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and aPCC in a dose-dependent manner; however, complete 
reversal was not achieved. Positive correlation between 
anti-factor Xa activity and PT was shown in the clinical 
samples at the edoxaban range from 0 to >300 ng/mL.
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Introduction

The direct oral anticoagulants (DOACs) have become 
popular in the prophylaxis and treatment of venous and 
arterial thromboembolism. They are usually administered 
without any monitoring and have proved to be effective 
and safe [1, 2]. However, accumulating evidence suggests 
that dose adjustment based on laboratory testing would be 
helpful in guiding clinicians in the prevention of severe 
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hemorrhage and thrombotic events, especially in patients 
who are elderly, have low body weight, and in those with 
chronic renal insufficiency [3]. In those conditions, the 
plasma concentration of DOACs can be measured by high-
performance liquid chromatography [4]; however, it is 
expensive and time-consuming. Hence, measurement of 
anticoagulant activity by clotting tests is warranted, and for 
certain DOACs such as rivaroxaban and apixaban, this may 
be achieved by the measurement of anti-factor Xa activity 
or prothrombin time (PT) test [5]. Theoretically, the direct 
measurement of anti-factor Xa activity is superior to PT [6, 
7], but it cannot be done in every local laboratory at any 
time. Thus, the PT test is preferable if it is permissibly 
accurate for the practical use.

Edoxaban is a newly developed direct anti-factor Xa 
inhibitor widely used for venous thromboembolism preven-
tion following total knee and hip arthroplasty, stroke pre-
vention in non-valvular atrial fibrillation, and treatment and 
recurrence prevention of venous thromboembolism (VTE) 
[deep vein thrombosis (DVT) and pulmonary thromboem-
bolism (PE)] in Japan. Its efficacy and safety have already 
been proved in large-scale randomized controlled trials 
[8, 9], and the incidence of serious bleeding is reported 
to be 2.75 %/year when administered at 60 mg/day [8]. It 
has been also reported that proper dosing decreases fatal 
events [10]. Similar to the other DOACs, edoxaban is read-
ily absorbed from the intestines, and its activity peaks at 
1–3 h [11]. Since little information regarding the monitor-
ing of edoxaban is available, the primary objective of this 
study was to examine whether its anticoagulant activity can 
be properly evaluated by PT test. In addition, since the suit-
ability of the PT test is different depending on each DOAC, 
the second aim was to find the most suitable PT test for 
edoxaban. Furthermore, we also examined whether the PT 
tests can monitor the effects of reversal agents. Bleeding 
tends to become more serious with the use of DOACs, and 
a reversal agent should be applied properly when patients 
require urgent hemostasis [12]. Thus, a further purpose 
of this study was to examine whether PT tests reflect the 
reversal effects of the 4-factor prothrombin complex con-
centrates (PCC) [13] and activated prothrombin complex 
concentrates (aPCC) [14].

Materials and methods

Spike test

Pooled citrated normal human plasma was spiked with 
edoxaban at increasing concentrations to assess its impact 
in three kinds of PT tests. Edoxaban was kindly donated 
by Daiichi Sankyo Co., Ltd. (Tokyo, Japan). Working 
solutions of 0, 50, 100, 300 and 500 ng/mL of edoxaban 

were obtained from the stock solution at a dose of 1.0 mg/
DMSO 1.0 mL by mixing with pooled citrated normal 
human platelet-poor plasma.

PT test

PT was measured by the following method: 50 μL of 
plasma samples were incubated at 37 °C up to 60 s and 
mixed with 100 μL of calcium and thromboplastin. The 
different thromboplastin reagents used were Triniclot® PT 
Excel S (trade name in Japan: Shinplastin® Excel S, Kyowa 
Medex, Tokyo, Japan), Thromborel® S (Dade Behring, 
Newark, USA.) and Neoplastin® R (Diagnostica Stago, 
Asnieres, France). Clotting time was measured on Coapre-
sta® 2000 (Sekisui Medical, Tokyo, Japan) for all PT kits.

Reversal effect of PCC and a PCC

After edoxaban was incubated at final concentrations of 0, 
100, 300 or 500, 700 and 1000 ng/mL with the pooled plasma 
for 15 min, either PCC (PPSB-HT®, Nihon Pharmaceutical 
Co. Ltd, Tokyo, Japan) or aPCC (FEIBA®, Baxter, Vienna, 
Austria) was added at concentrations of 0, 0.5, 1.0, 1.5 or 
3.0 U/mL, and these aliquots were incubated at 37 °C. After 
15 min of incubation, PT was measured by three PT tests.

Clinical sample collection

A total of 144 samples were collected from the patients 
who had been undergone total knee arthroplasty in Jun-
tendo Hospital. All the patients were treated with intermit-
tent pneumatic compression for DVT prophylaxis begin-
ning immediately after the operation. The patients received 
either 15 or 30 mg of edoxaban (71 cases received 15 mg 
and 73 cases received 30 mg) once daily for 14 days begin-
ning 24 h after the end of lumbar anesthesia. The blood 
samples were drawn at various timing after edoxaban 
intake. Patients with severe renal dysfunction (Ccr <30 mL/
min) or bleeding tendency were excluded. The protocol 
was approved by the Human Ethics Review Committee of 
the Juntendo University (#26-311) and a signed consent 
form was obtained from each patient.

Chromogenic anti‑factor Xa assay

The plasma levels of edoxaban in the clinical samples 
were calculated from its anti-factor Xa activity by chro-
mogenic assay. The chromogenic anti-factor Xa assay 
is based on the inhibitory action of edoxaban on factor 
Xa, which specifically cleaves para-nitroaniline (p-NA) 
linked to a chromogenic peptide. Increasing edoxaban 
concentrations inhibit the activity of factor Xa on the 
chromogenic peptide, thereby increasing the release of 
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p-NA. The above anti-Xa activity assay was performed 
using STA-Liquid Anti-Xa (Roche Diagnostics, Japan), 
S-2222 (Sekisui Medical, Tokyo, Japan) and Coapresta 
2000 (CP2000, Sekisui Medical) and the concentration of 
edoxaban is plotted against the optical density (OD) of 
released p-NA [15]. A standard curve was made for the 
lyophilized normal plasma using spiked concentrations 
of edoxaban.

Statistical analysis

Statistical analysis was performed using the STAT-
VIEW® program (Abacus Concepts, Berkeley, CA, 
USA). Pearson product-moment correlation coeffi-
cient was used to correlate the distribution of PT values 
between the PT reagents. Overall statistical significance 
among serial measurements was analyzed by repeated 
measures ANOVA, followed by an individual comparison 
by paired t test as appropriate. P < 0.05 was considered 
statistically significant.

Results

Spike test

The spike test was repeated three times and the similar 
results were obtained. The summarized result of three inde-
pendent experiments is depicted in Fig. 1. A concentration-
dependent prolongation of PT was found at edoxaban con-
centrations from 0 to 500 ng/mL. The relationship between 
PT and edoxaban concentration was almost linear for each 
PT test at the range of 14.0–35.1 s, r = 0.99 (Triniclot® 
PT Excel S); 11.7–20.0 s, r = 0.99 (Thromborel® S); and 
13.5–29.4 s, r = 0.99 (Neoplastin® R). The slopes of cor-
relations between concentrations of edoxaban and PT were 
greatest in Triniclot® PT Excel S followed by Neoplastin® 
R and Thromborel® S (Table 1). PT ratios at a therapeu-
tic plasma edoxaban concentration of 300 ng/mL were 
1.9 ± 0.0 (Triniclot® PT Excel S), 1.2 ± 0.0 (Thromborel® 
S) and 1.4 ± 0.0 (Neoplastin® R), indicating that the mag-
nitude of responses to edoxaban was greatest with Trini-
clot® PT Excel S (P < 0.01).

Reversal effect by PCC

The reversal effect of PCC was examined three times for 
each PT test and the representative result was shown in 
Fig. 2. Significant prolongation of PT was observed in the 
samples pre-incubated with edoxaban from 0 to 1000 ng/
mL without PCC. When PCC 0.5 U/mL was added to the 
1000 ng/mL of edoxaban-spiked samples, PT decreased 
most prominently with Triniclot® PT Excel S, and PT 

reduced to approximately 75 % of that of the original level 
(0 U/mL). In cases of Thromborel® S and Neoplastin® 
R, PT decreased in a dose-dependent manner, while the 
decrease of PT reached plateau when PCC dose was 1.5 U/
mL or more in Triniclot® PT Excel S. When edoxaban dose 
was 300 ng/mL, PT decreased to within the reference value 
in Thromborel® S (9.8–12.1 s) and Neoplastin® R (13.0–
17.0 s) by the administration of 1.5 U/mL of PCC, while 
PT sustained above the reference value in Triniclot® PT 
Excel S (12.7–15.2 s).

Reversal effect by aPCC

The examination for the reversal effect of aPCC was also 
repeated three times for each PT test and the representa-
tive result was shown in Fig. 3. Similar to PCC, PT was 
prolonged greatest in Triniclot® PT Excel S and 0.63 U/
mL of aPCC reduced PT to approximately 64 % of that of 
the original level. With respect to the reduction rate, the 
decrease was greatest in Neoplastin® R and 0.63 U/mL 
of aPCC reduced PT to approximately 54 % of the origi-
nal level. Regarding the plateau phenomenon, all three PT 
tests demonstrated similar trends. PT decreased in a dose-
dependent manner when aPCC dose was between 0.63 
and 2.5, and 5.0 U/mL showed limited additional effects. 
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Fig. 1  Impact of edoxaban on prothrombin time (PT). Edoxaban pro-
longed PT concentration-dependently. The relationship was almost 
linear and the magnitude of responses to edoxaban was depended on 
the thromboplastin reagent. The response ranged from 0 to 500 ng/
mL and Triniclot® PT Excel S showed the greatest response. Solid 
line, mean; dotted line, 95 % confidence interval. Filled circle: Trini-
clot® PT Excel S (blue), filled square: Thromborel® S (green), filled 
upright triangle: Neoplastin® R (yellow)
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When edoxaban dose was the therapeutic level (300 ng/
mL), 1.25 U/mL of aPCC reduced PT to the normal range 
in Thromborel® S and Neoplastin® R, while the level was 
above the reference value in Triniclot® PT Excel S.

Clinical samples

In the clinical samples, edoxaban doses calculated by chro-
mogenic anti-factor Xa assay were distributed between the 
range of 0 and 366.9 ng/mL. In the same samples, PT was 
significantly prolonged and distributed in a large range: 
Triniclot® PT Excel S; 11.6–37.4 s, PT = 0.37 × anti-
factor Xa activity + 14.96, r = 0.72: Thromborel® S; 

11.8–30.2 s, PT = 0.16 × anti-factor Xa activity + 14.88, 
r = 0.52: Neoplastin® R; 15.0–49.1 s, PT = 0.33 × anti-
factor Xa activity + 18.39, r = 0.60. As is shown in Fig. 4, 
edoxaban resulted in an increase in PT in a dose-dependent 
manner and the reactivity was highest with Triniclot® PT 
Excel S.

Discussion

The management of critical bleeding during treatment with 
DOACs is an urgent matter. Obviously, it would be help-
ful to have a real-time monitoring method [13]. The devel-
opment of antidotes that neutralizes the activity of various 
DOACs is currently underway [16, 17], and the effect of 
PER977, a synthetic reversal agent, has been reported to be 
most effective for edoxaban among DOACs [18]. Once the 
specific reversal agents become available, the importance 
of monitoring will increase for the appropriate use of these 
expensive agents. Under these circumstances, we planned 
to evaluate the suitability of commercially available PT 
tests to measure the anticoagulant activity of edoxaban. 
The usefulness of PT tests was examined in the former 

Table 1  Comparison of prothrombin time tests

PT reagent Reference value (s) Spiked  
samples

Clinical 
samples

Slope r Slope r

Triniclot® Excel S 12.7–15.2 0.35 0.99 0.37 0.72

Thromborel® S 9.8–12.1 0.15 0.99 0.16 0.52

Neoplastin® R 13.0–17.7 0.24 0.99 0.33 0.60
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Fig. 2  Impact of prothrombin complex concentrates (PCC) on pro-
thrombin time (PT). Concentration-dependent decrease of PT was 
recognized after PCC administration. In cases of Thromborel® S 
and Neoplastin® R, PCC added to the plasma samples that had been 
spiked with edoxaban showed the decrease of PT in a dose-depend-

ent manner. While in case of Triniclot® PT Excel S, the reached pla-
teau at the PCC concentration of 1.5 U/mL. Data shown is from one 
experiment, which is representative of the data from three indepen-
dently performed experiments
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Fig. 3  Impact of activated prothrombin complex concentrates 
(aPCC) on prothrombin time (PT). Concentration-dependent decrease 
of PT was recognized after aPCC administration. When 0.5, 1.0 or 
1.5 U/mL of aPCC was added to the plasma samples that had been 
spiked with edoxaban, each PT test showed the decrease of PT in a 

dose-dependent manner. However, further addition of aPCC did 
not result in the complete correction of PT. Data shown is from one 
experiment, which is representative of the data from three indepen-
dently performed experiments
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Fig. 4  Relationship between anti-factor Xa activity and prothrom-
bin time (PT). Anti-factor Xa activity dependent increase of PT was 
recognized in the patients received edoxaban after the orthopedic sur-
gery (n = 144). Among the PT tests, Triniclot PT Excel S® showed 

the highest reactivity and good relationship (y = 0.37x + 14.96, 
r = 0.72). Thromborel S: y = PT = 0.16x + 14.88, r = 0.52. Neo-
plastin R: y = 0.33x + 18.39, r = 0.60
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studies [19], but most of the studies were performed using 
spiked normal plasma or plasma samples from healthy 
volunteers and the results are inconsistent [20, 21]. To the 
best of our knowledge, this is the first report to describe the 
distribution of PT values in post-surgical patients receiving 
edoxaban. In addition, since many of the PT reagents have 
been replaced to the new reagents; for example, Triniclot® 
PT Excel was replaced to Excel S and Neoplastin® Plus 
was replaced to Neoplastin® R, we have to update the refer-
ences. In this study, we compared the performance of three 
popular PT reagents currently available in Japan.

Chromogenic anti-Xa assay has already been evaluated 
as more accurate assay for the measurement of DOACs 
[22–24]; however, it is still not popular as an emergency 
test. In contrast, the PT test is broadly used for the moni-
toring of vitamin K antagonist in the local laboratories. 
However, the validity of PT tests for DOACs monitoring 
is not consistent. In the current study, edoxaban prolonged 
PT values in a concentration-dependent manner in both of 
spike-in and clinical samples. In addition, there was a good 
linear correlation in PT values between the three reagents 
(r = 0.99) in spiked-in samples. In the clinical samples, the 
correlation of PT and anti-Xa activity was not as high as 
the spiked-in samples probably because PT was affected 
by the surgery. The phenomenon that the extension of PT 
was seen in some samples at the time when blood concen-
trations of edoxaban were considerably low (or zero) fur-
ther supports this idea. In addition, there are two subjects 
who showed significantly high prothrombin time compar-
ing their anti-Xa activities. Those cases did not complicate 
liver dysfunction. They did not intake vitamin K antago-
nists, and we could not find any other possible reasons for 
the PT prolongation.

The sufficient reactivity was not achieved in all DOACs. 
Douxfils et al. [25] reported that PT tests were not sensi-
tive enough to evaluate the activity of apixaban. The same 
group also recommended not using PT tests for the moni-
toring of rivaroxaban [26]. To understand these conflicting 
results, we have to realize that the reactivity of PT tests 
differ widely between the reagents. Kanemoto et al. [27] 
reported that Triniclot® PT Excel S showed PT prolonga-
tion by 1.1 to 2.0-fold with the use of apixaban 50–500 ng/
mL and others [28] reported Triniclot® PT Excel S was one 
of the most sensitive for rivaroxaban. These results sug-
gested that the matched combination of DOAC and PT test 
is the key for effective monitoring. In the current study, our 
data demonstrated that Triniclot® PT Excel S will be most 
suitable for the monitoring of edoxaban activity in the daily 
practice.

Although DOACs are rapidly cleared with minimal 
accumulation [29], strategies for reversing its anticoagulant 

activity are still required for managing critical bleeding 
such as intracerebral bleeding in the emergency care set-
ting. Currently, PCC and aPCC are the choices for this 
situation [30], and PPSB-HT® and FEIBA® are available 
in Japan. PPSB-HT® contains inactive factor II, IX, X and 
VIIa and FEIBA® contains activated factors II, VII, IX, and 
X [14]. American Heart Association guidelines on manage-
ment of spontaneous intracerebral hemorrhage suggest the 
use of PCC or aPCC as a potential reversal agent [31]. The 
study that evaluated the reversal effect of PCC and aPCC 
by PT was still rare, but Fukuda et al. [32] demonstrated 
the similar result as ours. However, correlation between the 
clinical reversal effect and PT is still lacking and no con-
sensus has been reached regarding PCC and aPCC use of 
dosing [33]. Our results indicated that PCC and aPCC con-
centration-dependently shortened PT prolonged by edoxa-
ban, but PT never recovered to the normal range if the con-
centration of edoxaban in plasma is high. It is important for 
the clinicians to remind this phenomenon to avoid the over-
dose of PCC and aPCC when they use PT as an indicator.

As for the in vivo study, Herzog et al. [34] revealed that 
PCC effectively reversed both edoxaban-induced hemor-
rhaging and the prolongation of PT in a dose-dependent 
manner by using a rabbit bleeding model; however, the 
standard method of PCC use has not been clinically estab-
lished. Our results suggested that the monitoring by PT test 
might become the guidance for the use of PCC and aPCC. 
For example, edoxaban 300 ng/mL prolonged PT to 30 s, 
which is achieved by a single oral dose of edoxaban 60 mg 
[28], and it was reversed to 20 s by 1.5 U/mL of PCC or 
1.25 U/mL of aPCC. At the supra-therapeutic concentra-
tions of edoxaban, similar results were recognized.

In summary, we think the anticoagulant effect of edoxa-
ban can be evaluated at least partially by measuring PT, and 
the reactivity is different depending on the reagents. The 
reversal effects of PCC and aPCC can also be evaluated by 
PT tests. However, the usefulness of monitoring with PT 
should be clinically evaluated in the future study.

Finally, there are some limitations in this study. First, we 
examined only a limited numbers of PT tests. Since con-
siderable differences in reactivity between the tests exist, it 
is important to check the reactivity of each PT test for the 
target DOAC. Second, edoxaban doses in the clinical sam-
ples were limited to 15 and 30 mg. Since the recommended 
dose for the stroke prevention in non-valvular atrial fibrilla-
tion is 60 mg/day [35], the performance of PT tests should 
be examined in the samples from the patients who take 
this dose of edoxaban in the next step. Third, the reversal 
effects were also examined only in spiked-in samples. The 
evaluation for PT tests on the reversal effects should also be 
confirmed in the clinical samples.
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Conclusion

PT tests are appropriate assays to measure pharmacody-
namic effects of edoxaban in the emergency setting. How-
ever, a large variability among different PT reagents should 
be considered. The reversal effects of PCC and aPCC could 
also be evaluated by PT tests. It is therefore suggested that 
PCC and aPCC could better be used for emergency reversal 
of DOACs under the monitoring by PT tests.
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