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Abstract

Background: An increasing number of patients are treated with direct-acting oral anticoagulants (DOACs), but the
optimal way to reverse the anticoagulant effect is not known. Specific antidotes are not available and prothrombin
complex concentrate (PCC), activated PCC (aPCC) and recombinant factor VIIa (rFVIIa) are variously used as reversal
agents in case of a major bleeding. We aimed to determine the most effective haemostatic agent and dose to
reverse the effect of rivaroxaban in blood samples from patients taking rivaroxaban for therapeutic reasons.

Methods: Blood samples from rivaroxaban-treated patients (n = 50) were spiked with PCC, aPCC and rFVIIa at
concentrations imitating 80%, 100% and 125% of suggested therapeutic doses. The reversal effect was assessed by
thromboelastometry in whole blood and a thrombin generation assay (TGA) in platelet-poor plasma. Samples from
healthy subjects (n = 40) were included as controls.

Results: In thromboelastometry measurements, aPCC and rFVIIa had a superior effect to PCC in reversing the
rivaroxaban-induced lenghtening of clotting time (CT). aPCC was the only haemostatic agent that shortened the CT
down to below the control level. Compared to healthy controls, patients on rivaroxaban also had a prolonged lag
time and decreased peak concentration, velocity index and endogenous thrombin potential (ETP) in platelet-poor
plasma. aPCC reversed these parameters more effectively than rFVIIa and PCC. There were no differences in efficacy
between 80%, 100% and 125% doses of aPCC.

Conclusions: aPCC seems to reverse the anticoagulant effect of rivaroxaban more effectively than rFVIIa and PCC
by evaluation with thromboelastometry and TGA in vitro.

Keywords: Rivaroxaban, Reversal, Prothrombin complex concentrate, Activated prothrombin complex concentrate,
Recombinant aFVIIa

Background
The efficacy and safety of direct-acting oral anticoagulants
(DOACs), including the factor Xa inhibitor rivaroxaban,
in the prevention and treatment of thromboembolic disor-
ders have been demonstrated in a number of clinical stud-
ies [1, 2]. It is documented that the associated bleeding

risk is lower for rivaroxaban than for warfarin [3]. Spon-
taneous and trauma-induced bleeding episodes do, how-
ever, still occur in patients on DOACs [4, 5]. Large phase
3 studies have shown that the relative risk of major bleed-
ing is 1.1% for patients taking DOACs compared to 1.8%
in patients taking warfarin. Real-world data from observa-
tional studies confirm these results [6–8]. Guidelines for
treatment of major bleedings on rivaroxaban are inconsist-
ent [9, 10]. Although routines for supportive treatment,
such as fluid replacement and blood transfusions, topical
haemostatic measures and charcoal administration in case
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of recent tablet intake have been established, there is not a
consensus on how to reverse the anticoagulant effect of
rivaroxaban in case of major or life-threatening bleeding.
A generic reversal agent of factor Xa inhibitors, andexanet
alpha, has shown promising results [11], but no antidote
is yet commercially available.
Three haemostatic agents have been suggested as sur-

rogate antidotes, but the documentation on the effect
and optimal dosage is limited and divergent. Four-factor
prothrombin complex concentrate (PCC) is used as an
antidote to warfarin, replacing coagulation factors II, VII,
IX, and X in their zymogen or inactive forms. Haemo-
philiacs with inhibitors are treated with recombinant ac-
tivated factor VII (rFVIIa) and/or activated PCC (aPCC)
containing coagulation factors II, IX, and X, and FVIIa.
Several studies have evaluated the reversing effect of
these surrogate antidotes on haemostatic parameters in
animals [12, 13] and by using blood from healthy sub-
jects taking rivaroxaban or blood spiked with rivaroxa-
ban ex vivo [14–20]. It has been shown that different
PCCs incompletely reverse the anticoagulation effect of
rivaroxaban on the thrombin generation assay (TGA)
parameter endogenous thrombin potential (ETP) [21],
and there is increasing evidence suggesting that aPCC
and rFVIIa have a better effect [14, 17, 19]. To our
knowledge, the reversing effect of those agents has not
yet been studied on patients taking rivaroxaban for
therapeutic reasons.
The aims of the present study were to compare PCC,

aPCC and rFVIIa as surrogate antidotes in 50 patients
on therapeutic rivaroxaban doses, and to find the most
effective dose to reverse the anticoagulant effect of rivar-
oxaban in these patients.

Methods
Study design
This is an in vitro study where the ability of PCC, aPCC
and rFVIIa to reverse the effect of rivaroxaban was
tested in blood collected from patients treated with
rivaroxaban.

Participants
Fifty patients treated with therapeutic doses of rivaroxa-
ban for various approved indications and 40 healthy
controls, without previous history of vascular disease,
were recruited in the study. Patients between 18 and
85 years of age who had taken rivaroxaban for more
than two months were eligible. Controls were recruited
from the same age group. Ongoing treatment with anti-
platelet drug(s) and/or non-steroidal antiinflammatory
drug(s) was an exclusion criterium for both patients and
controls. All participants gave written informed consent,
and the study was approved by the Norwegian regional
committee for medical and health research ethics.

Haemostatic agents and doses
We evaluated the following reversal agents in this study:
4-PCC (Cofact®, Sanquin, Amsterdam, the Netherlands),
aPCC (FEIBA®, Baxter AG, Vienna, Austria) and rFVIIa
(Novoseven®, NovoNordisk, Copenhagen, Denmark).
The concentrations included in this study were chosen
to imitate 80%, 100% and 125% of the doses suggested
for clinical use in case of a major bleeding in a patient
treated with a DOAC according to existing guidelines.
For PCC the suggested 100% dose is 40 IU/kg, aPCC
50 IU/kg and rFVIIa 90 μg/kg [22]. The drugs were dis-
solved in sterile water to stock solutions of 34 IU/mL
PCC, 34 IU/mL aPCC and 68 μg/mL rFVIIa. Doses of
the spiked haemostatic agents were calculated assuming
that an adult had 65 mL blood/kg.

Blood collection
Blood was collected from an antecubital vein of the pa-
tients through a 21Gx19 mm butterfly needle (Vacuette®
Greiner Bio-One GmbH, Kremsmunster, Austria) with
minimal use of stasis. The first 2-4 mL of blood was dis-
carded. The blood collection tubes for the measure-
ments of thrombin generation and thromboelastometry
(0,109 M citrate Monovette®, Sarstedt, Nümbrecht,
Germany) were manually prefilled with Corn Trypsin
Inhibitor (CTI) (Haematologic Tecnologies Incorporates,
Essex Junction, VT, USA) at a final concentration of
20 μg/mL. Test tubes that were not filled completely
were discarded. For anti-FXa activity measurements we
used 4.5 mL Vacutainer® tubes (Becton-Dickinson,
Franklin Lakes, NJ, USA) containing 0.5 mL 0.109 M
buffered citrate without CTI. The blood sampling was
performed at the time of presumed peak concentration
of rivaroxaban in the patients, about 2 h after the drug
intake.

Preparations
For measurements of rivaroxaban concentration by an
anti-FXa activity assay, citrated plasma was obtained
after centrifugation for 15 min at 2000 g in RT. The
supernatant was carefully collected and stored at -80 °C
for 2–3 months before measurements of anti-FXa activ-
ity were performed.
Whole blood containing CTI for measurements of

thromboelastometry and thrombin generation from each
patient was pooled and divided into 10 aliquots of 5 mL.
Haemostatic agents were added in the doses mentioned
above, and one aliquot was always left untreated to rep-
resent the baseline value.
Aliquots of whole blood spiked with three different

haemostatic agents at increasing concentrations and the
untreated aliquot were incubated at 37 °C for 30 min.
Then the samples were further subdivided. Platelet-poor
plasma (PPP) was obtained by centrifugation for 13 min
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at 12000 g in RT, and the supernatant was carefully col-
lected. PPP was immediately frozen and stored at -80 °C
for 1–3 months before measurement of thrombin gener-
ation. The remaining whole blood was incubated at 37 °C
for another 30–90 min before measurements by throm-
boelastometry were performed.

Anti-FXa activity measurements
To measure rivaroxaban concentration in citrated plasma,
an anti-FXa activity method calibrated for rivaroxaban
was performed on STA-R Evolution® coagulometer
(Diagnostica Stago S.A.S., Asnières sur Seine, France) [23]
according to the manufacturer’s instructions.

Thrombin generation assay
Thrombin generation was measured in PPP using the
Calibrated Automated Thrombogram (CAT) (Diagnostica
Stago, Asnière, France) with the Thrombinoscope software
(Thrombinoscope BV®, Maastricht, The Netherlands)
[24, 25]. PPP, supplemented with the three different
reversal agents in three different concentrations, were
run in triplicates. The thrombin generation parame-
ters lag time, peak of maximum thrombin concentra-
tion, velocity index and the total amount of thrombin
generated, i.e. endogenous thrombin potential (ETP),
were recorded. The PPP reagent containing 5 pM TF
and 4 μM phospholipids was used to initiate throm-
bin generation.

Thromboelastometry
CTI-containing whole blood (with reversal agents in
three different concentrations) were run in duplicates
and the clotting time (CT; seconds), clot formation time
(CFT; seconds), maximum velocity (MaxV; mm/s), area
under curve (AUC) and maximum clot firmness (MCF;
mm) were measured by ROTEM® (TEM Innovations,
Munich, Germany) with low tissue factor activated
ROTEM [26]. Prior to measurements, the plastic test
cups were prepared with 40 μL buffer (a mixture of
equal parts of buffer 1: 20 mM Hepes, 150 mM NaCl,
pH 7.4 and buffer 2: 20 mM Hepes, 150 mM NaCl,
200 mM CaCl2, pH 7.4). Recombinant relipidated TF
(Innovin®, Dade Behring, Liederbach, Germany) diluted
in a total volume of 20 μL of buffer 1 was also added.
To initiate the reaction, whole blood (280 μL) was
added and the total volume of reagents and whole
blood in each cup was 340 μL. The final TF dilution
was 1:70 000, corresponding to a theoretical concen-
tration of 0.35 pM.

Statistical analysis
The analysis of variance (ANOVA-test) was used
followed by the post-hoc test Tukey multiple compari-
son. Statistical calculations were performed by using

SPSS version 21 (SPSS, Inc, Chicago, USA) and statis-
tical significance was set to p < 0.05.
The Spearman’s rank correlation coefficient was used

when assessing the relationship between rivaroxaban
concentration and coagulation parameters. The data are
expressed as mean value with a 95% confidence interval
(CI 95%) or one standard deviation (SD).

Results
Between October 2014 and May 2015, 50 patients
treated with therapeutic doses of rivaroxaban were en-
rolled in the study at Akershus University Hospital. In
the same time period 40 controls were included. All 50
patients used 20 mg of rivaroxaban once daily. The indi-
cations for rivaroxaban treatment were deep vein throm-
bosis, pulmonary embolism and atrial fibrillation. The
main characteristics of patients and controls are dis-
played in Table 1.

Anti-FXa activity measurements
The mean rivaroxaban concentration in the patient
group was 216.7 ng/mL (95% CI 188.2–245.3). Rivaroxa-
ban concentrations were compared to thromboelastome-
try parameters in whole blood and to TGA parameters
in PPP. Only data for CT and ETP are shown. The
Spearman’s correlation coefficient between rivaroxaban
concentration and CT was 0,68 (p < 0.005) (Fig. 1a).
There was also a linear negative correlation between riv-
aroxaban levels and ETP in PPP (r = −0.72; p < 0.005)
(Fig. 1b).

Thrombin generation
Rivaroxaban affected all thrombin generation parameters
in PPP. Mean lag time was prolonged more than 3-fold
relative to untreated controls (mean difference 6.5 min,
95% CI 5.7–7.3). Peak concentration was reduced by
almost 90% (mean difference 167.1 nM, 95% CI

Table 1 Characteristics of patients and controls

Patients
(n = 50)

Controls
(n = 40)

Age – years 53.1 (14.9) 50.3 (12.8)

Weight – kg 87.1 (16.5) -

Time after intake – minutes 130.1 (14.9) -

Platelet count – x 109/L 142.6 (54.7) 171.8 (54.3)

Platelet count in PRP – x 109/L 146.3 (44.5) 152.4 (26.0)

Rivaroxaban dose (mg od) 20 0

Sex (female) 26 (52%) 24 (60%)

Deep vein thrombosis 21 (42%) -

Pulmonary embolism 28 (56%) -

Atrial fibrillation 1 (2%) -

Values are given in mean (SD) or n (%)
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161.6–172.7), Velocity Index (VI) by approximately
97% (mean difference 58.2 nM/min, 95% CI 57.8–
58.6) and ETP by approximately 40% (mean difference
532.9 nM*min, 95% CI 416.0–649.8) (Fig. 2).
The haemostatic agents improved the thrombin gener-

ation parameters at varying degrees. PCC in a 100% dose
did not cause a significant shortening of the lag time
(mean difference 1.6 min, 95% CI 1.1–2.2). rFVIIa in
100% dose (90 μg/kg) was more effective than PCC in
shortening the lag time (mean difference 6.6 min, 95%
CI 5.7–7.4) but this effect was not significantly different
from aPCC 100% dose which shortened lag time by 50%
(mean reduction 5.5 min, 95% CI 4.7–6.3) (Fig. 3a). PCC
in a 100% dose almost doubled peak concentration
(mean difference 37.7 nM, 95% CI 29.5–45.9), and so
did the 100% dose of rFVIIa (mean difference 36.1 nM,
95% CI 30.2–42.0). However, both those agents were less
effective than aPCC 100% which caused an increase in
peak concentration by 400% (mean difference 83.9 nM,

95% CI 71.4–96.4) (Fig. 3b). The velocity index (VI)
was increased by 240% by PCC 100% (mean difference
3.0 nM/min, 95% CI 2.3–3.8), and by 400% by rFVIIa
100% (mean difference 6.2 nM/min, 95% CI 4.6–7.9).
aPCC in the 100% dose had a significantly better reversal
effect increasing VI than PCC and rFVIIa and increased
VI by 800% (mean difference 12.9 nM/min, 95% CI 9.6–
14.6) (Fig. 3c). The total amount of thrombin generated,
ETP, was increased by the 100% dose of PCC by 130%
(mean difference 802.5 nM*min, 95% CI 649.2–955.8),
and by the 100% dose of rFVIIa by 80% (mean difference
452.7 nM*min, 95% CI 365.7–539.7). The 100% dose
of aPCC had a more pronounced effect than PCC
and rFVIIa and increased ETP by 235% (mean difference
1382.5 nM*min, 95% CI 1203.1–1561.9) (Fig. 3d).
There was not a dose–response relationship for any of

the reversal agents on any of the TGA parameters. aPCC
125% of the suggested dose in clinical use reversed the
TGA parameters in a similar manner to the 80% dose
aPCC (lag time: p = 0.99, peak concentration: p = 1.0,
velocity index: p = 0.99, ETP: p = 0.6). Furthermore the
reversing effect of the lowest dose aPCC (80%) was more
pronounced than the highest dose of PCC (125%) in all
TGA parameters (p < 0.005) (Fig. 3a-d).

Thromboelastometry
Compared to controls, rivaroxaban doubled the CT
(mean difference 674.4 s, 95% CI 527.8–820.9) (Table 2).
PCC shortened the rivaroxaban-induced prolongation of
CT by 25% (mean difference 386.9 s, 95% CI 263.0–
510.8) and there was not a significant difference between
the 80%, 100% and 125% doses (32 IU/kg, 40 IU/kg or
50 IU/kg). Adding rFVIIa caused a shortening of the CT
by approximately 40% (mean difference 636.6 s, 95% CI
523.4–747.7) and aPCC shortened CT by 60% (mean dif-
ference 892.1 s, 95% CI 762.2–1022.1). There was not a
significant difference between rFVIIa and aPCC in a 100%

Fig. 1 Correlation between rivaroxaban concentration and clotting
time and ETP. a. Correlation between rivaroxaban concentration and
thromboelastometry clotting time (CT) in whole blood. R = 0.68,
p < 0.005, n = 50. b. Correlation between rivaroxaban concentration
and endogenous thrombin potential (ETP) in platelet-poor plasma.
R = −0.72, p < 0.005, n = 47

Fig. 2 Reversal of the rivaroxaban effect by reversal agents shown in
representative thrombograms. Thrombin generation was obtained
by Calibrated Automated Thrombogram (CAT) on platelet-poor
plasma. Thrombograms of the controls and patient samples of
rivaroxaban-treated patients with and without reversal agents added.
The reversal agents shown are prothrombin complex concentrate
(PCC), activated PCC (aPCC) and recombinant factor VIIa (rFVIIa) in
100% dose
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dose nor between the highest doses of these haemostatic
agents. However, aPCC was the only haemostatic agent
that shortened CT down below the level of the controls,
and the 80% dose of aPCC was more effective than the
highest dose (125%) of PCC (p < 0.005) (Fig. 4a)th=tlb=
Treatment with rivaroxaban (Table 2) and addition of

haemostatic agents (data not shown) influenced CFT in
the same manner as CT. However, neither rivaroxaban
(Table 2) nor the haemostatic agents (data not shown)
affected the thromboelastometry parameters MCF, maxV
and AUC.

Subgroup analysis - patients with a high rivaroxaban
concentration
A subgroup analysis was performed on the patients with
the highest rivaroxaban concentrations, defined by a

rivaroxaban concentration >300 ng/L (mean 400.6 ng/mL,
95% CI 335.3–466.0) (n = 6). Those patients had the lon-
gest CT in WB (mean clotting time 2425.6 s, 95% CI
1774.8–3076.3) and lowest ETP in PPP (mean ETP
531.1 nM/min, 95% CI-187.7–1249.9). We found the
same pattern as in the main analysis, i.e. that aPCC
increased ETP more than PCC (p < 0.001) and rFVIIa
(p < 0.001). All three haemostatic agents reduced the
CT in the subgroup analysis, but there was not a sig-
nificant difference between the three drugs (p = 1.0)
(Fig. 4b).

Discussion
In the present study we evaluated the ability of three dif-
ferent non-specific reversal agents, PCC, aPCC, and
rFVIIa, to reverse the anticoagulant effect of rivaroxa-
ban. The TGA and thromboelastometry parameters af-
fected by rivaroxaban were improved by all three
haemostatic agents, but at various degrees. In summary,
aPCC reversed rivaroxaban-induced changes in TGA
(velocity index, peak height and ETP) more efficiently
than PCC and rFVIIa. Also, the rivaroxaban-induced
prolongation of CT in whole blood was shortened more
efficiently by aPCC and rFVIIa than PCC. Adding aPCC
even brought the CT to below the level of the controls,
and also increased the ETP to above the control level.
Furthermore, we did not find an additional effect by in-
creasing the dose of aPCC from 80% to 125% in the

Fig. 3 Difference in thrombin generation parameters after adding reversal agents in different doses. Differences in thrombin generation
parameters are expressed as per cent difference from baseline (rivaroxaban with no haemostatic agent added). The doses of the haemostatic
agents are 80%, 100% and 125% of the suggested doses, as described under study design. a. Lag time obtained by Calibrated Automated
Thrombogram (CAT) on platelet-poor plasma (minutes); b. Peak height of thrombin obtained by CAT on platelet-poor plasma (nM); c. Velocity
index obtained by CAT on platelet-poor plasma (nM/min); d. Endogenous Thrombin Potential (ETP) obtained by CAT on platelet-poor plasma
(nM*min). Control level, the difference between the mean control value and the patient baseline values, is illustrated by the dotted line. *p < 0.005.
PCC: prothrombin complex concentrate, aPCC: activated PCC, rFVIIa: recombinant factor VIIa

Table 2 Thromboelastometry results before adding haemostatic
agents

Patients Controls p-value

Clotting time (CT) - sec 1379.4 (510.2) 705.8 (198.1) <0.001

Clot formation time – sec 278.6 (157.0) 187.6 (40.1) <0.001

Maximum clot firmness – mm 57.4 (9.7) 56.0 (5.2) 0.12

Maximum velocity – mm/s 7.0 (5.5-9.0)a 8.0 (7.0-10.0)a 0.83

Area under the curve –mm x sec 5695.3 (1103.5) 5620.4 (498.1) 0.11

Numbers are given as mean (SD) if not otherwise specified
aMedian (interquartile range)
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assays used in this study. Our finding, i.e. that aPCC was
the most effective drug, is in accordance with previous
studies performed on healthy volunteers [14, 17, 19].
In this study we used the 4-factor PCC, Cofact®, which

does not contain any heparin. However, to exert an anti-
thrombotic effect, protein C and S are present in
Cofact®, but this is not the case for aPCC or rFVIIa
which are pure factor concentrates. How protein C and
S influence the results is not known, and it is possible
that their presence is the reason for the inferior effect of
PCC to reverse the anticoagulant effect of rivaroxaban in
this study. One possible way to find this out would
be to use a 4-factor PCC which does not contain any
natural anticoagulants, for example PPSB-S.D (Solvent
Detergent)®(CAF-DCF, Belgium). The effect of fresh
frozen plasma (FFP) has not been investigated in this
study. FFP is derived from whole blood and contains

all components of the coagulation cascade in physio-
logic concentrations, mostly in inactive forms, and is
traditionally used to reverse the effect of Warfarin.
Because rivaroxaban specifically inhibits FXa, re-
placing all factors in an inactive form is not consid-
ered as an effective treatment of a major bleeding.
The fact that PCC is widely used as a reversal agent in

rivaroxaban-treated patients is partly based on findings
in the study performed by Eerenberg et al. [16] where
the effect of PCC as an effective reversal agent was dem-
onstrated. In another study, Zhou et al. [13] found that
PCC 50 IU/kg had effect impairing increase of cererebral
haematoma induced by rivaroxaban in mice. In these
studies, aPCC was not evaluated and thereafter, several
studies have shown that PCC has an insufficient effect in
reversing the coagulation parameters (ETP and pro-
thrombin time in PPP) altered by rivaroxaban [21]. Fur-
thermore, Escolar et al. and Perzborn et al. have shown
that aPCC and rFVIIa had a superior effect compared to
PCC in shortening the CT in whole blood (thromboelas-
tometry) and aPCC had a better effect in improving
TGA parameters in rivaroxaban-spiked samples [17, 19].
Our results were also partly in line with a study per-

formed by Herrmann and collegues where 15 patients
treated prohylactically with a low dose of rivaroxaban
before orthopaedic surgery were included [27]. Here
PCC and aPCC proved to be more effective reversal
agents than rFVIIa, but, in contrast to our study rivarox-
aban did not affect the thromboelastometry parameters
CT and CFT. However, Herrmann and coauthors in-
cluded patients with lower doses of rivaroxaban and a
lower mean concentrations of rivaroxaban may therefore
be a reasonable explanation for this difference. Another
possible explanation may be different sampling condi-
tions of whole blood (without CTI) and the use of differ-
ent initiating reagents.
In our study, there was not a significant difference in

efficacy between the different doses of aPCC. One ex-
planation for the lack of dose-dependency might be that
the amount of TF used to initiate the thrombin gener-
ation was too high to detect minor dose–response rela-
tionships for the reversal agents. Another reason for the
lack of dose–response relationship may be that the
maximum effect has already been reached at a dose of
80% aPCC. Whether this is the case in vivo, is not
known. We did not test higher doses because this infor-
mation in clinical practice is not considered useful. To
test lower doses, however, could have given us interest-
ing information.
There are concerns about the thrombogenicity of the

haemostatic agents we have studied [28–30] and clinical
data about thromboembolic complications associated
with reversal of DOACs are limited. Cases have been re-
ported where aPCC has been administrated to patients

Fig. 4 Differences in clotting time in whole blood (thromboelastometry)
after adding haemostatic agents in different concentrations. Differences
in clotting time expressed as per cent reduction from baseline
(rivaroxaban with no haemostatic agent added). The doses of the
haemostatic agents are 80%, 100% and 125% of the suggested
doses, as described under study design. Control level, the
difference between the mean control value and the patient
baseline values, is illustrated by the dotted line. a. Rivaroxaban-
treated patients, the whole group, n = 50. b. Subgroup with the
highest rivaroxabanconcentrations (>300 ng/L), n = 6. *p < 0.005.
PCC: prothrombin complex concentrate, aPCC: activated prothrombin
complex concentrate, rFVIIa: recombinant Factor VIIa

Schultz et al. Thrombosis Journal  (2017) 15:6 Page 6 of 8



under DOAC treatment with an intracranial bleeding,
and an increased risk of thrombosis was not observed
[31–34]. One of the questions we asked in our study was
whether a lower dose of a haemostatic agent than the
guidelines recommend would be sufficient to reverse the
anticoagulation effect of rivaroxaban. Because the lowest
dose of aPCC (80%) was significantly more effective in
reversing rivaroxaban-induced alterations in the coagula-
tion assays than the highest doses PCC and rFVIIa, and
because aPCC reversed ETP and CT to beyond the
levels of the controls, one might speculate that even a
lower dose of aPCC than 80% could be sufficient for re-
versing the rivaroxaban-induced changes. A lower dose
might also reduce the risk of thromboembolic events.
Different doses of rivaroxaban to imitate an overdose

situation were not included in this study. We did, how-
ever, a subgroup analysis (n = 6) of the patients with the
highest rivaroxaban concentrations (>300 ng/mL). Those
six patients also had the longest clotting time in whole
blood. and the lowest ETP in PPP. Like in the main pa-
tient group we found that the reversing effect of aPCC
was superior to the other reversal agents measured by
ETP in PPP but we did not see a difference between the
reversal agents in shortening of the CT. However, the
lack of statistical difference of the post-hoc test might be
due to the low number of cases in the subgroup.
A limitation of our study is that it was an in vitro

study and will therefore not completely reflect the in
vivo situation. In contrast to previous studies, we re-
cruited patients taking rivaroxaban for therapeutic rea-
sons which may have given us results closer to a real life
situation. A positive impact of aPCC on the clinical out-
come of an actively bleeding patient receiving rivaroxa-
ban has been reported in several cases. This is, however,
not studied in clinical trials [31–34]. It is also a general
issue whether coagulation assays are predictive to assess
the risk of bleeding. Only randomized clinical trials may
be able to give such information.

Conclusions
The haemostatic agent aPCC reversed rivaroxaban-
induced changes in TGA parameters more efficiently
than PCC and rFVIIa, and thromboelastometry parame-
ters more efficiently than PCC in vitro. We studied three
different concentrations of PCC, aPCC and rFVIIa and
did not find a dose–response relationship in any of these
drugs. Given the potential prothrombotic effect of these
drugs, doses beyond suggestions in guidelines should be
avoided.
We found a strong correlation between ETP and CT

and the rivaroxaban concentration. However, future
studies are needed to evaluate if these parameters can be
used to identify a clinically relevant hypocoagulability or
non-compliance in rivaroxaban-treated patients.

Abbreviations
aPCC: Acivated prothrombin complex concentrate; CAT: Calibrated
automated thrombogram; CFT: Clot formation time; CT: Clotting time;
CTI: Corn trypsin inhibitor; DOAC: Direct-acting oral anticoagulant;
ETP: Endogenous thrombin potential; MCF: Maximum clot firmness;
PCC: Prothrombin complex concentrate; PPP: Platelet-poor plasma;
rFVIIa: Recombinant activated Factor VII; ROTEM: Rotational
Thromboelastometry; RT: Room temperature; TGA: Thrombin generation
assay; VI: Velocity Index

Acknowledgements
The authors would like to thank Marissa LeBlanc and Richard Lee for
statistical assistance and the Department of Medical Biochemistry at Oslo
University Hospital for performing the anti-Xa assays.

Funding
The study was financially supported by an unrestricted research grant from
Bayer, Germany.

Availability of data and material
The datasets generated and analysed during the current study are not
publicly available due to confidenciality, but are available from the
corresponding author on request.

Authors’ contributions
NHS performed the experiments, interpreted the data and drafted the
manuscript. HTTT designed and planned the study and contributed to the
manuscript. SB performed the experiments, supervised in the laboratory
work and contributed to the manuscript. PMS and CEH added useful
information in the research process and revised and made relevant additions
to the manuscript. PAH planned the study, analysed the data and revised
the manuscript. All authors read and approved the final manuscript.

Competing interests
The study was financially supported by an unrestricted research grant from
Bayer, Germany to author Pål Andre Holme. The other authors declare that
they have no competing interests.

Concent for publication
Not applicable

Ethics approval and consent to participate
All participants gave written informed consent, and the study was approved
by the Norwegian regional committee for medical and health research
ethics (approval no. 2012/961).

Author details
1Research Institute of Internal Medicine, Oslo University Hospital, Box 4950
Nydalen, N-0424 Oslo, Norway. 2Department of Haematology, Oslo University
Hospital, Box 4950 Nydalen, N-0424 Oslo, Norway. 3Department of
Haematology, Akershus University Hospital, N-1478 Lørenskog, Norway.
4Institute of Clinical Medicine, Faculty of Medicine, University of Oslo, Box
1171 Blindern, N-0318 Oslo, Norway. 5Department of Medical Biochemistry,
Oslo University Hospital, Box 4950 Nydalen, N-0424 Oslo, Norway.

Received: 1 November 2016 Accepted: 14 February 2017

References
1. van Es N, Coppens M, Schulman S, Middeldorp S, Büller HR. Direct oral

anticoagulants compared with vitamin K antagonists for acute venous
thromboembolism: evidence from phase 3 trials. Blood. 2014;124:1968–75.

2. Yeh CH, Hogg K, Weitz JI. Overview of the new oral anticoagulants:
opportunities and challenges. Arterioscler Thromb Vasc Biol. 2015;35:1056–65.

3. Coleman CI, Antz M, Bowrin K, Evers T, Simard EP, Bonnemeier H, et al. Real-
world evidence on stroke prevention in patients with atrial fibrillation in the
United States: the REVISIT-US study. Curr Med Res Opin. 2016;32:2047–53.

4. Patel MR, Mahaffey KW, Garg J, Pan G, Singer DE, Hacke W, et al.
Rivaroxaban versus warfarin in nonvalvular atrial fibrillation. N Engl J Med.
2011;365(10):883–91.

Schultz et al. Thrombosis Journal  (2017) 15:6 Page 7 of 8



5. Eerenberg ES, Middeldorp S, Levi M, Lensing AW, Büller HR. Clinical impact
and course of major bleeding with rivaroxaban and vitamin K antagonists.
J Thromb Haemost. 2015;13:1590–6.

6. Fontaine GV, Mathews KD, Woller SC, Stevens SM, Lloyd JF, Evans RS. Major
bleeding with dabigatran and rivaroxaban in patients with atrial fibrillation:
a real-world setting. Clin Appl Thromb Hemost. 2014;20:665–72.

7. Larsen TB, Rasmussen LH, Skjøth F, Lip GY. Efficacy and safety of dabigatran
etexilate and warfarin in “real-world” patients with atrial fibrillation: a
prospective nationwide cohort study. J Am Coll Cardiol. 2013;61:2264–73.

8. Kucher N, Aujesky D, Beer JH, Mazzolai L, Baldi T, Banyai M, et al. Rivaroxaban
for the treatment of venous thromboembolism. The SWIss Venous
ThromboEmbolism Registry(SWIVTER). Thromb Haemost. 2016;116:472–9.

9. Pernod G, Albaladejo P, Godier A, Samama CM, Susen S, Gruel Y, et al.
Management of major bleeding complications and emergency surgery in
patients on long-term treatment with direct oral anticoagulants, thrombin
or factor-Xa inhibitors: proposals of the working group on perioperative
haemostasis (GIHP) - March 2013. Arch Cardiovasc Dis. 2013;106:382–93.

10. Kaatz S, Kouides PA, Garcia DA, Spyropolous AC, Crowther M, Douketis JD,
et al. Guidance on the emergent reversal of oral thrombin and factor Xa
inhibitors. Am J Hematol. 2012;87:S141–5.

11. Siegal DM, Curnutte JT, Connolly SJ, Lu G, Conley PB, Wiens BL, et al.
Andexanet Alfa for the Reversal of Factor Xa Inhibitor Activity. N Engl J Med.
2015;373:2413–24.

12. Perzborn E, Gruber A, Tinel H, Marzec UM, Buetehorn U, Buchmueller A, et
al. Reversal of rivaroxaban anticoagulation by haemostatic agents in rats
and primates. Thromb Haemost. 2013;110:162–72.

13. Zhou W, Zorn M, Nawroth P, Bütehorn U, Perzborn E, Heitmeier S, et al.
Hemostatic therapy in experimental intracerebral hemorrhage associated
with rivaroxaban. Stroke. 2013;44:771–8.

14. Arellano-Rodrigo E, Lopez-Vilchez I, Galan AM, Molina P, Reverter JC, Carné X,
et al. Coagulation Factor Concentrates Fail to Restore Alterations in Fibrin
Formation Caused by Rivaroxaban or Dabigatran in Studies With Flowing
Blood From Treated Healthy Volunteers. Transfus Med Rev. 2015;29:242–9.

15. Dinkelaar J, Molenaar PJ, Ninivaggi M, de Laat B, Brinkman HJ, Leyte A.
In vitro assessment, using thrombin generation, of the applicability of
prothrombin complex concentrate as an antidote for Rivaroxaban.
J Thromb Haemost. 2013;11:1111–8.

16. Eerenberg ES, Kamphuisen PW, Sijpkens MK, Meijers JC, Buller HR, Levi M.
Reversal of rivaroxaban and dabigatran by prothrombin complex
concentrate: a randomized, placebo-controlled, crossover study in healthy
subjects. Circulation. 2011;124:1573–9.

17. Escolar G, Arellano-Rodrigo E, Lopez-Vilchez I, Molina P, Sanchis J, Reverter JC,
et al. Reversal of rivaroxaban-induced alterations on hemostasis by different
coagulation factor concentrates - in vitro studies with steady and circulating
human blood. Circ J. 2015;79:331–8.

18. Marlu R, Hodaj E, Paris A, Albaladejo P, Cracowski JL, Pernod G. Effect of
non-specific reversal agents on anticoagulant activity of dabigatran and
rivaroxaban: a randomised crossover ex vivo study in healthy volunteers.
Thromb Haemost. 2012;108:217–24.

19. Perzborn E, Heitmeier S, Laux V, Buchmüller A. Reversal of rivaroxaban-
induced anticoagulation with prothrombin complex concentrate, activated
prothrombin complex concentrate and recombinant activated factor VII in
vitro. Thromb Res. 2014;133:671–81.

20. Korber MK, Langer E, Ziemer S, Perzborn E, Gericke C, Heymann C.
Measurement and reversal of prophylactic and therapeutic peak levels of
rivaroxaban: an in vitro study. Clin Appl Thromb Hemost. 2014;20:735–40.

21. Dzik WH. Reversal of oral factor Xa inhibitors by prothrombin complex
concentrates: a re-appraisal. J Thromb Haemost. 2015;13:S187–94.

22. Weitz JI, Quinlan DJ, Eikelboom JW. Periprocedural management and
approach to bleeding in patients taking dabigatran. Circulation.
2012;126:2428–32.

23. Samama MM, Contant G, Spiro TE, Perzborn E, Flem LL, Guinet C, et al.
Evaluation of the anti-factor Xa chromogenic assay for the measurement of
rivaroxaban plasma concentrations using calibrators and controls. Thromb
Haemost. 2012;107:379–87.

24. Hemker HC, Giesen P, Al Dieri R, Regnault V, de Smedt E, Wagenvoord R, et
al. Calibrated automated thrombin generation measurement in clotting
plasma. Pathophysiol Haemost Thromb. 2003;33:4–15.

25. Hemker HC, Al Dieri R, de Smedt E, Béguin S. Thrombin generation, a
function test of the haemostatic-thrombotic system. Thromb Haemost.
2006;96:553–61.

26. Sørensen B, Johansen P, Christiansen K, Woelke M, Ingerslev J. Whole blood
coagulation thrombelastographic profiles employing minimal tissue factor
activation. J Thromb Haemost. 2003;1:551–8.

27. Herrmann R, Thom J, Wood A, Phillips M, Muhammad S, Baker R. Thrombin
generation using the calibrated automated thrombinoscope to assess
reversibility of dabigatran and rivaroxaban. Thromb Haemost. 2014;111:989–95.

28. Kohler M, Hellstern P, Lechler E, Uberfuhr P, Müller-Berghaus G.
Thromboembolic complications associated with the use of prothrombin
complex and factor IX concentrates. Thromb Haemost. 1998;80:399–402.

29. Aledort LM. Factor VIII inhibitor bypassing activity (FEIBA) - addressing safety
issues. Haemophilia. 2008;14:39–43.

30. O’Connell KA, Wood JJ, Wise RP, Lozier JN, Braun MM. Thromboembolic
adverse events after use of recombinant human coagulation factor VIIa.
JAMA. 2006;295:293–8.

31. Messana E, Wilson SS. Activated Pcc (Feiba) for Reversal of Rivaroxaban-
Induced Life-Threatening Bleeding-a Case Series. Crit Care Med. 2015;43:303.

32. Maurice-Szamburski A, Graillon T, Bruder N. Favorable outcome after a
subdural hematoma treated with feiba in a 77-year old patient treated with
rivaroxaban. J Neurosurg Anesthesiol. 2014;26:183.

33. Kiraly A, Lyden A, Periyanayagam U, Chan J, Pang PS. Management of
hemorrhage complicated by novel oral anticoaogulantsin the emergency
department: case report from the northwestern emergency medicine
residency. Am J Ther. 2013;20:300–6.

34. Dibu JR, Weimer JM, Ahrens C, Manno E, Frontera JA. The role of FEIBA in
reversing Novel Oral Anticoagulants in Intracerebral Hemorrhage. Neurocrit
Care. 2016;24:413–9.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Schultz et al. Thrombosis Journal  (2017) 15:6 Page 8 of 8


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study design
	Participants
	Haemostatic agents and doses
	Blood collection
	Preparations
	Anti-FXa activity measurements
	Thrombin generation assay
	Thromboelastometry
	Statistical analysis

	Results
	Anti-FXa activity measurements
	Thrombin generation
	Thromboelastometry
	Subgroup analysis - patients with a high rivaroxaban concentration

	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and material
	Authors’ contributions
	Competing interests
	Concent for publication
	Ethics approval and consent to participate
	Author details
	References

