or absence of drug.

3 Dabigatran-calibrated dTT or ecarin-based tests are

rapid assays (< 10 min) that demonstrate good corre-

lation with LC-MS/MS. These methods do not give fal-

sely elevated results in the presence of a lupus

anticoagulant or factor deficiency (other than decreased

fibrinogen for dTT).

Note: Each laboratory should assess the accuracy of

the LOQ of their method, and report results as ‘less

than’ numeric LOQ value (ng mL�1).

Note: Use these data in conjunction with PT, APTT

and fibrinogen, to assess other causes of coagulopathy

in a bleeding patient.

4 Less specific methods, such as DRVVT or dilute pro-

thrombin assays, that have been calibrated with commer-

cially available material are rapid assays (< 10 min)

that have demonstrated good correlation with LC-MS/

MS but may give falsely elevated values (and therefore

overestimate drug concentration) in the presence of a

lupus anticoagulant or factor deficiency.

5 HPLC and LC-MS/MS are highly sensitive, highly

specific methods, with low limits of detection for dabi-

gatran, and may be considered in patients where emer-

gent results are not required.

How much anti-FXa DOAC is present?

Although the PT may be relatively sensitive (as compared

with the APTT) to anti-FXa DOACs, this test should not be

used to quantify or estimate drug concentration. There are a

limited number of drug-calibrated methods that have been

described for rapidly quantifying anti-FXa DOACs, includ-

ing drug-calibrated chromogenic anti-FXa (commonly used

for heparin level determination) and high phospholipid con-

tent DRVVT. More specific methods would include HPLC

and LC-MS/MS [41,42]. Drug-calibrated anti-FXa and high

phospholipid DRVVT demonstrate good correlations with

LC-MS/MS, suggesting that these methods are suitable for

FXa DOAC quantification [25,32,43].

On the basis of the current literature for the quantifica-

tion of anti-FXa DOACs:

1 APTT or PT should not be used to quantify or esti-

mate anti-FXa DOAC concentrations.

2 Chromogenic anti-FXa methods calibrated with com-

mercially available calibrator material are rapid assays

(< 10 min) that have demonstrated good correlations

with LC-MS/MS.

Note: Use these data in conjunction with PT, APTT

and fibrinogen to assess other causes of coagulopathy

in a bleeding patient.

Table 1 The 5th–95th percentile values for the various direct oral

anticoagulants at a given dose [39]

Trough (ng mL�1) Peak (ng mL�1)

Apixaban

2.5 mg twice daily 20–94 36–100
10 mg twice daily 30–412 122–412

Dabigatran

150 mg twice daily 31–225 64–223
Edoxaban

30 mg once daily 130–174 376–412
60 mg once daily 268–336 388–444

Rivaroxaban

10 mg once daily 1–38 91–195
20 mg once daily 4–96 160–360
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Note: Each laboratory should assess the accuracy of

the LOQ of their method, and report results as ‘less

than’ numeric LOQ value (ng mL�1).

Note: Published data have demonstrated linear concen-

tration-dependent correlations with UFH-calibrated or

LMWH-calibrated anti-FXa results. Extrapolation of

anti-FXa DOAC concentrations with this method

should be used and interpreted with caution.

Note: Chromogenic anti-FXa testing cannot differenti-

ate indirect (e.g. UFH) versus direct (e.g. apixaban)

versus different types of indirect (e.g. UFH versus

LMWH) or indirect (e.g. apixaban versus edoxaban)

anti-FXa therapies.

3 Less specific methods, such as DRVVT or dPT assays

calibrated with commercial material, are rapid assays

(<10 min) that have demonstrated good correlations

with LC-MS/MS but may give falsely elevated values

in the presence of lupus anticoagulants or factor

deficiency.

4 HPLC and LC-MS/MS are highly sensitive, highly

specific methods, with low limits of detection for anti-

FXa DOACs, and may be considered in patients where

emergent results are not required.

Impact of DOACS on specialty coagulation assays

DOACs function as inhibitors of FXa or FIIa, and these

drugs therefore impact on clot-based and chromogenic

assays that rely on either of these factors (Table 2). These

include many specialty coagulation assays. ELISA-based

assays and molecular assays do not demonstrate DOAC

interference.

Factor assays

As DOACs may elevate the APTT and/or PT, APTT or

PT-based factor activity assays may give falsely low results.

Drug effects can often, but not universally, be diluted out,

and DOACS may therefore cause non-parallelism in clot-

based factor activity assays. Normal plasma mixing studies

demonstrate incomplete correction, consistent with the

presence of an inhibitor, and specific factor inhibitor assays

may give falsely positive results. FVIII, FIX and FX chro-

mogenic activity assays are based on chromogenic determi-

nation of FXa activation, and will therefore give falsely

low results if an anti-FXa DOAC is present.

Inherited and acquired thrombophilia screening

DOACs may cause false-positive lupus anticoagulant test

results both with APTT-based and with dRVVT-based

screening and confirmatory assays. Clot-based protein C,

protein S and activated protein C resistance assays may

give overestimations in the presence of DOACs, yielding

falsely normal results. Chromogenic antithrombin activity

assays are based on chromogenic determination of either

FXa or FIIa activation, and overestimation of activity

occurs in the presence of DOACs. As there is a potential

for underlying deficiencies or abnormalities to be masked,

it may be prudent to repeat these tests after cessation of

Table 2 Impact of direct oral anticoagulants (DOACS) on select special coagulation assays

Assay Anti-FIIa DOAC Anti-FXa DOAC

Clauss fibrinogen May be falsely decreased No effect

PT mixing study May demonstrate incomplete correction May demonstrate incomplete correction

APTT mixing study May demonstrate incomplete correction May demonstrate incomplete correction

One stage APTT-based factor assays

(FVIII, FIX, FXI, FXII)

May demonstrate false decrease in factor

activity

May demonstrate false decrease in factor

activity

One stage PT-based factor assays (FII,

FV, FVII, FX)

May demonstrate false decrease in factor

activity

May demonstrate false decrease in factor

activity

Chromogenic FVIII activity No effect May demonstrate false decrease in activity

Bethesda assay False inhibitor present False inhibitor present

AT activity: thrombin substrate May demonstrate false increase in AT activity;

may mask AT deficiency

No effect

AT activity: FXa substrate No effect May demonstrate false increase in AT activity;

may mask AT deficiency

PC activity: clot-based May demonstrate false increase in PC activity;

may mask PC deficiency

May demonstrate false increase in PC activity;

may mask PC deficiency

PS activity: chromogenic No effect No effect

PS activity: clot-based May demonstrate false increase in PS activity;

may mask PS deficiency

May demonstrate false increase in PS activity;

may mask PS deficiency

PS activity: ELISA-based or LIA-based No effect No effect

LA testing Possible to misclassify as LA present Possible to misclassify as LA present

Activated PC resistance assay Falsely increased ratio; possible to misclassify as

FV Leiden mutation absent

Falsely increased ratio; possible to misclassify as

FV Leiden mutation absent

AT, antithrombin; LA, lupus anticoagulant; LIA, latex immunoassay; PC, protein C; PS, protein S.
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DOAC therapy or to consider molecular testing where

appropriate.

Addendum

R. C. Gosselin and D. M. Adcock contributed to all por-

tions to the preparation of this manuscript.

Conclusion

1 APTT and PT assays have limited utility in determining

the presence of both anti-FIIa and anti-FXa DOACs.

2 A normal TT excludes the presence of dabigatran, and

dabigatran-calibrated dTT or ecarin methods can be

used to determine drug concentrations.

3 Chromogenic anti-FXa assays can be used to determine

the presence of anti-FXa anticoagulants, including

DOACs, and drug-calibrated methods can be used to

measure plasma concentrations.

4 Testing algorithms that can determine anti-FIIa or

anti-FXa DOAC presence or concentration should be

developed by laboratories and made available to clini-

cians.

5 Laboratories measuring DOACs must have continued

surveillance of test performance over time to assure the

accuracy of reported results.

6 The use of screening tests and reported drug concentra-

tions must be used in conjunction with the patient’s

clinical history and the time of sample collection rela-

tive to patient’s last DOAC dose.
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