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ABSTRACT
Objective: Prothrombin complex concentrate (PCC) prod-

ucts are emerging as alternative strategies for reversing anti-
coagulant pharmacotherapy. Factor eight inhibitor bypassing 
activity (FEIBA, or anti-inhibitor coagulant complex) is an 
activated PCC (aPCC). Although FEIBA is approved by the 
FDA to control spontaneous bleeding episodes and to prevent 
bleeding with surgical interventions in hemophilia A and he-
mophilia B patients with inhibitors to factor VIII, recent data 
have suggested that the product may be used off-label as an 
anticoagulant-reversal agent. To evaluate the safety and efficacy 
of aPCC products in reversing anticoagulant pharmacotherapy, 
we searched online databases for English-language publications 
that discussed this topic.

Data Sources: The EMBASE, MEDLINE, and International 
Pharmaceutical Abstracts databases were used. We evaluated 
all articles published in the English language identified from 
the data sources. We included studies conducted in human 
subjects and in in vitro and in vivo models in our review.

Results: Current published evidence suggests that the 
use of an aPCC, compared with fresh-frozen plasma, is associ-
ated with a significantly faster correction of supratherapeutic 
International Normalized Ratios (INRs) secondary to warfarin 
therapy. Conflicting evidence exists regarding the ability of 
aPCCs to reverse the prolonged bleeding times caused by the  
anticoagulant agents dabigatran etexilate (Pradaxa), rivaroxa-
ban (Xarelto), apixaban (Eliquis), and fondaparinux (Arixtra). 

Conclusion: The theoretical risks of thrombosis associated 
with PCC products must be carefully considered before they are 
administered to patients who require coagulation therapy. The 
use of aPCCs to reverse the anticoagulant effects of warfarin, 
dabigatran, or rivaroxaban should be limited because of the lack 
of efficacy and safety data in humans. Moreover, the safety of 
aPCCs in off-label indications has not been adequately assessed. 

Key words: FEIBA, activated PCC, hemorrhage, reversal, 
anticoagulation

INTRODUCTION
The management of life-threatening hemorrhaging in the 

presence of anticoagulant pharmacotherapy is complex. In 

the setting of therapy with vitamin K antagonists, the reversal 
of anticoagulant effects can be achieved by administering 
vitamin K and fresh-frozen plasma (FFP). However, vitamin 
K has a delayed onset of action in correcting the International 
Normalized Ratio (INR) and plays no role in reversing the 
anticoagulant effects of newer agents, such as the oral direct 
thrombin inhibitors or the oral direct factor Xa inhibitors.1–4 

Although FFP may be used, several factors make it less than the 
ideal agent for this purpose. The administration of FFP may be 
delayed because it must be ABO-matched to the patient’s blood 
and requires time for thawing before it is given. Typically, a 
large volume of FFP (15 mg/kg) is required for administration, 
which may lead to transfusion-associated cardiopulmonary 
overload and other infusion reactions, such as acute lung injury.5

Prothrombin complex concentrate (PCC) products are 
emerging as alternative strategies to FFP for reversing 
anticoagulant pharmacotherapy. The advantages of PCCs over 
FFP include no need for ABO matching or plasma thawing; 
further, a small volume can be given over a short period.4 In 
the U.S., three distinct classifications of PCC products are 
commercially available:6

•	three-factor PCC products contain three coagulation fac-
tors (II, IX, and X)

•	four-factor PCC products contain four coagulation factors 
(II, VII, IX and X)

•	activated PCC (aPCC) products contain four coagulation 
factors (in inactive and activated forms)

Currently, only one aPCC product is available in the U.S.— 
a freeze-dried sterile human plasma fraction with factor eight 
(VIII) inhibitor bypassing activity (FEIBA). The product is 
available as FEIBA NF (anti-inhibitor coagulant complex, nano-
filtered) and as FEIBA VH (anti-inhibitor coagulant complex, 
vapor-heated), both made by Baxter.7 FEIBA NF and VH are con-
sidered aPCC products because they contain mostly activated 
factor VII along with mainly non-activated factors II, IX, and X. 

Although FEIBA products are approved to control sponta-
neous bleeding episodes or to prevent bleeding with surgical 
interventions in hemophilia A and hemophilia B patients with 
inhibitors, data from several studies suggest that the product 
may be used in an off-label fashion as an anticoagulant-reversal 
agent.8-13 However, the efficacy and safety of FEIBA in off-label 
uses remain unsubstantiated.

METHODS
To evaluate the safety and efficacy of aPCCs in reversing 

anticoagulant pharmacotherapy, we searched the databases of 
EMBASE (1974–June 2012), MEDLINE (1966–June 2012), and 
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International Pharmaceutical Abstracts (1970–June 2012) for 
English-language publications that discussed this topic. Search 
terms included “aPCC,” “FEIBA,” “aPCC and anticoagulation,” 
“FEIBA and anticoagulation,” “aPCC and anticoagulation re-
versal,” and “FEIBA and anticoagulation reversal.” 

We limited the search to comparative studies of FEIBA and 
other reversal agents for anticoagulant therapies conducted in 
both in vitro and in vivo models. References cited in the identi-
fied publications were also reviewed for inclusion.

RESULTS
Activated PCCs Versus Fresh-Frozen Plasma  
In Warfarin-Induced Hemorrhage

 Wojciket et al. conducted a retrospective chart review of 141 
patients with life-threatening bleeding episodes associated with 
warfarin.8 Two groups of patients were analyzed. The first group 
included patients who received a standard institutional protocol  
for FFP (n = 69). Patients in the second group received a fixed-dose 
regimen of aPCC (FEIBA VH), depending on the INR value at 
presentation (n = 72). These patients received 500 units of aPCC 
if the initial INR value was below 5, or 1,000 units if the initial 
INR value was 5 or above. All patients who received aPCC were 
treated concomitantly with intravenous (IV) vitamin K 10 mg.

The rates of successful hemostasis (defined as patients who 
survived the bleeding episode) did not differ significantly  
between the two treatment arms (77.8% for aPCC/vitamin K 
vs. 88.2% for FFP; P = 0.545). Treatment with aPCC provided 
faster normalization of the INR to 1.4 or less and provided a 
lower INR value compared with FFP (50% vs. 33%, respectively; 
P = 0.017). However, there were no significant differences in 
length of hospital stay; both groups were hospitalized for a 
median period of 6 days (P = 0.521). Five patients in the aPCC 
group experienced adverse events that were possibly related 
to treatment, whereas only one adverse event (a mild hyper-
sensitivity reaction) occurred in the FFP group. 

Activated PCCs Versus Recombinant Factor VIIa and PCCs
Desmurs-Clavel et al. conducted an in vitro study of platelet-

rich blood pooled from six healthy volunteers.9 The blood was 
treated with fondaparinux (Arixtra, GlaxoSmithKline) at a 
concentration of 1.5 mcg/mL (equivalent to a therapeutic dose 
of 7.5 mg). This was followed by the addition of several reversal 
agents, recombinant factor VIIa (22.4, 45, and 90 mcg/kg); 
aPCC (10, 20, and 40 U/kg); and a four-factor PCC (Kaskadil, 
Laboratoire Francais du Fractionnement) (0.25, 0.5, and 1.0 U/
mL), to determine their effects on thrombin-generation time, 
based on the surrogate parameters of lag time, thrombin peak, 
and endogenous thrombin potential. 

Recombinant factor VIIa failed to demonstrate dose-depen-
dent reversal of the prolongation of thrombin-generation time 
induced by fondaparinux. By contrast, aPCC effectively reversed 
the prolongation of thrombin-generation time, thereby reversing 
the anticoagulation effect of fondaparinux, at a dose of 20 IU/kg 
(lag time, P = 0.04; endogenous thrombin potential, P = 0.0007). 

The effect of PCC on thrombin-generation time could not 
be determined. The authors speculated that PCC products 
such as Kaskadil, which contain heparin to reduce the risk of 
thrombogenicity, result in delayed thrombin generation and 
thus present difficulty in interpreting thrombin-generation time. 

Activated PCCs and New Oral Anticoagulant Therapies
By supplementing activated coagulation factor II (prothrom-

bin) and factor VIIa, aPCC products might be expected to 
overcome the competitive inhibition of thrombin by dabigatran 
(Pradaxa, Boehringer Ingelheim). Consistent with this theory, 
the hemostatic effects of aPCC are associated with its factor X and 
prothrombin content rather than with its factor VIIa activity.10 Few 
clinical trials, however, have tested this theory in human subjects.

In a mouse model, van Ryn et al. induced bleeding by admin-
istering high-dose dabigatran (1 µmol/kg bolus, followed by 
an 0.5-µmol/kg/hour infusion for 25 minutes).11 Recombinant 
factor VIIa (0.1 and 0.5 mg/kg) and aPCC (50 and 100 U/kg) 
were administered as reversal agents 20 minutes after the 
infusion was started.

Blood was sampled for activated partial thromboplastin time 
(aPTT) and bleeding time at the completion of the infusion. 
After dabigatran was given, aPTT and bleeding time increased 
to 58 ± 8 seconds and 1,455 ± 352 seconds, respectively. The 
effect of dabigatran on bleeding time was reduced to 186 ± 49 
seconds and 135 ± 13 seconds after administration of 0.1 mg/
kg or 0.5 mg/kg of recombinant factor VIIa, respectively.

Similarly, aPCC reduced bleeding time to 146 ± 11 seconds 
after administration of 50 U/kg, but it did not achieve the same 
reduction in bleeding time after a higher dose was given (i.e., 
174 ± 18 seconds after 100 U/kg was administered).

aPTT was reversed by recombinant factor VIIa in a dose-
dependent manner to 31 ± 1.9 seconds and 27 ± 2 seconds 
after administration of 0.1 mg/kg or 0.5 mg/kg, respectively. 
van Rhyn et al. commented that the dose-dependent effect on 
aPTT was not seen after administration; however, data were 
not provided.11

Perzborn et al. investigated the effects of reversal of riva-
roxaban (Xarelto, Janssen) using aPCC (FEIBA), four-factor 
PCC (Beriplex, CSL Behring), and recombinant factor VIIa 
(NovoSeven, Novo Nordisk) in anesthetized rats and primates.12 
After IV rivaroxaban 2 mg/kg was administered to anesthetized 
rats, one of the three reversal agents was administered: aPCC 
(50 or 100 U/kg), PCC (25 or 50 U/kg), or recombinant factor 
VIIa (100 or 400 mcg/kg).

A loading dose of 0.6 mg/kg of IV rivaroxaban was ad-
ministered to primates, followed by a continuous infusion of  
0.6 mg/kg/hour for 1 hour. One of two reversal agents was then 
given: aPCC (50 U/kg) or recombinant factor VIIa (210 U/kg). 
In the rat model, administration of high doses of these reversal 
agents significantly reduced bleeding times. Prolongation of 
prothrombin time (PT) was reduced after all three agents were 
given, but the effects were more pronounced with recombinant 
factor VIIa than with the other agents. 

Both high-dose aPCC and PCC significantly reversed inhi-
bition of thrombin generation in the rat model, but this was 
not observed with recombinant factor VIIa. In the primate 
model, administration of aPCC shortened the PT and effectively  
reversed inhibition of thrombin generation. However, although 
bleeding time did normalize at the completion of the infusion of 
aPCC, bleeding time increased relative to baseline 20 minutes 
after the infusion was completed. Recombinant factor VIIa 
reduced both bleeding time and PT, but it had no significant 
effects on reversing the inhibition of thrombin generation.

Marlu et al. conducted a study in 10 healthy volunteers who 
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were randomly assigned to receive dabigatran (150 mg) or 
rivaroxaban (20 mg), followed by a 2-week washout period.13 At 
that point, the volunteers received the alternative anticoagulant. 
Peak concentrations of both agents were evaluated 2 hours 
after administration. The investigators analyzed anticoagulation 
reversal with recombinant factor VIIa, aPCC, and four-factor 
PCC (Kanokad, LFB-Biomedicaments), given at varying doses. 
The coagulation parameters included ETP, lag time, and time 
to peak concentration of thrombin. 

Recombinant factor VIIa and aPCC corrected the altered lag 
time following dabigatran administration; however, four-factor 
PCC and aPCC increased ETP in a concentration-dependent 
manner. After rivaroxaban administration, higher doses of PCC 
had a more profound effect on endogenous thrombin potential 
compared with recombinant factor VIIa. aPCC corrected all 
coagulation parameters related to thrombin generation, even 
at its lowest dose. The lower doses of aPCC, one-quarter to 
one-half of a typical dose, appeared to have coagulation effects 
similar to that of the highest dose (80 U/kg). This suggests 
that lower doses of aPCC might be effective for the reversal 
of anticoagulant agents, with the potential added benefit of a 
reduced risk of thrombosis; however, more studies are needed 
to evaluate this possibility. 

To date, no published studies or case reports have evaluated 
the use of aPCC for the reversal of life-threatening hemorrhage 
secondary to apixaban (Eliquis, Pfizer/Bristol-Myers Squibb), 
approved December 2012. Similarly, no data are available com-
paring aPCC with Kcentra (CSL Behring), a four-factor PCC 
product approved by the FDA in April 2013.

DISCUSSION
Safety

Thrombotic complications, such as venous thromboem-
bolism, disseminated intravascular coagulation, myocardial 
infarction (MI), and pulmonary embolism, pose concerns and 
have been reported when PCC products are administered for 
anticoagulant reversal.14–21 When used for its FDA-approved 
indication (hemophilia), aPCC therapy is associated with from 
four to nine thrombotic events for every 100,000 infusions.21

aPCC and other PCC products are not intended to be used 
off-label as reversal agents for warfarin or dabigatran, nor 
have they been adequately assessed for appropriate dosing, 
efficacy, and safety in off-label situations. The off-label use of 
PCC products may be associated with an increased incidence 
of thrombotic events similar to that observed with recombi-
nant factor VIIa.22–24 Further research is needed to determine 
whether the benefit of using these products to stop potentially 
life-threatening bleeding outweighs the risk of thrombosis.

Because all patients taking oral anticoagulant medications 
have underlying risk factors for thrombosis, reversing the ac-
tion of these agents may place the patient at risk for thromboem-
bolic adverse events. A history of liver disease and high doses 
of a given PCC product have been associated with the greatest 
risk of thromboembolic adverse events.25 Moreover, the PCC 
products themselves carry an inherent risk of thrombosis. 
The prothrombin content of a given PCC product is a major 
determinant of its potential to generate excessive thrombin.26 
Repeated dosing may increase the risks of bleeding because of 
accumulation of prothrombin and thrombin resulting from their 

prolonged half-life, compared with other coagulation factors. 
It has been theorized that because aPCC has a high content 
of both prothrombin and thrombin compared with other PCC 
products, it might therefore pose a higher risk of thrombosis.27

In addition, the balance between procoagulant and anticoagu-
lant activity plays a large part in the potential for thrombosis 
with PCC products. Heparin or a combination of proteins C, 
S, and Z is found in FFP, as well as in some three-factor and 
four-factor PCC products, but not in aPCC.

Costs
Although the balance between therapeutic efficacy and 

safety are critical components in evaluating the use of these 
products, cost considerations cannot be overlooked. Based on 
the varied dosing strategies for recombinant factor VIIa, PCC, 
and aPCC products, it is difficult to estimate a typical cost per 
dose. However, evaluating the costs per unit, or per microgram 
in the case of recombinant factor VIIa, can help in evaluating 
therapeutic and cost comparisons based on individualized 
institutional protocols. 

Table 1 lists the average wholesale price (AWP) for available 
recombinant factor VIIa, PCC, and aPCC products in the U.S.28

BALANCING RISKS AND BENEFITS OF 
ANTICOAGULANT REVERSAL

Therapeutic anticoagulation must strike a fine balance 
between reducing hemorrhage and avoiding thrombosis. 
Emergent reversal of the antithrombotic effects of anticoagulant 
drugs is necessary when life-threatening hemorrhage occurs. 
However, no pharmacological agent has been developed that 
specifically reverses the anticoagulant effects of dabigatran 
and rivaroxaban. Therefore, agents traditionally used for the 
treatment of hemophilia A and B, including PCC products, have 
been recruited for this purpose.

Limited clinical data are available regarding the efficacy and 
safety of PCC products for reversing anticoagulant pharmaco-
therapy in human subjects. As reviewed in this article, the use 
of an activated PCC (aPCC) product (FEIBA) was associated 
with a significantly faster correction of supratherapeutic INRs 

Activated PCCs for Reversing Anticoagulant-Associated Coagulopathy

Table 1  Average Wholesale Prices of Available PCCs, 
Activated PCCs, and Recombinant Factor VIIa in the U.S.

Brand Name Product Content Type
Average Wholesale 

Price

Novoseven Recombinant factor VIIa $1.64/mcg

Novoseven RT Recombinant factor VIIa $2.06/mcg

FEIBA VH aPCC $2.17/IU

FEIBA NF aPCC $2.17/IU

Bebulin VH Three-factor PCC $1.14/IU

Profilnine SD Three-factor PCC $1.19/IU

Kcentra Four-factor PCC $2.17/IU

aPCC = activated prothrombin complex concentrate; FEIBA NF = factor 
eight inhibitor bypassing activity, nanofiltered; FEIBA VH = factor eight inhibi-
tor bypassing activity, vapor-heated; PCC = prothrombin complex concen-
trate; RT = recombinant; SD = solvent detergent.

Data from Red Book, June 14, 2013.28
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secondary to warfarin therapy compared with fresh-frozen 
plasma (FFP).8 Although no difference was found in mortality 
or hospital length of stay, five patients who were treated with 
aPCC experienced adverse events compared with none of the 
patients treated with FFP.

Although Wojcik et al. determined that none of the adverse 
events in the aPCC group were treatment-related, four out of 
five of these events were associated with thrombosis.8 However, 
the INR is a measure of factor deficiencies in the extrinsic and 
common coagulation pathways, encompassing factors II, V, VII 
and X rather than a measure of generation of prothrombin and 
thrombin. The INR is therefore sensitive to changes in concen-
tration of these factors, but it is particularly sensitive to factor 
VIIa concentrations.29 Thus, the INR is subject to change if fac-
tors are supplemented, as shown by a decrease in the INR, even 
though a correction of coagulopathy might not be achieved. It 
is therefore important to recognize that INR correction with 
any reversal agent is a surrogate marker, and future studies 
should focus on measuring thrombin generation and clinical 
outcomes such as in-hospital morbidity and mortality rates. 

Marlu et al. raised the question of whether the traditional 
dose of an aPCC product in reversing anticoagulation might be 
reduced without potentially increasing the risk of thrombosis.13 
The presence of prothrombin and activated coagulation factors 
in these agents and the absence of an anticoagulant warrant 
further evaluation of the safety of aPCC products for reversing 
the effects of anticoagulant agents.

CONCLUSION
The use of aPCC products for reversing the anticoagulant 

effects of dabigatran, rivaroxaban, and fondaparinux remains 
subject to further investigation. Conflicting preclinical evi-
dence exists regarding the ability of aPCC products to shorten 
bleeding times that are prolonged by anticoagulant agents. 
Furthermore, the safety of aPCC products for use in off-label in-
dications has not been adequately assessed in human subjects. 
Both the potential benefits, as well as the theoretical risks of 
thrombosis in human subjects, and the cost of these products 
themselves must be carefully considered. 

Although conventional therapies to reverse the anticoagulant 
effects of warfarin are still used, novel agents will be needed as 
anticoagulant pharmacotherapy continues to evolve. 
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