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New generation oral anticoagulants may cause unreliable 
results in routine coagulation testing

Direct oral anticoagulants (DOACs) are widely used in rou-
tine clinical practice for the treatment of various throm-

boembolic diseases, including the prevention and manage-
ment of venous thromboembolism and secondary prevention 
of stroke and systemic embolism in patients with non-valvular 
atrial fibrillation. Unlike vitamin K antagonists, DOACs have a 
rapid onset and provide more predictable pharmacokinetics 
and pharmacodynamics without requiring routine coagu-

lation monitoring of constant dose regimens [1]. Treatment 
with a DOAC has been reported to significantly reduce the 
risk of major bleeding. In addition, intracranial hemorrhage, 
fatal bleeding, and clinically relevant major hemorrhage have 
occurred significantly less in DOAC users [2]. Dabigatran is 
a new generation oral anticoagulant drug that is excreted 
through the kidneys. Prothrombin time (PT) and activated 
partial thromboplastin time (aPTT) have been recommended 
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to measure the effects of these drugs in the early stages [3]. At 
the time these tests were recommended for follow-up, there 
was not enough experience to know about possible sources 
of interference. Liquid chromatography (LC)-mass spectrom-
etry (MS) is widely applied to measure the quantity of drugs. 
This technique has better selectivity than activity-based coag-
ulation analysis [4, 5]. 
In clinical laboratories, when one method is replaced with an-
other, or evaluation of a new or alternative method is needed 
and there is the possibility of compliance problems between 
2 devices, the differences should be measured and assessed. 
Generally, to analyze the agreement between 2 quantitative 
measurements, the Bland-Altman (B&A) plot is used, and to 
solve data distribution problems and to detect a fixed or pro-
portional difference between 2 methods, Passing-Bablok re-
gression analysis is recommended [6]. In our laboratory, dur-
ing the transition period to replace the coagulation analyzer 
in use, incompatible results were encountered in comparison 
and reproducibility studies. Consultations with the request-
ing clinicians revealed that the use of a new generation oral 
anticoagulant, dabigatran, was a source of preanalytical error. 
Thus, the aim of this study is to raise awareness among lab-
oratory staff and physicians that PT-international normalized 
ratio (PT-INR) tests are not reliable in patients taking DOACs, 
and in particular, dabigatran therapy.

Materials and Methods

In a method comparison and reproducibility study con-
ducted at the Bakirkoy Doctor Sadi Konuk Training and Re-
search Hospital biochemistry laboratory between May 15, 
2017 and May 23, 2017, PT-INR tests were performed for 151 
plasma specimens. The specimens were collected in Vacuette 
3.2% sodium citrate tubes (Greiner Bio-One, Kremsmünster, 
Austria). Non-hemolyzed samples taken in sufficient quan-
tity from individuals without a bleeding diathesis, those who 
had a routine laboratory examination for a surgical proce-
dure, and follow-up patients using anticoagulants were 
included in the study. This research was approved by the 
Bakirkoy Dr Sadi Konuk Training and Research Hospital Clin-
ical Research Ethics Committee on December 17, 2018 (no: 
2018-447). 

Analysis was performed using 3 coagulation analyzers with 
different methodologies: (i) the Thrombolyzer XRM (Behnk 
Elektronik GmbH & Co. KG, Norderstedt, Germany), which 
uses the optomechanical method; (ii) the newly installed 
analyzer, the Diagon CoagXL (Diagon Ltd., Budapest, Hun-
gary), which uses the optical method; and (iii) as a reference 
method, the Stago STA Compact (Diagnostica Stago SAS., 
Asnières sur Seine Cedex, France), which uses the mechan-
ical method. The sampling conditions were standardized 
based on the Clinical and Laboratory Standards Institute 
H21-A5 publication “Collection, Transport, and Processing 
of Blood Specimens for Testing Plasma-Based Coagulation 
Assays and Molecular Hemostasis Assays, 5th Edition.” All of 
the results were examined using the intraclass correlation 
coefficient (ICC), Passing-Bablok regression analysis, and 
B&A analysis methods to assess the consistency of the mea-
surement techniques. Values that were unacceptably high 
for precision were observed in some of the plasma samples 
with a high INR value (>3). As a result of consultations with 
the clinics requesting the test, it was determined that 23 
patients were using the new generation oral anticoagulant 
dabigatran. Other patients included in the study were not 
using a DOAC.
In this study, statistical analysis was performed using NCSS 
2007 statistical software (NCSS, LLC, Kaysville, UT, USA). ICC 
was used to determine the consistency of Stago STA Compact, 
Diagon CoagXL and Thrombolyzer XRM measurements, and 
descriptive statistics (mean, SD) were also calculated. Linearity 
regression graphs and analysis were performed using Pass-
ing-Bablok regression, which is one of the Type II regression 
techniques. The Mann-Whitney U test was used to compare 
the differences in measurement. The results were evaluated 
as significant at p<0.05. Statistical analyses were performed 
using both the original results and after the exclusion of the 
23 inconsistent results.

Results

The initial PT-INR measurements of the 2 comparison methods 
examined were determined to be greater than 0.700, which 
is the reliability acceptance limit for the Stago STA Compact, 
the reference method for this study. The Stago STA Compact-

Table 1. Intraclass correlation coefficient (ICC) analysis of Thrombolyzer XRM, Diagon CoagXL CoagXL, and Stago STA Compact 
hematology analyzers

 ICC-1 n=151 95% CI ICC-2 n=128 95% CI

Stago STA Compact-Diagon CoagXL INR 0.875 (0.800-0.923) 0.980 (0.963-0.989)
Stago STA Compact-Thrombolyzer XRM INR 0.942 (0.899-0.966) 0.991 (0.981-0.996)
Stago STA Compact-Diagon CoagXL PT 0.873 (0.811-0.922) 0.975 (0.955-0.986)
Stago STA Compact-Thrombolyzer XRM PT 0.932 (0.883-0.961) 0.996 (0.993-0.998)

ICC-1: The results of all of the study patients were included; ICC-2: The results when 23 patients receiving dabigatran were excluded; ICC: Intraclass correlation coefficient;  
INR: international normalized ratio; PT: prothrombin time; Thrombolyzer XRM (Behnk Elektronik GmbH & Co. KG, Norderstedt, Germany), Diagon CoagXL (Diagon Ltd., Budapest, 
Hungary), Stago STA Compact (Diagnostica Stago SAS., Asnières sur Seine Cedex, France).
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Thrombolyzer PT-INR ICC was higher than that seen for Stago 
STA Compact-Diagon CoagXL, with a narrow 95% confidence 
interval (CI) (Table 1). The Stago STA Compact-Diagon CoagXL 

INR B&A results yielded a mean of -0.27 and a 95% CI of 0.95 
to -1.48.The Stago STA Compact-Thrombolyzer XRM INR B&A 
mean was 0.21 with a narrower 95% CI of 1.16 to -0.73. The 

Table 2. Comparison of 2 analyzers with reference method 

Bland-Altman Test Mean-1 n=151 95% CI Mean-2 n=128 95% CI

Stago STA Compact-Diagon CoagXL INR -1.3 2.4/-5.1 -0.27 0.95/-1.48
Stago STA Compact-Thrombolyzer XRM INR 0.60 2.7/-1.5 0.21 1.16/-0.73
Stago STA Compact-Diagon CoagXL PT -14.6 18.2/-47.5 -5.5 4.6/-15.7
Stago STA Compact-Thrombolyzer XRM PT 3.2 22.1/-15.7 -0.5 3.7/-4.7

Mean-1: The results of all of the study patients were included; Mean-2: The results when 23 patients receiving dabigatran were excluded; INR: International normalized ratio;  
PT: Prothrombin time; Thrombolyzer XRM (Behnk Elektronik GmbH & Co. KG, Norderstedt, Germany), Diagon CoagXL (Diagon Ltd., Budapest, Hungary), Stago STA Compact 
(Diagnostica Stago SAS., Asnières sur Seine Cedex, France).

Figure 1. Bland-Altman plots for INR comparison. Plot of differeces Stago STA Compact-Thrombolyzer XRM (a, b) and Stago STA Compact-
Diagon CoagXL (c,d) vs. the mean of the two measurements. Graphs a and c show the results of the whole group, while graphs b and d 
demonstrate the analysis when the 23 debigatran patients were excluded. INR: international normalized ratio. Thrombolyzer XRM (Behnk 
Elektronik GmbH & Co. KG, Norderstedt, Germany), Diagon CoagXL (Diagon Ltd., Budapest, Hungary), Stago STA Compact (Diagnostica Stago 
SAS., Asnières sur Seine Cedex, France).
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Stago STA Compact -Diagon CoagXL PT B&A had a mean of 
-5.5 and a 95% CI of 4.6 to -15.7, and the Stago STA Compact-
Thrombolyzer XRM PT B&A mean was -0.5 and the 95% CI 
was a narrower 3.7 to -4.7 (Table 2, Fig. 1). The Passing-Bablok 
regression analysis of all of the results revealed a significant 
deviation from linearity (p<0.01), but there was no significant 
deviation from linearity when the results of the patients us-
ing dabigatran were excluded (Fig. 2). Once the patients using 
dabigatran were excluded, the results reached more accept-
able limits.

Discussion

The aim of this study was to perform method comparison re-
search to evaluate the validity of a new analyzer in our labora-
tory against a reference technique during the exchange of the 
previous analyzer we use in routine coagulation analyses. In 

some patients, the PT-INR results in the comparison between 
devices were incompatible. We contacted the requesting clin-
ics and found that 23 of the patients used dabigatran. These 
patients had high INR values and were followed up in the emer-
gency medicine and gastroenterology clinic. We excluded 
these patients from the study and re-analyzed the results. The 
subsequent results were in a more acceptable range. Our goal 
was to raise awareness in both laboratories and clinics. Rou-
tine coagulation screening assays, including PT and activated 
partial thromboplastin time (aPTT), are widely performed on a 
routine and emergent basis in most clinical laboratories. These 
tests do not reliably reflect the effect of the DOAC anticoagu-
lant effect. The sensitivity of PT and aPTT varies considerably 
with the reagents used and the DOAC being measured [7].
The use of DOACs has increased significantly as a result of the 
effects demonstrated in many thromboembolic disorders, 
such as recurrent venous thromboembolism and prevention of 

Figure 2. The regression line for INR obtained in the comparison of the Thrombolyzer XRM and Diagon CoagXL hematology analyzers with 
the Stago STA Compact. The regression equation is expressed as: y=a (95% CI)+b (95% CI)x(Passing-Bablok regression). Graphs a and c show 
the results of the entire group, while the b and d graphs illustrate the analysis once the 23 patients receiving dabigatran were excluded.  
INR: international normalized ratio. Thrombolyzer XRM (Behnk Elektronik GmbH & Co. KG, Norderstedt, Germany), Diagon CoagXL (Diagon 
Ltd., Budapest, Hungary), Stago STA Compact (Diagnostica Stago SAS., Asnières sur Seine Cedex, France).
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stroke in patients with nonvalvular atrial fibrillation. These drugs 
are used in 1 or 2 doses per day with a fixed dose regimen. The 
dose to be used is determined by indications, age and/or crea-
tinine clearance, body weight, and other drug use conditions 
[8]. DOACs exhibit more predictable pharmacokinetic and phar-
macodynamic profiles than vitamin K antagonists (VKAs), and 
consequently, routine coagulation monitoring is not required 
[9]. The growth in the use of these drugs increases the need to 
know the effects on routine coagulation tests.
According to a systematic review performed by Bethany et 
al. [10], dabigatran can cause normal or prolonged values in 
routine coagulation tests like PT and aPTT. PT is used in the fol-
low-up of VKAs. Dabigatran prolongs PT but is not associated 
with concentration; normal PT values do not exclude clinically 
sufficient dabigatran levels. aPTT is used in the follow-up of 
unfractionated heparin. Dabigatran can lead to excessive aPTT 
prolongation at low concentrations. It is aPTT can be useful 
to evaluate relative concentration in emergency conditions; 
however, it will not reflect supratherapeutic levels [11].
In recent studies, it was determined that DOACs are more effec-
tive and safer than warfarin in terms of bleeding risk. Because 
the pharmacokinetics of patients with a normal glomerular 
filtration rate (GFR) are predictable, no laboratory examina-
tion is required to control the effective dose. This increases the 
quality of life of patients. However, considering the age of the 
target population, although the GFR may initially be normal, 
it may be abruptly reduced by acute dehydration or the use 
of nonsteroidal drugs or angiotensin-converting enzyme in-
hibitor use. A reduction in renal clearance may lead to a toxic 
level of the drug [12, 13]. Gastrointestinal bleeding occurred 
in 14 of our patients who were using dabigatran, which may 
have reached a toxic dose, depending on the GFR reduction 
and the effect of the drug. The other patients were taking a 
normal dose and were admitted to the emergency depart-
ment for other reasons.
The recommended screening assays for the anti-FIIa agent 
dabigatran are activated aPTT and/or thrombin time (TT), 
and the quantitative assays (using a dabigatran standard) 
are a diluted TT/direct thrombin inhibitor assay (e.g., Hemo-
clot thrombin inhibitor; Hyphen Biomed, Neuville-sur-Oise, 
France) or an ecarin-based assay, such as the ecarin clotting 
time [14]. The aPTT test has been reported to be more respon-
sive to dabigatran levels in the literature. It is noteworthy that 
when using the PT-INR in this study, there were unacceptable 
results in terms of compatibility and reproducibility between 
devices in PT testing. 

Conclusion

In some clinical situations, such as severe bleeding to critical 
organs (e.g., intracerebral hemorrhage), probable overdose 
intake, or emergency surgery, it is important for clinicians to 
assess the anticoagulant status of a patient under dabigatran 
therapy before deciding on future management strategies. Clin-

icians should communicate with laboratory specialists or pro-
vide information about the type of anticoagulant agent used.
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