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Abstract 

 

Background: 

 Issues with laboratory measurement of dabigatran include: 1. Do coagulation assays 

reflect dabigatran plasma concentrations? 2. Do samples from patients treated with 

dabigatran have the same coagulability as dabigatran-spiked samples from healthy 

volunteers? 3. What is the long-term stability of dabigatran after storage at -80°C? This 

study aims to evaluate these questions.. 

 

Materials and Methods: 

Ecarin chromogenic assay (ECA,) a laboratory-developed diluted thrombin time (LD-dTT),  

prothrombin time (PT) and activated partial thromboplastin time (APTT) and ROTEM® were 

used to measure dabigatran anticoagulant activity and liquid chromatography-tandem mass 

spectrometry (LC-MS/MS)  to measure dabigatran plasma   concentrations. ROTEM® 

(EXTEM, INTEM, FIBTEM) was performed in whole blood and the other assays in platelet 

poor plasma (PPP), both in  samples spiked with dabigatran (0, 25, 50, 100, 250, 500 and 

1000 ng/mL) from healthy donors and in ex vivo samples from patients treated with 

dabigatran etexilate. Citrated PPP samples were frozen and stored at -80°C,  1, 3, 6 and 12 

months until analysis. 

 

Results: 

EXTEM and FIBTEM clotting time (CT), ECA and LD-dTT correlate well with dabigatran 

plasma concentrations. With the exception of few ROTEM® parameters, there were no 

differences between spiked and patient samples. Samples were stable for at least 12 

months at -80°C.  
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Conclusions: 

EXTEM and FIBTEM CT, ECA and LD-dTT are suitable for measuring the effect of 

dabigatran in treated patients. In general, results from spiked plasma samples are similar to 

those of patient samples. Storage of dabigatran plasma samples for up to 12 months does 

not influence measured levels. 
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Abbreviations:  

APTT = activated partial thromboplastin time; APTT-Cepha = APTT using Cephascreen® 

(Diagnostica Stago) reagent;  APTT-PSL = APTT using Pathromtin®SL (Siemens 

Healthcare) reagent;  ANOVA = analysis of variance; CAT = calibrated automated 

thrombinography; CT = clotting time; DMSO = dimethyl sulfoxide; DTI = direct thrombin 

inhibitor;  ECA = ecarin chromogenic assay; ETP = endogenous thrombin potential;  

EXTEM= thromboelastometry testing the extrinsic haemostatic system; HCl = hydrochloric 

acid; INTEM= thromboelastometry testing the intrinsic haemostatic system; FIBTEM= 

thromboelastometry testing the fibrin part of clot formation; LC-MS/MS = liquid 

chromatography-tandem mass spectrometry; LD-dTT = a laboratory developed diluted 

thrombin time; MCF = maximum clot firmness; MRM = multiple reaction monitoring; NOAC 

= non-vitamin K antagonist oral anticoagulants; PT = prothrombin time; PT-INN = PT using 

Dade® Innovin® (Siemens Healthcare) reagent; PT-Owren = PT using Owrens (Medirox) 

reagent; ROTEM= rotational thromboelastometry; SE = standard error; SEE = standard 

error of the estimates; TF = tissue factor; TQD = tandem quadrupole; UPLC = ultra-
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performance liquid chromatography; VKA = vitamin K-antagonist.
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Introduction: 

Dabigatran etexilate, a direct thrombin inhibitor (DTI), is one of the non-vitamin K antagonist 

oral anticoagulants (NOACs), that currently is widely used in clinical practice for the 

prevention of thrombo-embolic complications of atrial fibrillation [1] and for the prevention 

and treatment of venous thrombo-embolism [2]. It is at least as effective as vitamin K-

antagonists (VKAs) in preventing thrombo-embolic complications and has a lower rate of 

intracranial and life-threatening haemorrhages [3,4]. Unlike for VKAs, routine coagulation 

tests are not recommended when using dabigatran and other NOACs, due to their stable 

and reproducible pharmacokinetics, allowing administration with fixed dosing [2,3]. 

However, the measurement of the anticoagulant effect of dabigatran may be necessary in 

specific clinical situations. These situations include: bleeding, before and after 

administration of the dabigatran-specific antidote idarucizumab (Praxbind®), evaluation of 

therapy failure in case of thrombosis such as in pulmonary embolism, renal failure, before 

emergency surgery, before potential thrombolysis in ischaemic stroke, at extremes of body 

weight and in case of suspected non-adherence. Currently, only case-reports, but no 

clinical studies regarding use of coagulation assays in these situations have been 

published. 

 

Dabigatran plasma concentrations correlate with clinical effect and safety outcomes [5]. 

Liquid chromatography-tandem mass spectrometry (LC-MS/MS) is regarded as the gold 

standard for measurement of dabigatran plasma concentrations [6], but this method has 

several drawbacks, including availability in only very few centers and not as an around-the-

clock or acute test, requirement of specific equipment and expertise, a high instrument cost 

and a need for time-consuming validation [7]. Use of LC-MS/MS for dabigatran 
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measurements in the specific clinical situations mentioned above is therefore currently not a 

realistic option.  

 

The anticoagulant effect of dabigatran can be detected by a variety of coagulation assays, 

including clot-based, chromogenic and global assays, but only limited data is available on 

the effect of dabigatran using these coagulation assays in clinical practice [6,8-12].  

 

Although many different assays for the measurement of the anticoagulant effect of 

dabigatran have been suggested, there are still several unsolved issues:   

 

1. In dabigatran-treated patients, the use of a comprehensive set of coagulation 

assays, including global coagulation assays, has not revealed which functional tests 

of the anticoagulant effect best correlates to the plasma concentration of dabigatran 

measured with LC-MS/MS [6,8-10,13].  

 

2. Most of the currently available data are derived from studies with spiked plasma 

samples [14-16], which does not necessarily reflect the in vivo effect in dabigatran -

treated patients. It is therefore uncertain if results from studies performed with spiked 

plasma samples are relevant in clinical practice.  

 

3. The long-term stability after storage at -80°C of plasma samples from patients 

treated with dabigatran etexilate is unknown. Long-term stability of the anticoagulant 

effect and plasma concentration of dabigatran is useful for quality control 

programmes and required in clinical studies for batch-analysis at the end of studies, 

to reduce analytical variation.  
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The aim of this study is: 

  

1. To evaluate the correlation between the dabigatran plasma concentration, measured 

using the gold standard (LC-MS/MS) [7] and the anticoagulant effect of dabigatran 

(using different coagulation assays) measured in blood/plasma.  

 

2. To evaluate if there is a difference between plasma samples spiked with dabigatran 

and ex vivo samples from patients with atrial fibrillation treated with dabigatran with 

regard to anticoagulant effect of dabigatran at similar plasma concentrations. 

 

3. To evaluate if citrated platelet poor plasma samples spiked with dabigatran and 

those from patients treated with dabigatran are stable after 12 months of storage at -

80°C. 

 

 

Materials and methods: 

 

DABIGATRAN-SPIKED SAMPLES 

 

Ten healthy volunteers (age 18 to 65 years; 5 males, 5 females) were included in the study. 

All had blood type A Rhesus positive. We chose individuals with the same blood type in 

order to avoid agglutination reactions when pooling whole blood from different donors. 

Exclusion criteria were use of any medication, including aspirin, smoking, use of more than 
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one unit of alcohol daily or pregnancy. All volunteers had normal kidney function, platelet 

count, haemoglobin levels, prothrombin time (PT) and activated partial thrombolastin time 

(APTT). 

 

For all phlebotomies in the study, pre-analytical recommendations by Loeffen et al. were 

followed [17]. Using a 21G x 1½ inch conventional straight needle, blood (40.5 mL) was 

collected in fifteen 2.7 mL 3.2% (0.109M) sodium citrate BD Vacutainer® plastic tubes for 

each volunteer, employing minimal stasis (20-40 mmHg). A full discard tube (2.7 mL) was 

drawn first.  

 

The active form of dabigatran, BIBR 953 ZW, was dissolved in pure dimethyl sulfoxide 

(DMSO) and 822μL hydrochloric acid (HCl) 37% (1mol/L), using ultrasonification, to provide 

a concentration of 1 mg/mL dabigatran. This stock solution was diluted further with 

deionised water to obtain the desired dabigatran concentrations. HCl/DMSO concentration 

in the plasma samples was < 0.1%. 

 

Part of the blood (21 out of 450 mL) was spiked with seven concentrations of dabigatran ( 

final concentrations: 0, 25, 50, 100, 250, 500 and 1000 ng/mL). These samples were kept 

at room temperature and analysed using ROTEM® within two hours after blood collection.  

 

The rest of the blood was centrifuged, first at 2200 g for 10 minutes, at room temperature, 

followed by centrifugation of the plasma at 10000 g for 10 minutes with a weak brake (level 

3), to generate platelet poor plasma. Plasma was spiked at seven concentrations of 

dabigatran (0, 25, 50, 100, 250, 500 and 1000 ng/mL), performed as previously published 
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by Douxfils et al [18]. Coagulation assays were performed immediately and the remaining 

plasma was frozen and stored at -80°C, in separate aliquots for one measurement. 

 

PATIENTS TREATED WITH DABIGATRAN ETEXILATE FOR ATRIAL FIBRILLATION 

 

A total of 40 patients were screened for inclusion in the study at clinical wards and the 

cardiology outpatient clinic at our hospital. They were selected according to their clinical 

characteristics and expected dabigatran plasma concentration for measurement of 

Hemoclot® diluted thrombin time (dTT) in order to find those with similar dabigatran plasma 

concentrations as the spiked samples. In order to find patients with high dabigatran plasma 

concentrations, we were contacted by laboratory technicians when a Hemoclot® dTT was 

ordered by a clinician. Fifteen patients with atrial fibrillation (age 50-85; 8 males, 7 females) 

treated with dabigatran etexilate for at least 3 months were included in the study. Eight of 

the patients were treated with standard dose dabigatran of 150mg BID and 7 patients with 

the reduced dose of 110mg BID. All patients receiving the reduced dose were older than 80 

years of age. One of these patients had a reduced creatinine clearance (Cockroft-Gault) of 

45 ml/min; all other patients had normal kidney function. Platelet count and haemoglobin 

levels were within the 99th percentile for all patients. Patients with concomitant use of 

antiplatelet agents were excluded.  

 

From these fifteen patients (dabigatran plasma concentration: 0- 833 ng/mL), citrated blood 

was collected once in each patient at different timepoints after dabigatran intake. One of the 

tubes was used for whole blood analysis of ROTEM®. Double centrifugation was performed 

on the remaining blood and coagulation analyses performed immediately afterwards. The 
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remaining plasma was frozen and stored at -80°C, in separate aliquots for one 

measurement.  

 

PLASMA CONCENTRATIONS OF DABIGATRAN 

 

Ultra-performance LC-MS/MS analysis of the samples was performed using an Acquity 

Ultra Performance Liquid Chromatography (UPLC) system and tandem quadrupole (TQD) 

detector (Waters, Milford, MA, USA). In short, an Acquity UPLC BEH C8 column, 100 × 2.1 

mm, 1.7 μm (Waters, Milford, MA, USA) was used at 30 °C, with a flow rate of 300 μL/min, 

using 2.5 mM ammonium formate at pH 3.0 and acetonitrile in a 4.75 min gradient run. 

Mass analysis was performed by a two-step Multiple Reaction Monitoring (MRM) method 

[13]. 

 

 COAGULATION ASSAYS METHODS  

 

The assays used were PT (Dade® Innovin® (PT-INN),( Siemens Healthcare, Marburg, 

Germany [reference interval: 9.9-11.8 s]) and Owrens PT (PT-Owren), (Medirox, Nykӧping, 

Sweden)), activated partial thromboplastin time (APTT) ((Cephascreen® (APTT-Cepha), 

(Diagnostica Stago, Asnières sur Seine, France [ref interval: 23.6-34.8]) and Pathromtin®SL 

(APTT-PSL), (Siemens Healthcare, Marburg, Germany, [reference interval: 26.4-37.5]), a 

laboratory developed dTT (LD-dTT) [13] (STA® Thrombin, Diagnostica Stago, Asnières sur 

Seine, France), ecarin chromogenic assay (ECA) (STA® ECA II, Diagnostica Stago, 

Asnières sur Seine, France), thromboelastometry by ROTEM® ( INTEM, EXTEM, FIBTEM), 

Tem International GmbH, Münich, Germany ) and calibrated automated thrombinography 
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(CAT) (PPP reagent (5 pM tissue factor (TF)) and PPP HIGH reagent (20 pM TF), 

Thrombinoscope® BV, Maastricht, the Netherlands).  

 

ECA, LD-dTT, and APTT-Cepha were performed on a STA-R evolution® analyser (Stago). 

PT-Owren, PT-INN and APTT-PSL assays were executed on a Sysmex® CS-2100i System 

analyser (Siemens Healthcare). A ROTEM® delta analyser (ROTEM®) was used for the 

ROTEM® measurements. CAT was performed on a Fluoroskan Ascent™ microplate 

fluorometer (Thermo Fisher scientific) and results analysed using Thrombinoscope® BV 

software. The calibrator wells containing the sample of 0 ng/mL dabigatran were used to 

calibrate all samples. CAT was performed on spiked but not on patient samples because of 

a known inhibition of the thrombin calibrator by dabigatran, giving either an error or false 

results in these samples [19]. 

 

 

ETHICS 

 

The study follows the principles outlined in the Declaration of Helsinki.   The study was 

approved by the Research Ethics Committee for the Region of Mid-Jutland (case number 1-

10-72-52-15) and the Danish Data Protection Agency (case number 1-16-02-191-14). All 

healthy volunteers and patients included in the study provided oral and written informed 

consent before inclusion.  The trail was registered at ClinicalTrials.gov (Identifier: NCT 

03280368). 

 

 

STATISTICAL ANALYSIS 
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Statistical analyses were performed using Stata version 14 statistical software. SigmaPlot 

13.0 software was used for the graphical work.  

The relationship between the plasma concentration of dabigatran measured by LC-MS/MS 

and the anticoagulant effect of dabigatran was assessed with linear regression. The 

difference between the regression lines for results from dabigatran-spiked plasma and 

samples from patients treated with dabigatran etexilate was tested using a model allowing 

for different slopes. The difference between spiked and patient samples is also presented 

and analysed as Bland-Altman plots with 95% limits of agreement. The maximum 

acceptable difference (MAD) is dependent on dabigatran concentration and the possible 

clinical consequences of the result [20]. At high concentrations a larger difference can be 

accepted [20]. The MAD was defined as 20 ng/ml for ECA and LD-dTT.  For the other 

assays, a difference in result corresponding to a 20 ng/mL change in dabigatran plasma 

concentration within the on-therapy range was used. This corresponded to a MAD of 2s for 

PT, 8s for APTT, 20s for CT and 5mm for MCF.  At high concentrations a larger difference 

can be accepted [20].  

Stability data were assessed by repeated measurements one-way analysis of variance 

(ANOVA) and presented as Wilks Lambda p-values. P < 0.05 was considered statistically 

significant. 

 

 

Results: 

Repeatability for clot-based assays and INTEM and EXTEM CT are presented in 

Supplemental Table 1 and within-run and between-run imprecision for CAT is presented in 
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Supplemental Table 2.1. CORRELATION BETWEEN PLASMA CONCENTRATION AND 

THE ANTICOAGULANT EFFECT OF DABIGATRAN 

 

The anticoagulant effect of dabigatran measured with PT, APTT, ECA and dTT assays 

show a good and statistically significant correlation (R2 ≥ 0.70) with the dabigatran plasma 

concentration determined using LC-MS/MS in both spiked and patient samples (Table 1). 

For all assays spiked plasma samples have equal or higher R2 - values than patient 

samples. When using ROTEM, the clotting time (CT) of INTEM, EXTEM and FIBTEM show 

a very good (R2 ≥ 0.90) correlation, both in spiked and patient samples (Table 1). On the 

other hand, correlation was poor when using when using INTEM maximum clot firmness 

(MCF) and not statistically significant when using EXTEM and FIBTEM MCF in patient 

samples, while in spiked whole blood there also was a good correlation with dabigatran 

plasma concentrations for these parameters (Table 1). Scatterplots and regression lines 

showing the relationship between dabigatran plasma concentrations measured by LC-

MS/MS and results of coagulation assays in spiked and patient samples are shown in 

Figure 1 for ECA, LD-dTT, EXTEM CT and EXTEM MCF.  

 

In dabigatran-spiked plasma, the CAT parameters lagtime and time to peak increased with 

increasing dabigatran plasma concentrations. An unexpected increase in endogenous 

thrombin potential (ETP) and peak thrombin was seen at a concentration of 89 ng/mL 

(Supplemental Figure 1). The increase in ETP is only seen in measurements on fresh 

samples and is no longer present after 6 months of storage at -80°C (Supplemental Figure 

2). In spiked plasma samples, time to peak and lagtime had good correlations with 

dabigatran plasma concentrations (data not shown). The same is true for ETP when the 
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increased value at a concentration of 89 ng/mL is excluded from the regression analysis 

(Table 1). 

 

 

2. DIFFERENCE BETWEEN PLASMA SAMPLES SPIKED WITH DABIGATRAN AND EX 

VIVO SAMPLES FROM PATIENTS  

 

Bland-Altman plots evaluating the difference between spiked and patient samples at similar 

dabigatran plasma concentrations, showed no difference for any of the coagulation assays, 

with only one or two comparisons outside MAD limits and only at high dabigatran 

concentrations where a larger absolute difference can be accepted [21]. Bland-Altman plots 

comparing spiked and patient samples at similar dabigatran concentrations are shown in 

Figure 2 for a selection of coagulation assays used.  

There was no significant difference between regression lines of spiked and patient samples 

for ROTEM parameters, except with regard to INTEM, EXTEM and FIBTEM MCF (Table 1). 

No significant difference was found between spiked and patient samples for PT, APTT, 

ECA and LD-dTT (Table 1).  

 

 

 

3. STABILITY AFTER 12 MONTHS OF STORAGE AT -80°C 

 

Dabigatran-spiked plasma samples (n= 7, dabigatran concentrations 0-1000 ng/mL) (Figure 

3) and samples of patients treated with dabigatran etexilate (n=15, dabigatran 

concentrations 0-833 ng/mL) (Figure 4) were stable for at least 12 months after storage at -
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80°C. Assays used were LC-MS/MS, PT-INN, PT-Owren, APTT-Cepha, APTT-PSL, ECA 

and LD-dTT. One-way repeated measurements ANOVA showed no statistically significant 

change over time (all p-values non-significant).  

 

 

Discussion: 

A comprehensive set of assays, carefully selected after a systematic literature review 

(manuscript in preparation), was used to investigate the relationship between dabigatran 

plasma concentrations measured by LC-MS/MS and dabigatran anticoagulant effect in the 

blood. The main findings of this study are that EXTEM and FIBTEM CT, ECA and LD-dTT 

provide the best correlation to dabigatran plasma concentrations both in dabigatran-spiked 

samples and in samples from dabigatran-treated patients. Previous studies have also 

shown very good correlation of whole blood thromboelastography (TEG R) in spiked 

plasma samples [22] and of EXTEM and FIBTEM CT in samples of dabigatran-treated atrial 

fibrillation patients [23]. For INTEM CT and low TF, the correlation was weaker (r=0.72 and 

r=0.36, p<0.01) [23]As ROTEM can provide results within 15-20 minutes, it may be 

considered in acute situations where treatment is dependent on the level of dabigatran, for 

example when evaluating if a stroke patient treated with dabigatran etexilate is a candidate 

for thrombolysis. In comparison, results of ECA and dTTs are can be available within an 

hour and could cause delay in initiation of life-saving treatment such as an acute operation 

or intervention or administration of the specific antidote for dabigatran, idarucizumab. In 

acute life-threatening situations, it is not recommended to wait for the result of the 

coagulation assay measuring dabigatran, the specific antidote for dabigatran, idarucizumab, 

should be given immediately [24]. Global coagulation assays such as ROTEM and CAT, 

which measure the complete hemostatic potential of whole blood or plasma sample, are 
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also the only suitable assays for measuring reversal of anticoagulation by non-specific 

prohemostatic agents, such as prothrombin complex concentrate (PCC) [25].   

 

Our study is the first to make a comparison, at similar dabigatran concentrations, between 

plasma samples spiked with dabigatran and samples from patients treated with dabigatran 

etexilate. In general, results of coagulation assays of dabigatran-spiked samples were 

similar to those of samples of atrial fibrillation patients treated with dabigatran etexilate. This 

means that it is likely that results from most studies performed using plasma samples 

spiked with dabigatran will also be valid in dabigatran-treated patients.  

 

Furthermore, we demonstrated that samples of patients treated with dabigatran can be 

stored at -80ºC for at least 12 months without changes in the dabigatran plasma 

concentrations or coagulation assay results. Previous studies have shown adequate 

stability of samples of patients treated with dabigatran for up to 72 days [13], but 

information on stability over a longer period of time has not been available until now. These 

results mean that patient samples can be stored for analysis at a later point in time, which is 

can be useful for quality control programmes. It also means that batch-analysis in clinical 

studies is possible, which is desired to reduce analytical variation.  

 

For CAT, time-dependent parameters increased with increasing dabigatran concentrations 

of dabigatran as expected. Endogenous thrombin potential (ETP) and peak thrombin 

decreased with increasing plasma concentrations, but an unexpected increase was seen at 

a plasma concentration of 89 ng/mL (Appendix A).This peak in ETP is within the with the 

on-therapy range (28-155 ng/mL for the 110mg BID dose and 40-215 ng/mL for the 150mg 

BID dose) and almost identical to the median trough dabigatran concentration of 88 ng/mL 
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in the patients in the RE-LY study [26]. This peak at low concentrations has previously been 

described in other studies with DTIs [19,27,28]. After storage at -80ºC for at least 6 months, 

the enhanced thrombin generation at low dabigatran concentrations is no longer seen, 

suggesting that the protein responsible for this interaction with dabigatran is sensitive to 

freezing. Studies in patients treated with dabigatran etexilate are needed to investigate if 

this paradoxical increase is an artefact (incorrect CAT algorithm when measuring DTIs 

[19,25]) or if some dabigatran-treated patients in fact have an increased thrombosis risk at 

certain plasma concentrations. Possible mechanisms for dabigatran-induced 

hypercoagulability include suppression of thrombin-induced and thrombomodulin-mediated 

activation of protein C [25] and reversible inhibition of thrombin-activatable fibrinolysis 

inhibitor (TAFI). TAFI would be protected from spontaneous decay when bound to 

dabigatran and inhibit fibrinolysis for a longer period of time [29]. 

 

Strengths of this study include the comprehensive set of carefully selected assays suitable 

for the measurement of dabigatran in a clinical setting. Even though previous studies 

measuring coagulation assays and/or dabigatran concentrations have been performed in 

atrial fibrillation patients [9-12], these studies did not include and compare such a 

comprehensive set of assays as in our study, including ROTEM, measured in whole blood, 

and CAT. In contrast to Skeppholm et al.[30], we used APTT reagents which were sensitive 

to dabigatran and which therefore had good correlation to dabigatran plasma 

concentrations, also at dabigatran concentrations above 200 ng/mL. The APTT, when using 

a dabigatran-sensitive reagent such as Cephascreen® (Diagnostica Stago), might therefore 

be of more value than previously suggested [30]. However, validation in clinical settings is 

needed.  Only assays which fulfilled the validation criteria described by the Clinical and 

Laboratory Institute guidelines [31] in our laboratory were included in this study. The 
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Hemoclot® dTT assay was not included in the study because of high coefficient of variation 

during the validation period due to reagent instability [32]. This finding has also previously 

been reported by other research groups [10,13,33]. Although after changed logistics by the 

supplier, reagent instability no longer was an issue at our laboratory, other laboratories 

using the Hemoclot® dTT assay should consider evaluating reagent stability for themselves, 

as stability can be influenced by storage and transport conditions of the reagents [34]. 

Meanwhile, further chromogenic methods, specific for dabigatran have become available 

for routine coagulation analysers. An additional strength is that very high dabigatran plasma 

concentrations were included, which is relevant in case of dabigatran intoxication. We are 

the first to report the stability of samples of patients treated with dabigatran etexilate after 

storage at -80ºC for at least one year, which is essential in order to be able to perform 

batch analysis in clinical studies.  

 

A limitation, due to logistic reasons especially for the spiked plasma samples, is the limited 

number of patients included the study. Furthermore, for measurement of CAT in samples of 

dabigatran-treated patients, an adapted calibration method is currently under development 

(Thrombinoscope BV, Maastricht) and an alternative calibration method based on the 

measurement of the fluorescence signal of the reaction product (7-amino-4-

methylcoumarin) has been suggested by another research group [27].  

 

Even though plasma concentration measurement of dabigatran by LC-MS/MS is considered 

the gold standard, the relationship between the plasma concentration of dabigatran and the 

clinical risks of bleeding and thrombosis needs further investigation. It has been reported 

that dabigatran plasma concentrations measured using LC-MS/MS do not fully reflect 

clinical bleeding- and thrombosis risks and that similar plasma concentration may induce a 
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variable degree of anticoagulation [5,35]. In the RE-LY trial, Reilly et al. observed an 

increased risk of serious bleeding with increasing dabigatran plasma concentrations 

measured with LC-MS/MS. However, in this study measurements were not performed at 

the time of the actual event [5]. In order to establish a better understanding of the 

relationship between the measured anticoagulant effect of dabigatran and clinical outcomes 

of thrombosis and bleeding, additional clinical studies are needed.  

 

Conclusions: 

 

EXTEM and FIBTEM CT, ECA and LD-dTT have a very good correlation with dabigatran 

plasma concentrations in treated patients.  

Results of coagulation assays measured on whole blood and plasma spiked with 

dabigatran are similar to those of samples from patients treated with dabigatran etexilate.  

Storage at -80°C of dabigatran-spiked plasma samples and samples of dabigatran-treated 

patients for up to 12 months does not influence the measured levels, indicating that patient 

samples can be analysed after long-term storage and batch analysis in clinical studies with 

dabigatran is possible. 
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Assay 

Patient samples Spiked samples Difference 
patient/ 
spiked 

samples 

 p-value 

R
2 
(SEE) ß0 (SE) 

intercept 

ß1 (SE) 

slope 

p-value R
2 
(SEE) ß0 (SE) 

intercept 

ß1 (SE) 

slope 

p-value 

PT-INN (s) 0.77 (0.75) 10.4 (0.31) 

  

 

0.01 (0.002) <0.0001 0.91 (6.15)  6.24 (2.98) 0.05 (0.006) 0.0008 0.87 

PT-Owren (s) 0.70 (2.05) 23.4 (0.87) 0.03 (0.006) 0.0002 0.94 (6.30)  20.1 (3.05) 0.06 (0.007) 0.0003 0.96 

APTT-Cepha (s) 0.90 (4.13) 32.3 (1.76) 0.13 (0.01) <0.0001 0.96 (5.96) 38.0 (2.89) 0.07 (0.001) 0.0001 0.47 

APTT-PSL (s) 0.74 (7.58) 34.9 (3.23) 0.14 (0.02) <0.0001 1.00 (2.72) 32.9 (1.32) 0.10 (0.003) <0.0001 0.06 

ECA (ng/mL) 0.98 (27.63) 13.6 (9.04) 1.04 (0.04) <0.0001 1.00 (16.73) 0.34 (8.10) 1.18 (0.02) <0.0001 0.28 

LD-dTT (ng/mL) 0.98 (25.24) 16.5 (8.25) 0.80 (0.03) <0.0001 0.98 (55.60)  31.2 (26.9) 0.83 (0.06) <0.0001 0.19 

ROTEM 

INTEM CT (s) 0.92 (37.2) 193.3 (18.02) 0.46 (0.04) 0.003 0.98 (29.10) 164.4 (9.49) 0.61 (0.04) <0.0001 0.82 

EXTEM CT (s) 0.95 (32.7) 25.8 (10.70) 0.69 (0.04) <0.0001 0.97 (50.25) 40.6 (24.33) 0.63 (0.05) <0.0001 0.36 

FIBTEM CT (s) 0.98 (14.9) 42.4 (4.86) 0.45 (0.02) <0.0001 0.95 (49.88) 47.1 (24.15) 0.52 (0.05) 0.002 0.20 

INTEM MCF  (mm) 

 

0.32 (4.11)  69.4 (1.34) -0.01 (0.005) 0.03 0.75 (5.49)  64.4 (2.66) -0.02 (0.006) 0.01 0.005 

EXTEM MCF (mm) 0.01 (2.43)  69.3 (1.18) 0.001 (0.003) 0.84 0.75 (5.49) 64.4 (2.66) -0.02 (0.006) 0.01  0.005 

FIBTEM MCF (mm) 0.13 (3.74) 19.8 (1.22) 0.01 (1.37) 0.19 0.79 (1.27)  14.4 (0.61) -0.01 (0.001) 0.008  0.0001 

Thrombin Generation 

ETP PPP  

(nM.min) 

- 0.74 (286.8) 

 

 

 

(*0.97) 

1510 (158.9) -2.76 (0.82) 0.03 - 

(*0.97 (90.9)) (* 1381 (54.6)) (* -2.55 (0.26)) (*0.002) 

ETP PPP High      

(nM.min) 

- 0.63 (358.7) 

(*0.98) 

1592 (198.7) 

 

 -2.70 (1.03) 0.06 - 

(*0.98 (61.2)) (* 1426 (36.8)) (* -2.43 (0.18)) (* 0.0008) 

  * Exclusion of sample with dabigatran concentration 89 ng/mL 

 
 

 
 

Table 1.  Regression analysis for the relationship between dabigatran plasma 

concentrations measured with LC-MS/MS and the results of coagulation assays. With 

the exception of INTEM, EXTEM and FIBTEM MCF, there was no significant difference 

between the regression lines of spiked and patient samples, using a model that allows for 

different slopes. Abbreviations: APTT-Cepha, activated partial thromboplastin time using 

Cephascreen (Diagnostica Stago) reagent; APTT-PSL, APTT using Pathromtin SL  

(Siemens) reagent;   CT, clotting time;  ECA, ecarin chromogenic assay; ETP, endogenous 

thrombin potential;  LD-dTT, a laboratory-developed diluted thrombin time; MCF,  maximum 
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clot firmness; PT-INN, prothrombin time using Dade Innovin (Siemens) reagent;  PT- Owren, 

PT using Owrens (Medirox) reagent; SE, standard error; SEE, standard error of the estimate. 

 
 
 
Figure 1. Regression analysis for the relationship between dabigatran plasma 

concentrations and the results of selected coagulation assays. EXTEM clotting time 

(CT), ecarin chromogenic assay (ECA) and a laboratory-developed diluted thrombin time 

(LD-dTT) have very good correlation with dabigatran plasma concentrations. With the 

exception INTEM CT of maximum clot firmness (MCF), there were no significant differences 

in results between spiked and patient samples (p-value shown in bottom right corner of 

each graph). Abbreviations: CT, clotting time; ECA, ecarin chromogenic assay; LC-MS/MS, 
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liquid chromatography-tandem mass spectrometry; LD-dTT, a laboratory-developed diluted 

thrombin time; MCF, maximum clot firmness.  
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Figure 2. Bland-Altman plots for the difference between spiked and patient samples. 

No systematic difference was seen in results of coagulation assays measured in samples 

spiked with dabigatran and in samples from dabigatran-treated patients at similar 

dabigatran plasma concentrations, with only one or two comparisons outside the maximum 

acceptable difference limits (red dashed lines) at high dabigatran concentrations, where a 

larger absolute difference can be accepted. Abbreviations: APTT-Cepha, activated partial 

thromboplastin time using Cephascreen (Diagnostica Stago) reagent; CT, clotting time;  

ECA, ecarin chromogenic assay; LD-dTT, a laboratory-developed diluted thrombin time; 

MCF,  maximum clot firmness; PT-INN, prothrombin time using Dade Innovin (Siemens) 

reagent. 

 
 
 
 
  
Figure 3. Stability spiked samples. Dabigatran-spiked plasma samples are stable for 12 

months at least after storage at -80°C.  
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Figure 4. Stability patient samples. Samples of patients treated with dabigatran etexilate 

are stable for 12 months at least after storage at -80°C.   
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Highlights 
 

 ROTEM® clotting times correlated well with dabigatran plasma concentrations.  

 Ecarin chromogenic assay and diluted thrombin time correlated with concentrations.  

 Coagulability similar in dabigatran-spiked samples and those from treated patients. 

 Storage for one year at -80°C changed neither dabigatran levels nor coagulability.  
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