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Abstract
Background: Although factor Xa inhibitors have become a popular choice for chronic oral anticoagulation, effective
drug reversal remains difficult due to a lack of specific antidote. Currently, 4-factor prothrombin complex concentrate
(4F-PCC) is considered the treatment of choice for factor Xa inhibitor-related major bleeding. However, safety of 4F-PCC
and its risk of thrombosis when used for this off-label purpose remain unclear. The purpose of this retrospective study
is to determine the rate of thromboembolism when 4F-PCC is used for the emergent reversal of factor Xa inhibitors.
Methods: We conducted a single-center retrospective review of medical records between 2013 and 2017. Patients
were included if they received 4F-PCC to reverse rivaroxaban, apixaban, or edoxaban for emergent invasive procedures
or during episodes of major bleeding defined as bleeding with hemodynamic instability, fall in hemoglobin of 2 g/dL,
or bleeding requiring blood transfusion. Thrombotic events including myocardial infarction, pulmonary embolism,
deep vein thrombosis, cerebral vascular accident, and arterial thrombosis of the limb or mesentery were recorded if
they occurred within 14 days of 4F-PCC administration. Data was analyzed using point and interval estimation to
approximate the rate and confidence interval of thromboembolic events.
Results: Forty-three patients were identified in our review. Doses of 4F-PCC were determined by the treating
physician and mainly ranged from 25 to 50 IU/kg. Twenty-two patients (51.2%) received both sequential compression
devices (SCDs) and subcutaneous heparin for DVT prophylaxis. Twenty-one patients (48.8%) were placed on SCDs only.
Three patients received concomitant FFP. Thrombotic events within 14 days of 4F-PCC administration occurred in 1 out
of 43 patients (2.1%, 95% CI [0.1–12.3]). This thrombotic event was an upper extremity DVT which occurred 1 day after
the patient received 1325 IU (25 IU/kg) of 4F-PCC to reverse rivaroxaban for traumatic intracranial hemorrhage. The
patient was taken for emergent decompressive craniotomy after rivaroxaban reversal. In patients who did not undergo
surgery or who underwent minor invasive procedures, no thrombotic events were noted.
Conclusion: Based on our preliminary data, the thromboembolic rate of 4F-PCC when given at a dose of 25–50 IU/kg
to emergently reverse rivaroxaban and apixaban appears acceptable. Since many patients who require 4F-PCC to
emergently reverse factor Xa inhibitors will be at high risk of developing thrombotic events, practitioners should be
highly vigilant of these complications. Large, multicenter prospective trials are needed to further determine this risk.
Keywords: 4-factor prothrombin complex concentrates, Novel oral anticoagulant, Factor Xa inhibitor, Anticoagulation
reversal, Thromboembolism, Drug safety
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Background
For over five decades, warfarin has been the preferred
treatment for patients requiring long-term oral anticoagulation. In 2010, dabigatran, a direct thrombin inhibitor
and the first non-vitamin K antagonist oral anticoagulant,
was approved by the FDA for stroke prevention in patients
with non-valvular atrial fibrillation [1]. The first factor Xa
inhibitor, rivaroxaban, was approved for stroke prevention,
treatment of deep vein thrombosis (DVT), and pulmonary
embolism (PE) in 2011 [2]. Together, these direct oral anticoagulants (DOACs), which now include apixaban and
edoxaban, have increasingly become the drug of choice for
patients requiring chronic anticoagulation.
DOACs possess several advantages over warfarin, including more predicable pharmacokinetics, minimal food
and drug interactions, and lack of blood draws for drug
monitoring [3]. In addition, rivaroxaban was found to have
lower rates of both intracranial and fatal bleeding, while
apixaban proved more effective in stroke prevention and
lowered mortality [4, 5].
Despite these benefits, DOAC reversal has proven difficult. In 2015, idarucizumab was approved by the FDA
for the reversal of direct thrombin inhibitor dabigatran.
However, reversal of factor Xa inhibitors remains challenging due a lack of specific antidote. The use of fresh
frozen plasma (FFP) has so far not been studied. Current
expert opinion recommends against its use as it may not
be sufficient to overcome the effect of the anticoagulant
drug [6–8]. Recombinant factor VIIa (rFVIIa) has been
effective in some small studies using animals and
humans, but results are conflicting [9–13]. Four-factor
prothrombin complex concentrate (4F-PCC), although
not FDA approved for factor Xa inhibitor reversal, appears to show the most promise. In animals treated with
factor Xa inhibitors, 4F-PCC improved coagulation profile, decreased blood loss, and normalized bleeding time
[9, 10]. In humans, data is more limited, but also supports the use of 4F-PCC. In a randomized trial by Eerenberg et al., 4F-PCC corrected endogenous thrombin
potential and prothrombin time in healthy volunteers
treated with a single dose of rivaroxaban [14]. Similarly,
Schultz el al. found that 4F-PCC improved thrombin
generation and clotting time when given to patients on
chronic rivaroxaban therapy [13].
4F-PCC safety, unlike its efficacy, has so far only been
studied in vitamin K antagonist reversal. Given the high
levels of coagulation factors contained in 4F-PCC and the
underlying pro-thrombotic conditions for which DOACs
are typically prescribed, the thrombotic risk associated with
4F-PCC use is of obvious concern. The purpose of this
pilot study is to determine the rate of thromboembolic
events in patients who received 4F-PCC for the reversal of
factor Xa inhibitors during episodes of major bleeding or
need of emergent surgery or invasive procedure.
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Methods
Study design

We conducted a retrospective review of medical records
between January 2013 and May 2017 at Yale-New Haven
Hospital, a tertiary care hospital and level 1 trauma center. The project received approval from the hospital’s Institutional Review Board, and patients were identified
using an inpatient pharmacy database. Patients were included in this review if they received 4F-PCC for the
purpose of reversing rivaroxaban, apixaban, or edoxaban
for emergency surgery or invasive procedures, or during
episodes of major bleeding defined as bleeding with
hemodynamic instability, fall in hemoglobin of 2 g/dL,
or bleeding requiring blood transfusion. Patients were
excluded if they received 4F-PCC for purposes other
than reversing factor Xa inhibitors or if they were under
18 years of age. 4F-PCC used at our institution is Kcentra® (CSL, Bering).
Two anesthesiologists independently completed chart
reviews of included patients from an electronic medical
record (EMR) using a standardized data abstraction
form. Parameters extracted from each patient’s EMR included age, gender, weight, past medical history, indication for oral anticoagulation, dose of anticoagulant prior
to admission, cause of major bleeding or reason for
anticoagulation reversal, time and dose of 4F-PCC administered, surgical or procedural interventions performed, and deep vein thrombosis prophylaxis used
during admission. Thrombotic events including acute
deep vein thrombosis, pulmonary embolism, myocardial
infarction or acute coronary syndrome, transient ischemic stroke, cerebral vascular accidents, and arterial
thrombosis of limb or mesentery were also recorded.
Previous studies on the efficacy of 4F-PCC for oral
anticoagulation reversal have used various time periods
to report thrombotic events related to 4F-PCC, ranging
from 7 days to hospital discharge to death [15–18]. Rationale for using a specific time frame was not mentioned in these studies.
In our study, we considered thrombotic events to be a
potential complication of 4F-PCC if they occurred
within 14 days of drug administration. We chose 14 days
based on pharmacokinetics of the coagulation factors
contained in 4F-PCC. After single administration, first
pass pharmacokinetics dictate that 50% of a drug will remain after one half-life, 25% after two half-lives, 12.5%
after three half-lives, 6.25% after four half-lives, and
3.125% after five half-lives. Coagulation factors contained within 4F-PCC have various half-lives, with factor
II having the longest half-life of 60 h [19]. Factor II level
is also thought to be highly associated with thrombotic
events [20, 21]. Per first order pharmacokinetics, after
336 h or 14 days, exogenous factor II should theoretically have undergone five half-lives elimination and be
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minimally present in plasma. Thrombotic events occurring after this period would therefore be unlikely the result of 4F-PCC and more likely due to other factors such
as underlying medical conditions, immobility, or lack of
thrombotic prophylaxis.
Data were de-identified and stored in a simple database. To ensure fidelity of data abstraction, all of the included charts were analyzed by both reviewers, with
inter-observer agreement found to be congruent on all
data fields.
Statistical analysis

Data was analyzed using point and interval estimation to
approximate the rate and confidence interval of thromboembolic events in the general population from our sample
size. A breakdown of this study’s thrombotic events was
reported in a descriptive fashion.

Results
A total of 43 patients received 4F-PCC for emergent rivaroxaban or apixaban reversal at our institution between
January 2013 and May 2017. We did not find any subjects who required emergent reversal of edoxaban. An
additional 21 patients were also identified as having received 4F-PCC for factor Xa inhibitor reversal. However,
these patients received a single non-weight-based dose
of 50 IU. Because the recommended dose of 4F-PCC for
factor Xa inhibitor reversal is 50 IU/kg, a dose of 50 IU
would be considered extremely low and not likely contribute to thrombotic development [22]. As a result, we
did not include these patients in our analysis. Subject
demographics, medical history, and clinical events are
summarized in Table 1.
The median age at time of 4F-PCC administration was
74 (range 20–94). 53.5% of the patients were men. The
indications for anticoagulation with factor Xa inhibitors
were as follows: history of atrial fibrillation (n = 30,
69.8%), DVT/PE (n = 9, 20.9%), both atrial fibrillation
and DVT/PE (n = 3, 7%), and lower extremity venous bypass graft (n = 1, 2.3%). Twenty-two of the 43 patients
(51.2%) were on apixaban therapy at the time of 4F-PCC
administration. Twenty-one patients (48.8%) were on
rivaroxaban. Conditions requiring anticoagulation reversal were mainly gastrointestinal (GI) bleeding (n = 17,
39.5%), non-traumatic intracranial hemorrhage (n = 9,
20.9%), traumatic intracranial hemorrhage (n = 7, 16.3%),
and traumatic injuries (n = 5, 14.0%). Thirty of the 43 patients (69.8%) underwent an invasive procedure after receiving 4F-PCC. The most common invasive procedures
were GI endoscopies, including both esophagogastroduodenoscopy (EGD) and colonoscopy, performed in 16
patients (37.2%).
Doses of 4F-PCC used to reverse factor Xa inhibitors
were variable and chosen at the discretion of the treating
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Table 1 Demographics
Demographics

n (%)

Total patients

43

Median age (year)

74

Gender
Male

23 (53.5)

Female

20 (46.5)

Anticoagulation
Rivaroxaban

21 (48.8)

Apixaban

22 (51.2)

Edoxaban

0

Indication for anticoagulation
Atrial fibrillation

30 (69.8)

DVT/PE

9 (20.9)

Atrial fibrillation and DVT/PE

3 (7.0)

Lower extremity venous bypass graft

1 (2.3)

Indication for anticoagulation reversal
Gastrointestinal bleeding

17 (39.5)

Intracranial hemorrhage—non-traumatic

9 (20.9)

Intracranial hemorrhage—traumatic

7 (16.3)

Trauma

5 (14.0)

Other

5 (11.6)

Invasive procedure after 4F-PCC administration

30 (69.8)

Gastrointestinal endoscopies

16 (37.2)

Interventional radiology embolization/coiling

3 (7.0)

Craniotomy

3 (7.0)

Orthopedic

3 (7.0)

Other

5 (11.6)

physician (Table 2). Twenty-two of the 43 patients
(51.2%) received 25 IU/kg, 4 patients (9.3%) received
25–50 IU/kg, 16 patients (37.2%) received 50 IU/kg, and
1 patient (2.3%) received over 50 IU/kg. The rationale
behind the dose selection was not apparent through our
review of medical records. Three patients (6.9%) received
concurrent FFP.
The hemostatic efficacy of 4F-PCC was determined by
the treating physician based on clinical measures. These
included patient hemodynamics, trend of hemoglobin
and hematocrit, and active bleeding as seen on imaging
or invasive procedures. Of the 43 patients in the study,
Table 2 Dose of 4F-PCC used for factor Xa inhibitor reversal
Dose of 4F-PCC

n (%)

25 U/kg

22 (51.2)

25–50 U/kg

4 (9.3)

50 U/kg

16 (37.2)

> 50 U/kg

1 (2.3)
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only three patients (6.9%) continued to have active
bleeding after receiving 4F-PCC. Two of these three patients subsequently died as a result of hemorrhage, while
one required surgery to achieve hemostasis.
Coagulation tests were obtained for all 43 patients
prior to 4F-PCC administration. Ten patients (23.3%)
had elevated prothrombin time (PT) and international
normalizing ratio (INR) when the hemorrhage occurred.
Five (50%) of these patients were on rivaroxaban and five
(50%) on apixaban. PT/INR returned to normal limits
after 4F-PCC administration in six of the ten patients
(60%). PT/INR improved but not to normal limits in
two of the ten patients (20%). Two patients (20%) did
not have post-reversal PT/INR drawn. Factor Xa levels
were not drawn for any patients in our study. At the
time of this retrospective review, 21 of the 43 patients
(48.8%) were still alive.
Timing and type of DVT prophylaxis used during the
hospital admission also varied (Table 3). Twenty-one patients (48.8%) were given only sequential compression
devices (SCDs) for DVT prophylaxis. Twenty-two of the
43 patients (51.2%) received both subcutaneous heparin
and SCDs for DVT prophylaxis during hospital admission. Of these 22 patients, 12 patients (27.9%) were
started on subcutaneous heparin within 48 h of 4F-PCC
administration.
Thromboembolic events within 14 days of receiving
4F-PCC occurred in 1 out of 43 patients (2.1%, 95% CI
[0.1–12.3]) (Table 4). The thrombotic event was an acute
upper extremity DVT which occurred in a 20-year-old male
who received 4F-PCC to reverse rivaroxaban in the setting
of intracranial hemorrhage. The patient was admitted for
headache after sustaining a mechanical fall. Subsequent
radiographic imaging showed a large intra-parenchymal
hemorrhage with midline shift. His mental status at that
time was somnolent but appropriate. One thousand three
hundred twenty-five units (25 IU/kg) of 4F-PCC was given
approximately 4.5 h after his last dose of oral anticoagulation. He was subsequently taken for emergent decompressive craniotomy. The patient’s DVT occurred on
post-operative day 1, with the patient on both SCDs and
subcutaneous heparin for DVT prophylaxis. He did not receive any concurrent FFP during this event. This patient
Table 3 Timing and type of DVT prophylaxis after 4F-PCC
administration
DVT prophylaxis

n (%)

Sequential compression device only

21 (48.8)

Subcutaneous heparin and sequential compression device

22 (51.2)

Subcutaneous heparin started within 48 h of 4F-PCC
administration

12 (27.9)

Subcutaneous heparin started after 48 h of 4F-PCC
administration

10 (23.3)

Table 4 Thromboembolic events within 14 days of 4F-PCC
administration
Thromboembolic event

n (%)

Total

1 (2.3)

Deep vein thrombosis

1 (2.3)

Pulmonary embolism

0

Myocardial infarction

0

Cerebral vascular accident

0

Arterial thrombosis of limb

0

Arterial thrombosis of mesenteries

0

had been placed on rivaroxaban as an outpatient for history
of PE associated with traveling.
One other thrombotic event was identified in our
chart review. This event was a subsegmental PE
which occurred 3 months after the patient received
4F-PCC for apixaban-associated GI bleed. This patient
was not restarted on chronic anticoagulation after
hospital discharge.

Discussion
The use of DOACs has significantly increased in recent
years because of their favorable pharmacokinetic profile
and ease of use. Although idarucizumab has been developed for the reversal of dabigatran, no specific antidote
currently exists for factor Xa inhibitors. Two specific Xa
inhibitor reversal agents, andexanet alpha and ciraparantag, have shown promise in clinical trials but have yet to
gain FDA approval. Currently, 4F-PCC is considered the
treatment of choice for factor Xa inhibitor reversal. Animal studies using 4F-PCC to reverse rivaroxaban and
apixaban have shown general success in reducing blood
loss and bleeding time [9–11]. In humans, no clinical trials
currently exist on the efficacy of 4F-PCC during active
bleeding associated with factor Xa inhibitors. However, in
vitro and ex vivo studies in healthy volunteers treated with
factor Xa inhibitors found that 4F-PCC improved endogenous thrombin potential and thrombin concentration
[12–14, 23].
Evidence on 4F-PCC dosing for factor Xa inhibitor reversal also remains limited. When used to reverse warfarin, 4F-PCC is dosed by presenting INR. The 25 IU/kg
is given for INR 2 to less than 4, 35 IU/kg for INR 4 to
6, and 50 IU/kg for INR over 6 [24, 25]. However, INR
as well as active partial prothrombin time (aPTT) does
not correlate well with degree of anticoagulant effect induced by factor Xa inhibitors [18, 26–28]. PT may be
used to monitor rivaroxaban level, but results are highly
variable depending on the reagent used [28, 29].
To determine appropriate dosing of 4F-PCC for factor
Xa inhibitor reversal, a variety of doses ranging from 25
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to 100 IU/kg has been tested. Perzborn et al. found that
50 IU/kg of 4F-PCC decreased bleeding time in primates
treated with rivaroxaban [10]. The authors did not find
bleeding time reduction when 25 IU/kg was used. In
healthy human volunteers given rivaroxaban, Marlu et
al. found that 25 IU/kg of 4F-PCC fully corrected endogenous thrombin potential and partially corrected
peak thrombin concentration. The study also found that
50 IU/kg increased thrombin generation back to baseline
[12]. Similarly, Escolar et al. found that 50 IU/kg of
4F-PCC improved thrombin generation in healthy human subjects treated with apixaban [23]. The updated
European Heart Rhythm Association practical guideline
in 2017 recommends using 50 IU/kg if full factor Xa inhibitor reversal is desired [22].
Unlike efficacy and dosing, safety of 4F-PCC use in
anticoagulation reversal has only been studied in vitamin
K antagonists. When given for warfarin-related bleeding,
4F-PCC has a thrombotic risk ranging from 1.8 to 9.1%
[30–33]. The rate of thrombosis when it is used to treat
factor Xa inhibitors remains unclear.
Although some studies on 4F-PCC have noted their
own thrombotic events as part of safety reporting, ours
is the first to specifically examine this risk over time. We
found one case of thrombotic complications in our
retrospective review of 43 patients, with an overall rate
of 2.3%.
The thrombotic event occurred in a patient who carried
high risks of developing venous thrombosis in addition to
the underlying conditions for which they required chronic
anticoagulation. The patient was given 4F-PCC shortly before undergoing emergent decompressive craniotomy for
cerebral hemorrhage resulting from a fall. Since trauma
and major surgery are both major risk factors for developing venous thrombosis, 4F-PCC may have exacerbated
this hypercoagulable state [34].
We found no thrombotic complications in patients
who had not undergone major surgery or who underwent minor invasive procedures such as GI endoscopies.
We also found one other thrombotic event which occurred 3 months after 4F-PCC administration. We do
not believe this event was related to 4F-PCC administration since the drug would have been completely metabolized by that time. In addition, the patient who suffered
this late thrombotic event was also not restarted on
chronic anticoagulation therapy after hospital discharge.
Although the observed thrombotic rate of 2.3% in our
patients is notable, we believe it is an understandable
risk given the potential contributing factors. First, medical DVT prophylaxis with subcutaneous heparin was
not frequently used in our patients after 4F-PCC administration, likely out of concern for further bleeding. Only
half our study patients received subcutaneous heparin
during their hospital admission. The other half were only
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treated with SCDs. Second, patients who are required to
be on chronic anticoagulation, such as those with a history of atrial fibrillation and DVT, will have an inherently higher risk of thrombosis due to their underlying
medical condition.
Our study has several limitations. First, this is a
single-center retrospective chart review with a small sample size. Although we reviewed data from the past 5 years,
4F-PCC has only been recently recommended for DOAC
reversal [22, 35]. This is apparent in our study as 74% of
4F-PCC administration occurred in the last 2 years of the
review period. Second, thrombotic events other than DVT
and PE may not have been detected given a small sample
size from one institution. As such, the results of this pilot
study may not reflect the experiences of other medical
centers. Third, a large number of patients in our review
received 4F-PCC at a lower dose than what is recommended for full factor Xa inhibitor reversal. 51.2% of our
study patients received 25 IU/kg while 9.3% received 25–
50 IU/kg. Only 37.2% of patients received the recommended 50 IU/kg. Although 25 IU/kg has been shown to
provide incomplete reversal of factor Xa inhibitors and
would be a reasonable starting dose in patients with extremely high risk of thrombosis, this under-dosing may
have contributed to our observed low rate of thromboembolic events [12, 22].

Conclusion
Based on our preliminary data, the thrombotic rate of
4F-PCC when given at a dose of 25–50 IU/kg to emergently reverse rivaroxaban and apixaban appears acceptable. Because many patients who require 4F-PCC for
emergent factor Xa inhibitor reversal will be at high risk of
developing thrombosis, practitioners should be highly vigilant of these complications, especially in the immediate
period following 4F-PCC administration. Large, multicenter prospective studies are needed to further determine this
risk.
Abbreviations
4F-PCC: 4-factor prothrombin complex concentrate; aPTT: Activated partial
prothrombin time; DOAC: Direct oral anticoagulant; DVT: Deep vein
thrombosis; EGD: Esophagogastroduodenoscopy; EMR: Electronic medical
records; GI: Gastrointestinal; INR: International normalized ratio; PCC: Prothrombin
complex concentrate; PE: Pulmonary embolism; PT: Prothrombin time;
rFVIIa: Recombinant factor VIIa; SCD: Sequential compression device
Availability of data and materials
The authors declare that the data supporting the findings of this study are
available within the article.
Authors’ contributions
JT made major contributions to the conception and design of the study. JT
and EB analyzed and interpreted the patient data regarding the rate of
thromboembolism in patients who received anticoagulation reversal. JT and
EB were also major contributors in writing the manuscript. SA performed the
majority of intellectual editing and revision of the manuscript prior to
submission. All authors read and approved the final manuscript. All authors

Tao et al. Journal of Intensive Care (2018) 6:34

have agreed to be accountable for all aspects of the work. All authors
approve the order of authorship as listed in the manuscript.
Ethics approval and consent to participate
The authors confirm that any aspect of the work covered in this manuscript
has been conducted with the ethical approval from Yale New Haven
Hospital’s Institutional Review Board. Consent to participate was waived by
the Institutional Review Board as data collection was retrospective with
minimal risks to subjects.
Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Received: 29 January 2018 Accepted: 31 May 2018

References
1. Pradaxa® (dabigatran etexilate mesylate) package insert. Boehringer
Ingelheim. Pharmaceuticals, Inc. Ingelheim am Rhein, Germany.
2. Xarelto® (rivaroxaban) package insert. Janssen Pharmaceuticals, Inc. Beerse,
Belgium.
3. Mekaj YH, Mekaj AY, Duci SB, Miftari EI. New oral anticoagulants: their
advantages and disadvantages compared with vitamin K antagonists in the
prevention and treatment of patients with thromboembolic events. Ther
Clin Risk Manag. 2015;11:967–77.
4. Patel MR, Mahaffey KW, Garg J, et al. Rivaroxaban versus warfarin in
nonvalvular atrial fibrillation. N Engl J Med. 2011;365(10):883–91.
5. Granger CB, Alexander JH, McMurray JJ, et al. Apixaban versus warfarin in
patients with atrial fibrillation. N Engl J Med. 2011;365(11):981–92.
6. Akwaa F, Spyropoulos AC. Treatment of bleeding complications when using
oral anticoagulants for prevention of strokes. Curr Treat Options Cardiovasc
Med. 2013;15(3):288–98.
7. Crowther MA, Warkentin TE. Managing bleeding in anticoagulated patients
with a focus on novel therapeutic agents. J Thromb Haemost. 2009;7(Suppl
1):107–10.
8. Kaatz S, Kouides PA, Garcia DA, et al. Guidance on the emergent reversal of
oral thrombin and factor Xa inhibitors. Am J Hematol. 2012;87(Suppl 1):
S141–5.
9. Godier A, Miclot A, Le Bonniec B, et al. Evaluation of prothrombin complex
concentrate and recombinant activated factor VII to reverse rivaroxaban in a
rabbit model. Anesthesiology. 2012;116(1):94–102.
10. Perzborn E, Gruber A, Tinel H, et al. Reversal of rivaroxaban anticoagulation
by haemostatic agents in rats and primates. Thromb Haemost. 2013;110(1):
162–72.
11. Martin AC, Le Bonniec B, Fischer AM, et al. Evaluation of recombinant
activated factor VII, prothrombin complex concentrate, and fibrinogen
concentrate to reverse apixaban in a rabbit model of bleeding and
thrombosis. Int J Cardiol. 2013;168(4):4228–33.
12. Marlu R, Hodaj E, Paris A, et al. 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(2):217–24.
13. Schultz NH, Tran HTT, Bjørnsen S, Henriksson CE, Sandset PM, Holme PA.
The reversal effect of prothrombin complex concentrate (PCC), activated
PCC and recombinant activated factor VII against anticoagulation of Xa
inhibitor. Thromb J. 2017;15:6.
14. 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(14):1573–9.
15. van Aart L, Eijkhout HW, Kamphuis JS, et al. Individualized dosing regimen
for prothrombin complex concentrate more effective than standard
treatment in the reversal of oral anticoagulant therapy: an open,
prospective randomized controlled trial. Thromb Res. 2006;118(3):313–20.
16. Preston FE, Laidlaw ST, Sampson B, Kitchen S. Rapid reversal of oral
anticoagulation with warfarin by a prothrombin complex concentrate
(Beriplex): efficacy and safety in 42 patients. Br J Haematol. 2002;116(3):619–24.

Page 6 of 6

17. Rivosecchi RM, Durkin J, Okonkwo DO, Molyneaux BJ. Safety and efficacy of
warfarin reversal with four-factor prothrombin complex concentrate for
subtherapeutic INR in intracerebral hemorrhage. Neurocrit Care. 2016;25(3):
359–64.
18. Samama MM, Martinoli JL, LeFlem L, et al. Assessment of laboratory assays
to measure rivaroxaban—an oral, direct factor Xa inhibitor. Thromb
Haemost. 2010;103(4):815–25.
19. Ostermann H, Haertel S, Knaub S, Kalina U, Jung K, Pabinger I.
Pharmacokinetics of Beriplex P/N prothrombin complex concentrate in
healthy volunteers. Thromb Haemost. 2007;98(4):790–7.
20. Dielis AW, Castoldi E, Spronk HM, et al. Coagulation factors and the protein
C system as determinants of thrombin generation in a normal population. J
Thromb Haemost. 2008;6(1):125–31.
21. Xi M, Béguin S, Hemker HC. The relative importance of the factors II, VII, IX
and X for the prothrombinase activity in plasma of orally anticoagulated
patients. Thromb Haemost. 1989;62(2):788–91.
22. Heidbuchel H, Verhamme P, Alings M, et al. Updated European Heart
Rhythm Association practical guide on the use of non-vitamin-K antagonist
anticoagulants in patients with non-valvular atrial fibrillation: executive
summary. Eur Heart J. 2017;38(27):2137–49.
23. Escolar G, Fernandez-Gallego V, Arellano-Rodrigo E, et al. Reversal of
apixaban induced alterations in hemostasis by different coagulation factor
concentrates: significance of studies in vitro with circulating human blood.
PLoS One. 2013;8(11):e78696.
24. Goldstein JN, Refaai MA, Milling TJ, et al. Four-factor prothrombin complex
concentrate versus plasma for rapid vitamin K antagonist reversal in
patients needing urgent surgical or invasive interventions: a phase 3b,
open-label, non-inferiority, randomised trial. Lancet. 2015;385(9982):2077–87.
25. Sarode R, Milling TJ, Refaai MA, et al. Efficacy and safety of a 4-factor
prothrombin complex concentrate in patients on vitamin K antagonists
presenting with major bleeding: a randomized, plasma-controlled, phase IIIb
study. Circulation. 2013;128(11):1234–43.
26. Hillarp A, Baghaei F, Fagerberg Blixter I, et al. Effects of the oral, direct factor
Xa inhibitor rivaroxaban on commonly used coagulation assays. J Thromb
Haemost. 2011;9(1):133–9.
27. Molenaar PJ, Dinkelaar J, Leyte A. Measuring Rivaroxaban in a clinical
laboratory setting, using common coagulation assays, Xa inhibition and
thrombin generation. Clin Chem Lab Med. 2012;50(10):1799–807.
28. Baglin T, Keeling D, Kitchen S, Haematology BCfSi. Effects on routine
coagulation screens and assessment of anticoagulant intensity in patients
taking oral dabigatran or rivaroxaban: guidance from the British Committee
for Standards in Haematology. Br J Haematol. 2012;159(4):427–9.
29. Cuker A, Siegal DM, Crowther MA, Garcia DA. Laboratory measurement of
the anticoagulant activity of the non-vitamin K oral anticoagulants. J Am
Coll Cardiol. 2014;64(11):1128–39.
30. Dentali F, Marchesi C, Giorgi Pierfranceschi M, et al. Safety of prothrombin
complex concentrates for rapid anticoagulation reversal of vitamin K
antagonists. A meta-analysis. Thromb Haemost. 2011;106(3):429–38.
31. Milling TJ, Refaai MA, Sarode R, et al. Safety of a four-factor prothrombin
complex concentrate versus plasma for vitamin K antagonist reversal: an
integrated analysis of two phase IIIb clinical trials. Acad Emerg Med. 2016;
23(4):466–75.
32. Felton D, Foley EM, Traub SJ, Vodonos A, Ganetsky M. Risk of venous
thromboembolism after receiving prothrombin complex concentrate for
warfarin-associated intracranial hemorrhage. J Emerg Med. 2016;50(1):1–6.
33. Lankiewicz MW, Hays J, Friedman KD, Tinkoff G, Blatt PM. Urgent reversal of
warfarin with prothrombin complex concentrate. J Thromb Haemost. 2006;
4(5):967–70.
34. Cushman M. Epidemiology and risk factors for venous thrombosis. Semin
Hematol. 2007;44(2):62–9.
35. Ruff CT, Giugliano RP, Antman EM. Management of Bleeding with nonvitamin K antagonist oral anticoagulants in the era of specific reversal
agents. Circulation. 2016;134(3):248–61.

