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          Introduction 

 Anticoagulation is used to prevent  thromboembo-
lism   following orthopedic surgery, in patients with 
atrial fi brillation and to treat acute venous throm-
boembolism. Short-term anticoagulation has tradi-
tionally been provided by the administration of 
heparin (or low molecular weight heparin), while 
long-term anticoagulation has been achieved 
through the administration of a vitamin K antago-
nist such as warfarin. Both heparin and warfarin 
produce their anticoagulant effects through the 
inhibition of multiple  coagulation    factors. Heparin, 
by binding to antithrombin, inhibits thrombin, fac-
tor Xa, factor IXa and, to a lesser extent, other 
intrinsic pathway factors while warfarin, by antag-
onizing vitamin K, prevents the formation of active 
forms of coagulation factors II, VII, IX, and X. 

 In recent years, several  target-specifi c oral 
anticoagulants (TSOAC)   have been introduced 
to clinical practice as alternatives to the use of 
warfarin. These drugs include the factor Xa 
inhibitors apixaban (Eliquis, Bristol-Myers 
Squibb, Princeton, NJ-Pfi zer, New York, NY), 
rivaroxaban (Xarelto, Bayer Healthcare, 

Leverkusen, Germany), and edoxaban (Savaysa, 
Daiichi Sankyo, Tokyo, Japan) and the thrombin 
inhibitor dabigatran etexilate mesylate (Pradaxa, 
Boehringer- Ingelheim, Ridgefi eld, CT). Another 
factor Xa inhibitor, betrixaban (Portola, South 
San Francisco, CA), is in development. These 
target- specifi c oral anticoagulants offer advan-
tages over warfarin in that their onset of action is 
much faster, typically ranging from 1 to 4 h post-
dose, the half-life of drug action is shorter, rang-
ing from 5 to 9 h for  rivaroxaban   to approximately 
13 h for dabigatran and no food or drug interac-
tions have been reported. These properties trans-
late clinically into more reliable plasma drug 
concentrations that do not need to be routinely 
monitored. These agents have shown favorable 
effi cacy profi les in comparison to standard war-
farin therapy in a variety of clinical conditions 
including the prevention of stroke in patients 
with non-valvular atrial fi brillation. 

 The major side-effect associated with the use 
of anticoagulation is an increase in the occur-
rence or intensity of bleeding that can range from 
nuisance value to life threatening. Such enhanced 
bleeding can occur in response to injury or 
trauma; or when anticoagulation is  suprathera-
peutic bleeding   can occur spontaneously. 
Although clinical trials have shown that the 
safety of these new drugs in terms of the inci-
dence of major hemorrhage is similar or better 
than that observed with conventional therapies, 
major hemorrhage can still occur. 
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 Increased levels of anticoagulation with war-
farin, as measured by an  International Normalized 
Ratio (INR)   greater than 4.0, are associated with 
an increased risk of developing an  intracerebral 
hemorrhage (ICH)   [ 1 ] and warfarinized patients 
have an increased risk of hematoma expansion 
compared to patients with ICH who are not anti-
coagulated [ 2 ]. It is estimated that approximately 
50 % of warfarin-treated ICH patients will expe-
rience hematoma expansion and of these, nearly 
half will experience a fatal outcome. 

 Each of the target-specifi c oral anticoagulants 
has been tested versus warfarin for their ability to 
prevent stroke and/or systemic embolism in 
patients with atrial fi brillation. In each study, the 
tested dose of TSOAC was associated with a 
lower rate of ICH compared to warfarin. In the 
RE-LY study, intracranial hemorrhage was 
observed in 0.32 %/year of patients treated with 
dabigatran compared to 0.76 %/year in warfarin- 
treated patients [ 3 ]. In the ROCKET-AF study, 
the rates of ICH were 0.8 and 1.2 %/year, respec-
tively, for rivaroxaban and warfarin-treated 
patients [ 4 ]. In the ARISTOTLE study, the rates 
of ICH were 0.33 and 0.8 %/year, respectively, 
for apixaban and warfarin-treated patients [ 5 ]. In 
the ENGAGE-AF study, the rates of ICH were 
0.39 and 0.85 %/year, respectively, for edoxaban 
and warfarin-treated patients [ 6 ]. 

 To minimize the chances of  hematoma expan-
sion  , it is necessary to reverse the anticoagula-
tion. Lowering the INR to ≤1.3 within 2 h has 
been shown to have benefi cial preventative 
effects on hematoma expansion. While anticoag-
ulation due to warfarin can be reversed by the 
administration of vitamin K, this effect takes 
some time as new coagulation factors are being 
synthesized. In cases where emergent reversal is 
necessary, the administration of prothrombin 
complex concentrates to replace active coagula-
tion factors can be used. 

  Agent-specifi c   or mechanism-specifi c rever-
sal agents are not currently available for the 
target- specifi c oral anticoagulants leading to con-
cern about what can be done in cases of overdose 
or in medical emergencies. A variety of 
approaches to reverse anticoagulant activity or 

hemorrhage have been tested using in vitro sys-
tems, ex vivo using blood samples from antico-
agulated subjects, and in vivo using animal 
models and healthy individuals.  

    Activated  Charcoal   

 In cases of purposeful or accidental overdose, or 
when an adverse event occurs shortly after 
TSOAC administration, it may be desirable to 
prevent the anticoagulant from reaching the 
circulation. In an in vitro study, addition of 
 activated charcoal  to solutions of dabigatran 
resulted in a reduction in the concentration of 
free dabigatran in solution [ 7 ], suggesting that 
administration of activated charcoal may be 
effective in preventing dabigatran absorption in 
the case of overdose. Although reports of its 
effectiveness in patients are not available, the 
administration of activated charcoal has been 
recommended for treatment of TSOAC overdose, 
if the anticoagulant was administered within the 
previous 2–3 h.  

    Hemodialysis 

 Dialysis can be used to remove excess concen-
trations of some drugs from the circulation. 
While this would be ineffective for reducing cir-
culating plasma concentrations of rivaroxaban 
and apixaban, owing to their high levels of pro-
tein binding (95 and 87 %, respectively), there is 
some evidence to suggest its benefi t  for   remov-
ing dabigatran, which exhibits a much lower 
level of protein binding. In patients with ESRD 
given a single 50 mg dose of dabigatran, hemo-
dialysis was shown to reduce plasma dabigatran 
concentrations by 60–70 % after 2–4 h of dialy-
sis [ 8 ]. Similar reductions was observed follow-
ing high- fl ux intermittent dialysis in a series of 
patients receiving the standard twice daily 
150 mg dose of dabigatran who were admitted to 
hospital due to life-threatening bleeding [ 9 ]. 
Mean clearance of dabigatran  by   veno-venous 
hemodiafi ltration in a patient presenting with 
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dabigatran overdose was estimated to be 
32–58 ml/h [ 10 ]. A concern with using dialysis 
to remove dabigatran is the  potential for dabiga-
tran levels to rebound after completion of dialy-
sis as drug redistributes to the plasma 
compartment. This has led to a recommendation 
to use prolonged intermittent dialysis or inter-
mittent dialysis followed by continuous renal 
replacement therapy.  

     Nonspecifi c Reversal Agents   

 Since the TSOACs do not yet have specifi c rever-
sal agents, reversal of their activity has focused 
on the off-label use of  prothrombin complex con-
centrates ( PCC )   as factor replacement therapy 
and the use of pro-hemostatic agents such as 
rFVIIa in a variety of experimental paradigms. 
PCCs are a family of human plasma-derived 
products that have been used to treat hemophilia 
and more recently for warfarin reversal. PCCs 
contain varying amounts of coagulation factors 
and are divided into the categories of three factor 
products (containing factors II, IX and X), four 
factor products (containing factors II, VII, IX, 
and X) and activated PCC (containing factors II, 
VIIa, IX and X). In addition to having varying 
relative levels of these factors, some products 
may also contain anticoagulant substances such 
as Protein C, Protein S, Protein Z, antithrombin, 
or added heparin.  Recombinant    FVIIa    
(NovoSeven, Novo Nordisk, Bagsvaerd, 
Denmark) is used clinically to treat and prevent 
bleeding in hemophilic patients and has also been 
tested as a potential reversing agent for target- 
specifi c oral anticoagulants. 

 Evidence to demonstrate that nonspecifi c 
reversal agents can reverse anticoagulation pro-
duced by TSOACs exists on several levels. In the 
simplest system, addition of activated PCC to 
dabigatran- and rivaroxaban-supplemented plas-
mas has been shown to reverse the inhibition of 
thrombin generation.     Supplementation   of acti-
vated PCC was also shown to be more effective 
than PCC or rFVIIa at reversing apixaban- 
induced alterations in thrombin generation and 
fi brin clot structure [ 11 ]. 

    Animal Studies 

 Animal models that are utilized to assess the rela-
tive hemorrhagic potential of anticoagulant drugs 
involve making a standardized wound in treated 
animals and measuring the bleeding time or 
quantitating the amount of blood lost. Such mod-
els have been applied to the question of how to 
reverse TSOAC-induced bleeding. In a mouse 
tail transection model, aPCC or a combination of 
PCC + rFVIIa shortened the dabigatran-induced 
prolongation of bleeding time, but did not reduce 
the total amount of blood lost [ 12 ]. Similarly, in 
rats, dabigatran etexilate resulted in a prolonga-
tion of bleeding time that was reversed by the 
subsequent administration of three factor PCCs, 
four factor PCCs, activated PCC and rFVIIa [ 13 , 
 14 ]. FVIIa effectively reduced rivaroxaban- 
induced bleeding time but not blood loss in a rab-
bit model [ 15 ]. Four-factor PCC has been shown 
to be effective in reducing bleeding following 
liver laceration in dabigatran-treated animals and 
following kidney laceration in rivaroxaban- 
treated animals [ 16 ]. Animal studies have also 
pointed out that stoppage of bleeding following 
administration of PCC  or   rFVIIa did not neces-
sarily correlate with a complete reversal of 
plasma clotting time prolongation. 

 Intracerebral hemorrhage has been modeled in 
mice by intrastriatal injection of collagenase. In 
this model, anticoagulation with either rivaroxa-
ban or dabigatran increased the hematoma vol-
ume compared to that seen in non-anticoagulated 
mice [ 17 ,  18 ]. In rivaroxaban-treated mice, PCC, 
rFVIIa, and fresh frozen plasma administered 
30 min after collagenase treatment prevented 
excess intracerebral hematoma formation. In 
dabigatran-treated animals, PCC was more effec-
tive than fresh frozen plasma and rFVIIa was 
observed to be ineffective at preventing hema-
toma expansion.  

    Humans: Healthy Volunteers 

 Several studies using  healthy human volunteers   
have been carried out which demonstrate the 
ability of PCCs or rFVIIa to reverse  anticoagulant 

4 Reversal of Target-Specifi c Oral Anticoagulants



50

effects of dabigatran and rivaroxaban. In one 
study, blood samples were drawn from volun-
teers 2 h after they had received a single dose 
of either rivaroxaban or dabigatran [ 19 ]. 
Rivaroxaban was observed to prolong the time 
until initiation of thrombin generation and reduce 
the total amount of thrombin formed while dabi-
gatran only prolonged the time until thrombin 
generation began. Supplementation of activated 
PCC or rFVIIa to the plasma samples normalized 
the lag time to thrombin generation initiation. 
Supplementation of either four-factor or acti-
vated PCC normalized the amount of thrombin 
generated. 

 In a randomized double-blind placebo con-
trolled study in 12 healthy volunteers, repeated 
dosing of rivaroxaban or dabigatran prolonged 
clotting time and inhibited thrombin generation 
[ 20 ]. Following the fi fth dose of anticoagulant, a 
single bolus dose (50 IU/kg) of a four-factor 
PCC was infused over 15 min. Serial blood sam-
ples were collected to measure a variety of 
coagulation parameters. Rivaroxaban signifi -
cantly prolonged the prothrombin time and 
inhibited thrombin generation. Both effects 
were rapidly reversed upon administration of 
PCC. The anticoagulant effect of dabigatran was 
observed as prolongations of the aPTT, throm-
bin time and ecarin clotting time. Administration 
of four- factor PCC did not reverse any of the 
prolongations of clotting time. Administration 
of a lower dose of PCC (37.4 IU/kg) was subse-
quently shown to signifi cantly increase throm-
bin generation in healthy volunteers treated with 
rivaroxaban [ 21 ]. 

 One study has been carried out in healthy vol-
unteers using bleeding as an endpoint [ 22 ]. In 
this randomized, double-blind, placebo con-
trolled phase I study, volunteers were anticoagu-
lated with a single oral dose of the factor Xa 
inhibitor edoxaban followed 2 h later by an infu-
sion of one of three doses of four-factor PCC. 
   Thirty minutes after completion of PCC infu-
sion, a punch biopsy was performed. Four-factor 
PCC dose-dependently reversed the effects of 

edoxaban on bleeding duration, bleeding vol-
ume, thrombin generation and prothrombin time 
with a complete reversal of the prolongation of 
bleeding duration, the increase in bleeding vol-
ume, and the inhibition of thrombin generation 
observed at the highest dose of PCC tested 
(50 IU/kg).  

    Humans: Case Reports 

 Currently lacking in the literature are clinical 
studies to demonstrate the effectiveness of 
PCCs or rFVIIa to reverse hemorrhagic effects 
in patients treated with TSOACs. A variety of 
case studies, however, have been reported, 
which demonstrate variable effectiveness of the 
reversal therapies. The usefulness of aPCC 
(administered at doses ranging from 42 to 
100 IU/kg) or PCC (2000 IU) to treat patients 
with potentially life-threatening bleeding 
brought about by dabigatran administration has 
been suggested [ 23 ,  24 ].  

     Guidelines   

 With a lack of clinical trial data to guide the 
usage of nonspecifi c reversal agents, a number 
of authors and professional societies have 
developed algorithms for dealing with bleeding 
brought on by the use of TSOACs [ 25 – 28 ]. 
Each of these strategies incorporates risk strati-
fi cation to target the appropriate intervention. 
For minor to moderate bleeding, these guide-
lines suggest stopping anticoagulation if the 
perceived benefi t of stopping outweighs the risk 
of continuing and using local compression and 
transfusion of blood components as necessary. 
Treatment with nonspecifi c prohemostatic 
agents (PCCs and rFVIIa) or removal of the 
drug by the administration of activated charcoal 
or the use of hemodialysis should be reserved 
for those patients with severe  or   life-threatening 
bleeding.   
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    Future Agents 

 Efforts are being made to develop agents that will 
prevent TSOACs from expressing anticoagulant 
activity rather than trying to overcome the anti-
coagulation as is done with the PCCs and rFVIIa. 
Several more specifi c antagonists are currently 
under development. One of these is a modifi ed 
form of factor Xa (PRT064445;  Andexanet alfa ; 
Portola Pharmaceuticals) which is catalytically 
inactive due to a mutation of the serine residue at 
the active site and also lacks a membrane- binding 
γ-carboxyglutamic acid domain [ 29 ]. This factor 
Xa variant retains its ability to bind to factor Xa 
inhibitors and acts as a decoy by binding direct 
Factor Xa inhibitors or heparin-activated anti-
thrombin and allowing native factor Xa to express 
its hemostatic function. 

    Andexanet alfa 

 In in vitro assays, supplementation of andex-
anet alfa was shown to inhibit anti-factor Xa 
activity induced by a variety of direct factor Xa 
inhibitors. Administration of  andexanet alfa   to 
animals anticoagulated with direct factor Xa 
inhibitors (betrixaban, rivaroxaban, apixaban) or 
antithrombin-dependent factor Xa inhibitors 
(enoxaparin, fondaparinux) was shown to 
reverse the anticoagulant effects measured 
ex vivo, and to reduce blood loss caused by stan-
dardized wounds. 

 Phase III, randomized, double-blind, placebo 
controlled trials are being conducted to assess 
the ability of andexanet alfa to reverse antico-
agulation with rivaroxaban (ANNEXA-R study) 
or apixaban (ANNEXA-A study). The primary 
outcome for these studies is the reversal of anti-
coagulation as assessed by the percent change in 
anti-Factor Xa activity from baseline to nadir, 
with secondary endpoints being plasma levels of 
unbound rivaroxaban or apixaban and the change 
in thrombin generation. Both  studies    have 
shown the effectiveness of a single bolus of 
andexanet alfa to rapidly and signifi cantly 

reverse anticoagulant activity. An additional arm 
in each study to evaluate bolus plus infusion 
dosing of andexanet alfa are ongoing. A phase 4 
open-label study in patients anticoagulated with 
apixaban, rivaroxaban or enoxaparin who pres-
ent with an acute major bleed is being initiated.  

    Idarucizumab 

  Idarucizumab  (BI655075, Boehringer Ingelheim) 
is a humanized antibody fragment that is being 
developed as an antidote for dabigatran. This anti-
body fragment has been shown to reverse dabiga-
tran-induced anticoagulant  activity   when added 
in vitro to dabigatran- supplemented plasma and 
when infused to dabigatran anticoagulated rats 
[ 30 ]. Correlating with this decrease in anticoagu-
lant activity was a decrease in rat tail bleeding 
time. Similarly in a porcine model of blunt hepatic 
trauma, anti- dabigatran Fab was shown to reverse 
dabigatran anticoagulation [ 31 ]. 

 A number of human studies using idaruci-
zumab to reverse dabigatran have been carried 
out or are ongoing. A phase 1 study has indicated 
that onset of action of idarucizumab can be 
detected immediately following a 5 min infusion. 
Administration of idarucizumab to dabigatran- 
treated healthy volunteers restores wound site 
fi brin formation. Safety, tolerability and PK/PD 
of idarucizumab has been investigated in a ran-
domized double-blind, placebo-controlled cross 
over study in healthy subjects and patients with 
mild/moderate renal impairment who were 
treated with dabigatran (220 mg bid or 150 mg 
bid, respectively) for 4 days to achieve steady- 
state anticoagulation. Complete reversal of anti-
coagulation was observed at the end of the 
infusion period. The RE-VERSE AD trial (NCT 
02104947), a Phase 3 case series clinical study, 
will determine the effectiveness of idarucizumab 
to reverse anticoagulation in dabigatran-treated 
patients who present with uncontrolled bleeding 
or who require emergency surgery or procedures. 
The primary endpoint is the maximum reversal 
of anticoagulant effect measured by dilute 
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 thrombin time or ecarin clotting time within 4 h 
of infusion. Secondary endpoints include reversal 
of other anticoagulant parameters, the occur-
rence of intraoperative or 24 h postoperative 
major bleeding in patients undergoing surgery 
 and   the time to cessation of bleeding in patients 
presenting with overt hemorrhage. The study is 
expected to be completed in early 2017. 1   

    Per977 

  Per977  (aripazine, Perosphere, Danbury, CT) is 
a synthetic, positively charged, small molecule 
that has been shown to bind with heparins and a 
wide variety of direct oral anticoagulants includ-
ing rivaroxaban, apixaban, dabigatran and edoxa-
ban via hydrogen bonding or charge-based 
interactions. When administered to animals anti-
coagulated with enoxaparin, dabigatran, rivarox-
aban or apixaban, PER977 was observed to 
inhibit anticoagulant activity as measured by a 
variety of assays (thromboelastography, aPTT, 
anti-Xa) and also reduce the amount of blood lost 
from standardized wounds. The ability of 
 PER977   to reverse the anticoagulant effect of 
edoxaban was tested in a phase I clinical study 
involving 80 healthy volunteers [ 32 ]. When 
PER977 (100 or 300 mg) was administered 3 h 
after edoxaban (60 mg), whole blood clotting 
time was reduced to within 10 % of baseline 
within 10 min. A phase 2 study to evaluate the 
impact of PER977 treatment on re- anticoagulation 
with edoxaban is ongoing.   

    Summary 

 The TSOACs provide interesting alternatives to 
the use of the conventional anticoagulants hepa-
rin and warfarin. While clinical studies have 
shown TSOACs to be at least comparable, and 
sometimes better, in effi cacy, they achieve this 
with some practical benefi ts including fi xed dos-

1   Editor’s note—Subsequent to the initial preparation of 
this chapter, Praxbind® (idarucizumab), was approved by 
the FDA in October 2015 for reversal of dabigatran effect. 

ing and no need for routine monitoring of drug 
levels. Although meta-analyses suggest a lower 
risk for bleeding with TSOAC therapy and simi-
lar levels of total bleeding, there will be times 
when it is desirable or necessary to reverse the 
anticoagulation produced by TSOACs such as 
with overdose, traumatic emergencies, or the 
need for urgent surgery. 

 Heparin and warfarin target multiple sites in 
the hemostatic cascade and offer the benefi t of 
specifi c antagonists—protamine for heparins and 
vitamin K for warfarin. For the time being, the 
pendulum has swung in the opposite direction in 
that while the newer oral anticoagulants are sin-
gle targeting, the means of reversing their activ-
ity has largely encompassed the off-label use of 
nonspecifi c pro-hemostatic agents such as PCCs 
and rFVIIa. 

 The usefulness of PCCs and rFVIIa at revers-
ing the anticoagulant and/or hemorrhagic effects 
of TSOAC treatment has been shown on a num-
ber of levels. Addition of PCCs to plasma that has 
been supplemented in vitro with TSOACs 
reverses the anticoagulant activity. Similar rever-
sals in anticoagulant activity have been observed 
when blood from animals or healthy humans, 
who have been anticoagulated with TSOACs, is 
supplemented ex vivo with PCCs or rFVIIa. The 
ability of nonspecifi c reversal agents to reduce 
hemorrhage has been shown in a variety of ani-
mal models that incorporate standardized wounds 
and in specifi c models of ICH. One important 
point to take away from these studies is that rever-
sal of the hemorrhagic effects does not necessar-
ily correlate with reversal of ex vivo anticoagulant 
activity. In that regard, the mechanism behind the 
PCC effect is not clear. Several possibilities have 
been suggested including an enhancement of pro-
thrombinase complex on the platelet surface and 
an increase in the velocity of thrombin generation 
[ 33 ]. A recent study has demonstrated differential 
effects of PCC, aPCC, and rFVIIa on clot struc-
ture and the rate of fi brin polymerization [ 11 ] 
which may explain some of the differences in the 
effectiveness of TSOAC reversal that have been 
observed in earlier studies. 

 Much less is known about the effectiveness of 
PCCs and rFVIIa in stopping bleeding in patients 
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treated with TSOACs. Here, the evidence is cur-
rently limited to case reports describing experi-
ence with a single patient or a small series of 
patients. Although guidelines have been devel-
oped recommending the usage of PCCs and 
rFVIIa to maintain hemostasis in TSOAC-treated 
patients presenting with serious or life- threatening 
bleeding, the variability in outcomes reported in 
the literature preclude identifying an optimal 
dosing regimen in terms of which product to use 
or the dose to treat with. In the reported case 
studies, the patients described present with differ-
ent levels of anticoagulation, different comorbid 
conditions and adjunctive medications and differ-
ent dosing regimens for the reversal agent(s) used. 

 The use of the nonspecifi c reversal agents is 
also complicated by the need to not tip the hemo-
static balance too far in the opposite direction and 
place the patient in a prothrombotic state, particu-
larly with the use of rFVIIa. Data from animal 
studies suggests the possibility of “over- correcting” 
thrombin generation beyond baseline with the use 
of high doses of PCC, though the impact of such an 
over-correction on patients has not been defi ned. 

 The urgent need for effective TSOAC antago-
nists is highlighted by the FDA’s designation of 
idarucizumab and andexanet alfa as Breakthrough 
Therapies. Such a designation is intended to 
expedite the development and review of drugs 
for serious or life-threatening conditions. 
Promising therapies such as these coupled with 
an enhanced understanding of how PCCs reverse 
TSOAC-induced anticoagulation are expected to 
allow for effective treatment of TSOAC-induced 
hemorrhagic episodes.     
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