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Introduction
In recent years, several new oral anticoagulants 
(NOACs) have been introduced and more drugs 
are currently under development. These drugs 
have given patients and providers alternatives to 
heparin and warfarin, mainly for prophylaxis 
against stroke in patients with atrial fibrillation 
(AF), prophylaxis/treatment of venous thrombo-
embolism (VTE) and in treatment of acute coro-
nary syndrome (ACS) [De Caterina, 2009; Geerts 
et al. 2008; Kearon et al. 2008].

The NOACs differ from vitamin K antagonists 
(VKAs) in their action mechanism because of 
direct inhibition of proteins of the coagulation 
cascade. They have more predictable pharma-
cokinetics leading to fixed and convenient dosing 
regimens and no need for routine monitoring, as 
well as in a rapid onset of action [Eriksson et al. 
2009], and importantly, high efficacy and low risk 
of bleeding [Poulsen et al. 2012]. Some of their 
limitations are the higher cost, limited monitoring 
(if needed, as only qualitative measures available) 

and the lack of a specific antidote [Miesbach and 
Seifried, 2012].

However, NOACs may not be suitable for every-
one. Renal function is known to deteriorate with 
age, and many patients with impaired renal func-
tion or patients with chronic kidney disease may 
require anticoagulation to prevent AF or VTE 
[Go et al. 2009; Soliman et al. 2010; ROCKET 
AF Study Investigators, 2010]. Renal impairment 
is related to an increased risk of arterial and 
venous thrombosis [Pavord and Myers, 2011] 
and is a major risk factor for bleeding during anti-
coagulation regardless of the indication [Pisters 
et  al. 2010]. In most of the clinical trials of 
NOACs, patients with severe renal impairment 
were excluded [ROCKET AF Study Investigators, 
2010; Connolly et al. 2009, 2011]. Moreover, the 
use of NOACs also involves management in other 
situations, such as elective/urgent surgery or 
major bleeding cases. This review will summarize 
the evidence in relation to the safe use of the 
NOACs and provide an overview of the approach 

Safety of new oral anticoagulant drugs:  
a perspective
Juan Antonio Vílchez, Pilar Gallego and Gregory Y.H. Lip

Abstract:  The recent development of new oral anticoagulants (NOACs) offers the possibility 
of efficacy, relative safety and convenience compared with warfarin. This could lead to greater 
patient compliance, with easier management and improved provision of thromboprophylaxis. 
Safety whilst using NOACs should be focused on bleeding cases, surgery or on the 
management of patients receiving anticoagulant therapy with concomitant impairment of 
renal function, especially since many NOACs are dependent on renal excretion. Thus, if the 
clearance creatinine indicates severe renal impairment, NOACS will be contraindicated or 
their dose needs to be changed. In patients who need surgery, there are published protocols 
of management, depending on the severity of the intervention and renal function. In the case 
of severe hemorrhage, requiring rapid reversal of the anticoagulant effect and in the absence 
of specific antidotes, alternatives such as one of the nonspecific haemostatic agents must be 
considered. Clinical evaluation in bleeding situations and a meticulous risk–benefit appraisal 
for NOACs is needed, and these procoagulant agents and patients must be monitored closely. 
This article provides an overview of the pharmacology and potential risks, as well as the 
efficacy and safety of NOACs.

Keywords:  apixaban, bleeding, dabigatran, new oral anticoagulants, rivaroxaban

Correspondence to: 
Gregory Y.H. Lip, MD 
University of Birmingham 
Centre for Cardiovascular 
Sciences, City Hospital, 
Dudley Road, Birmingham 
B18 7QH, UK  
g.y.h.lip@bham.ac.uk

Juan Antonio Vílchez, PhD 
University of Birmingham 
Centre for Cardiovascular 
Sciences, City Hospital, 
Birmingham, UK and 
Department of Cardiology 
and Department of 
Clinical Analysis, Hospital 
Universitario Virgen de la 
Arrixaca, Murcia, Spain

Pilar Gallego, MD, PhD  
University of Birmingham 
Centre for Cardiovascular 
Sciences, City Hospital, 
Birmingham, UK and 
Department of Hematology 
and Clinical Oncology, 
Hospital Universitario 
Morales Meseguer, 
Murcia, Spain

507945 TAW5110.1177/2042098613507945Therapeutic Advances in Drug SafetyVílchez et al
2013507945

http://www.sagepub.co.uk/journalsPermissions.nav


JA Vilchez, P Gallego et al.

http://taw.sagepub.com	 9

to management in special situations, such as renal 
impairment, overdosage, active bleeding and peri-
operative management.

Risks of new oral anticoagulants

Pharmacological characteristics of new oral 
anticoagulants
The NOACs fall into two broad categories: the 
oral direct factor Xa (FXa) inhibitors (rivaroxa-
ban and apixaban) and the oral direct thrombin 
inhibitor (dabigatran etexilate, the prodrug of 
dabigatran). Other direct FXa inhibitors being 
investigated in clinical trials are edoxaban and 
betrixaban [Perez et  al. 2013], and are pending 
approval at the moment.

Impaired renal function will affect dabigatran 
pharmacokinetics the most, given its predomi-
nant excretion via the renal route, whereas 
betrixaban would be affected the least, due to its 
metabolism being mainly altered by changes in 
liver function. The pharmacokinetic data of these 
agents are summarized in Table 1 [Lip et al. 2012; 
Perez et al. 2013; Poulsen et al. 2012].

Stroke prevention in atrial fibrillation
The NOACs appear to be as good as, and possibly 
better than, warfarin for the reduction of stroke and 
systemic embolism in AF, with similar or less major 
bleeding and consistently lower risk of intracranial 
bleeding. Both safety and efficacy of VKAs depend 
on anticoagulation control in the warfarin arms, 
with a wide variability in clinical care (the phase III 
trials, RE-LY [Connolly et al. 2009] ARISTOTLE 
[Granger et al. 2011] and ROCKET [Patel et al. 
2011] reported overall mean time in therapeutic 
range of 64%, 62% and 55% respectively); the ben-
efit of NOACs was enhanced in the prevention of 
AF. Ancillary analyses [Wallentin et al. 2010, 2013] 
have shown benefits in the reduction of both stroke 
and bleeding events with NOACs across the range 
of predicted time in therapeutic range (TTR), 
showing that they are not simply superior or nonin-
ferior to warfarin because of poor international 
normalized ratio (INR) control.

It is worth highlighting that no direct comparison 
of the NOACs has been done, and it is not likely 
that such head-to-head trials will be attempted. 
As all NOACs have been compared with warfarin, 
this was used as a common comparator for indi-
rect comparisons. Notwithstanding the limita-
tions of such an approach (clinical studies are not 

absolutely comparable in terms of population 
characteristics) and given the lack of trials directly 
comparing NOACs, indirect comparisons offer 
some insights.

However, special attention should also be paid to 
populations excluded from the clinical trials, such 
as older people, patients with renal or liver 
impaired function and people who are under-
weight or obese; for example, the average weight 
in major phase III trials is 80 kg and weight is one 
of the criteria to be considered for dose adjust-
ment of apixaban [Gallego et al. 2013].

Indeed, ageing results in the deterioration of some 
physiological functions, such as liver or renal 
function and a lower catabolism, which may 
require lower drug doses. If we add some comor-
bidities and polypharmacy, which are common 
among older people, we have a patient population 
more prone to complications when anticoagu-
lated. Therefore, renal function should be closely 
monitored and further data regarding the use of 
NOACs in patients with impaired renal function 
are awaited [Poulsen et al. 2012].

NOACs may potentially cause bleeding complica-
tions in patients with reduced drug excretion  
or metabolism due to physiological function 
impairment, such as renal or liver functions. 
Pharmacokinetic studies and data from clinical 
studies [ROCKET AF Study Investigators, 2010; 
Connolly et  al. 2009, 2011; Jover et  al. 2012; 
Poulsen et al. 2012] have provided information on 
how to guide dosing in patients with renal impair-
ment evaluated by the estimated glomerular fil-
tration rate or calculation of the creatinine 
clearance (CLcr), as summarized in Table 2. 
Regarding patients with liver function impair-
ment, their higher bleeding risk is due to a lower 
drug metabolism, in addition to a decrease in 
coagulation factor synthesis.

Some concomitant drugs may enhance the 
antithrombotic response, such as antiplatelet or 
nonsteroidal anti-inflammatory drugs. Special 
attention should be given to patients needing a 
combination of an oral anticoagulant and an anti-
platelet agent and efforts should be made to 
improve patients’ education to prevent them tak-
ing nonprescribed drugs. Sparse data are available 
regarding NOACs as concomitant antiplatelet 
drugs were avoided in initial clinical trials. 
Concomitant drugs and extrapolation from VKAs 
should be done while awaiting specific data.
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Combining NOACs with antiplatelet agents is 
becoming a major issue because of the additional 
management options that the emerging use of 
dabigatran, rivaroxaban and apixaban has intro-
duced into clinical practice. Recent papers 
[Komocsi et  al. 2012; Oldgren et  al. 2013; Tsu 
and Dager, 2013] have shown an increase in 
bleeding events when using NOACs in patients 
with a recent ACS (unstable angina or myocardial 
infarction), which was dramatically higher when 
combined with dual antiplatelet therapy com-
pared with the standard of care with VKAs. This 
might offset the ischemic benefits in this sub-
group of patients, although further studies are 
welcomed.

Whilst there was some concern over a potential 
numerical (but nonsignificant) increased risk of 
myocardial infarctions and events with the use of 
dabigatran, this may not be evident in ‘real world’ 
data [Larsen et al. 2013].

NOACs have not been evaluated in patients with 
mechanical heart valve prosthesis, and one phase 
II trial (RE-ALIGN) with dabigatran was stopped 
early due to increased risk of thromboembolism 
and bleeding [Van de Werf et al. 2012]. As safety 
and efficacy profiles in such patients cannot be 
determined, they should remain on warfarin.

Prevention of venous thromboembolism
A VTE event might be life threatening, and thus 
anticoagulant therapy is needed for two objec-
tives: in the active treatment of the acute episode 
(for the first 3 months) and the prevention of new 
events.

Some NOACs can also be used for VTE primary 
prophylaxis, and some agents, such as rivaroxa-
ban, offer the advantage of a single drug treat-
ment for the whole period [Buller et  al. 2012]. 
However the optimal duration remains uncertain, 
needing a balance between the estimated risk of 
recurrence and the risk of bleeding complications. 
Cases of VTE due to a transient risk factor (e.g. 
surgery or trauma), have a lower risk of recur-
rence and therefore do not benefit from prolonged 
treatment; in contrast, among patients with 
unprovoked VTE, risk of recurrence has been 
shown to be highest [Kyrle and Eichinger, 2012].

The risk of VTE increases beyond the time of hos-
pital discharge [Cohen et al. 2013], but unfortu-
nately higher rates of clinically relevant bleeding 
could arguably not lead to net clinical benefit of 

extended therapy. Therefore, all the aspects lead 
to some controversy in the anticoagulant treat-
ment after a VTE [Albertsen et al. 2012]. Indeed, 
concerning the risk of VTE beyond discharge; 
some patients (i.e. surgery due to knee replace-
ment and some cancer types) get extended pri-
mary prophylaxis, and in the case of secondary 
prophylaxis after a VTE event, treatment usually 
lasts at least 3 months and is often continued after 
discharge.

Overdosage
In the case of an overdose while on NOAC ther-
apy, activated charcoal will decrease absorption of 
the anticoagulants if administered within 2–3 h of 
ingestion of the anticoagulant, but this strategy 
has only been tested in vitro [Huisman et al. 2012; 
Turpie et al. 2012; van Ryn et al. 2010]. Dialysis 
removes dabigatran but multiple dialysis sessions 
may be required due to its large distribution vol-
ume. Dabigatran is reported to bind only to 
plasma proteins (mainly thrombin) and the 
plasma volume is the volume of distribution. Of 
note, rivaroxaban and apixaban are not dialyzable 
[van Ryn et al. 2010; Wong et al. 2011]. A recently 
study has confirmed faster hemodialysis works; it 
takes a session of 4 h to eliminate 59.3% of dabi-
gatran [Khadzhynov et al. 2013].

Effects of new oral anticoagulants in 
coagulation assays
In contrast to warfarin, none of the NOAC drugs 
require routine coagulation monitoring due to 
their more predictable pharmacological profiles 
(Table 1). In some situations it may be beneficial 
to measure the anticoagulation effect, for example 
during urgent surgery, severe bleeding, thrombo-
sis despite treatment, overdose, bridging with 
other anticoagulants or in patients with a high risk 
of accumulation of these drugs (e.g. patients with 
renal failure) [Samama and Guinet, 2011; Turpie 
et al. 2012; van Ryn et al. 2010].

In patients taking dabigatran, the activated partial 
thromboplastin time (aPTT) increases with larger 
doses but not in a linear dose response manner 
[Stangier et  al. 2007; van Ryn et  al. 2010]. The 
prothrombin time (PT, and its derived measure, 
INR) is variably affected but has been shown to 
rise with therapeutic doses, and is not recom-
mended [Stangier et al. 2007]. The thrombin time 
(TT) measures the direct activity of thrombin 
and is probably the most sensitive test for an anti-
coagulant effect of dabigatran and a normal TT 
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usually excludes an anticoagulation effect due to 
dabigatran. The ecarin clotting time also directly 
measures the anticoagulant effect of direct throm-
bin inhibitors but is less sensitive than the TT. 
The HEMOCLOT test (Hyphen BioMed; 
France) measures the anticoagulant effect of dab-
igatran with a modified thrombin clotting time 
[van Ryn et al. 2010].

In the case of rivaroxaban or other direct FXa 
inhibitors, since FX is a part of the common 
coagulation pathway, these drugs should prolong 
the PT and aPTT [Turpie et al. 2012]. The pro-
longation degree depends on the reagent used, 
and recalibration of anti-Xa testing may not be 
necessary to determine the anticoagulation degree 
between the different anti-Xa [Ogata et al. 2010]. 
No effect was seen on the TT or fibrinogen activ-
ity assays for rivaroxaban [Mani et  al. 2011]. 
Chromogenic anti-Xa assays can be standardized 
to measure rivaroxaban or apixaban, but this test 
usually is not routinely available [Lindhoff-Last 
et al. 2010].

The ‘usual’ coagulation laboratory tests do not 
allow measuring the anticoagulant intensity of 
NOACs, although a normal prothrombin time 
ratio usually excludes an anticoagulation effect 
due to rivaroxaban, and a normal activated partial 
thromboplastin time could exclude one due to 
dabigatran.

Periprocedural management of patients on 
chronic new oral anticoagulant therapy
The challenge in periprocedural management of 
patients receiving anticoagulant therapy focuses 
on the need to balance the risk of thromboembo-
lism (in case of anticoagulation interruption) 
against the risk of bleeding during the procedure 
(in case of anticoagulation continuation). 

Traditionally, the use of periprocedural bridging 
therapy with heparin, either unfractionated hepa-
rin or low-molecular-weight heparin (LMWH), 
mitigates the risk of periprocedural thromboem-
bolism by allowing for continued anticoagulation 
during temporary discontinuation of VKAs for an 
elective procedure or surgery [Spyropoulos, 
2005].

However, a recent meta-analysis [Siegal et  al. 
2012], including 34 studies that assessed periop-
erative thromboembolism and bleeding events in 
patients undergoing elective surgical or invasive 
procedures, shows that heparin bridging con-
ferred a fivefold increased risk of overall bleeding, 
whereas the risk of thromboembolic events was 
not significantly different between bridged and 
nonbridged patients. Even international guide-
lines usually provide recommendations with a low 
grade of evidence. If evidence is missing regarding 
the ‘old’ VKAs, even more gaps remain about 
NOACs with regards to periprocedural manage-
ment [Healey et al. 2012].

Thus, for the time being, the usual, although 
empirical, approach includes elective interruption 
of NOAC therapy before surgery, with timing of 
anticoagulant discontinuation depending on the 
half life of the anticoagulant, the patient’s renal 
function and the surgical risk of bleeding 
[Baumann Kreuziger et al. 2012].

Table 3 summarizes recommendations regarding 
timing of discontinuation in standard risk proce-
dures. High-bleeding risk procedures including 
cardiac surgery, neurosurgery, abdominal surgery 
or procedures requiring spinal anesthesia may 
require 2–4 days off dabigatran in patients with 
normal renal function (elimination half life of 
dabigatran = 14–17 h) and 4 days off therapy with 
CLcr to 50 ml/min. In patients with moderately 

Table 3.  Discontinuation guide for the main new oral anticoagulants, before standard and high-risk bleeding procedures.

Renal function
(CLcr ml/min )

Dabigatran Rivaroxaban Apixaban

Standard risk of 
bleeding

High risk of 
bleeding

Standard risk of 
bleeding

High risk of 
bleeding

Standard risk of 
bleeding

High risk of 
bleeding

>50 24 h 2–4 days 24 h 3 days 24–36 h 3 days
30–50 48 h 4 days 48 h 3 days 48 h 4 days
<30 2–5 days >5 days 3 days 4 days  

Adapted from van Ryn et al. [2010], Spyropoulos and Douketis [2012] and Baumann Kreuziger et al. [2012].
CLcr, creatinine clearance.
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renal impairment, the half life of dabigatran is 
16–18 h and the last dose to be given has to be 5 
days before surgery [Spyropoulos and Douketis, 
2012; Turpie et al. 2012; van Ryn et al. 2010].

Rivaroxaban and apixaban have a significantly 
shorter half life than dabigatran (8–9 h for rivar-
oxaban, 7–8 h for apixaban) and thus could be 
discontinued 24 h before surgery. In older patients 
the half life of rivaroxaban increases, so 48 h may 
be necessary to allow for proper elimination. A 
longer duration of interruption is probably 
required in patients with CKD focus in drug 
dependence on renal clearance (33% for rivaroxa-
ban, 25% for apixaban). An increased risk of 
stroke has been reported after discontinuation of 
rivaroxaban and minimizing the duration without 
anticoagulation in high-risk patients is recom-
mended. In older patients, higher levels of apixa-
ban have been reported [Baumann Kreuziger 
et  al. 2012; Spyropoulos and Douketis, 2012; 
Turpie et al. 2012; Watson et al. 2011]. Clinicians 
should consider discontinuing apixaban for 48 h 
or checking an anti-Xa level before surgery.

Timing of resumption of NOACs after surgery 
depends on bleeding risks and the dose used, as 
summarized in Table 4. These drugs fully antico-
agulate the patient in 2–4 h. In clinical trials for 
VTE prophylaxis after orthopedic surgery, dabi-
gatran was initiated at half a dose 1–4 h after sur-
gery and a full dose given 12 h later [Baumann 
Kreuziger et  al. 2012; Eriksson and Friedman, 
2009]. Rivaroxaban was initiated 6–8 h after 
wound closure and apixaban was started 1–24 h 

postoperatively [Douketis, 2010; Turun et  al. 
2011]. For procedures with a low bleeding risk, 
full anticoagulation with apixaban could be 
restarted after 24 h, whereas resumption of anti-
coagulation after major surgery could be consid-
ered 48 h postoperatively [Douketis, 2010; 
Spyropoulos and Douketis, 2012].

Management of bleeding events with new 
oral anticoagulants
For all available anticoagulants, bleeding is the 
most important adverse event in any type of 
patient [van Ryn et  al. 2010]. Comorbidities, 
comedications, age and history of bleeding are the 
main risk determinants. Indeed, the number of 
bleeding events is rising due to the ageing of the 
population and the increasing need for interven-
tional treatment [Miesbach and Seifried, 2012]. 
The shorter half life of the NOACs might facili-
tate the management of bleeding events during 
scheduled interventions or emergency situations.

Bleeding rates with NOACs are generally equal to 
or less than bleeding rates with warfarin 
[Eikelboom et al. 2011; Lip et al. 2011]. However, 
a recent meta-analysis [Miller et al. 2012], com-
paring dabigatran, rivaroxaban and apixaban, 
suggests that NOACs lower the risk for intracra-
nial bleeding, with nonconclusive data regarding 
overall risk of bleeding. In contrast, they suggest 
an increased risk for gastrointestinal bleeding 
associated with the new agents, probably associ-
ated with their local absorption. The problem 
regarding what sort of bleeding is more life 

Table 4.  Postoperative resumption of new oral anticoagulants: a suggested management approach.

Drug Low bleeding risk surgery High bleeding risk surgery

Dabigatran Resume on day after surgery
(24 h postoperative),
150 mg twice daily

Resume 2–3 days after surgery
(48–72 h postoperative),
150 mg twice daily*

Rivaroxaban Resume on day after surgery
(24 h postoperative),
20 mg once daily

Resume 2–3 days after surgery
(48–72 h postoperative),
20 mg once daily$

Apixaban Resume on day after surgery
(24 h postoperative),
5 mg twice daily

Resume 2–3 days after surgery
(48–72 h postoperative),
5 mg twice daily$

Adapted from Spyropoulos and Douketis [2012].
Standard dosages shown, consider dose reduction in cases of renal function impairment (creatinine clearance < 50 ml/min).
*For patients at high risk for thromboembolism, consider administering a reduced dose of dabigatran (e.g. 110–150 mg 
once daily) on the evening after surgery and on the following day (first postoperative day) after surgery.
$Consider a reduced dose (i.e. rivaroxaban 10 mg once a day or apixaban 2.5 mg twice a day) in patients at high risk of 
thromboembolism.
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threatening depends upon specific patient 
characteristics.

As antidotes are not available, algorithms for 
managing hemorrhage in patients taking NOACs 
have been developed (Figure 1) [Baumann 
Kreuziger et al. 2012]. In general, NOACs should 
be discontinued and initial evaluation should 
include hemodynamic stability assessment, 
intensity of anticoagulation (degree of coagula-
tion impairment reached by the treatment), 
severity of bleeding and anatomic etiology of the 
hemorrhage.

Life-threatening bleeding requires the most 
urgent response. Baseline clotting times, com-
plete blood count, CLcr and liver function tests 
should be obtained. Standard treatment, for 
example, surgical hemostasis and blood volume 
replacement, is recommended and consideration 
may be given to the use of fresh whole blood or 
fresh frozen plasma [Baumann Kreuziger et  al. 
2012; Huisman et  al. 2012; Miesbach and 

Seifried, 2012; Turpie et al. 2012; van Ryn et al. 
2010].

Assessment for anatomic etiology of the hemor-
rhage should be sought with the use of local con-
trol measures if possible. In the case of severe 
bleeding, additional haemostatic agents should be 
considered (Figure 1). Antifibrinolytic medica-
tion provides clot stabilization if fibrin is able to 
form, but such agents have been ineffective in 
reducing bleeding times with the direct thrombin 
inhibitors and should not be used for patients tak-
ing dabigatran [van Ryn et al. 2010]. In a recent 
study, tranexamic acid decreased postoperative 
blood loss in patients treated with rivaroxaban 
[Clave et al. 2012].

Potential nonspecific haemostatic reversal 
agents for new oral anticoagulants
Potential agents for reversing the anticoagulation 
effect of NOACs have been proposed. The fact 
remains that there are no clinical trial data for 

Figure 1.  Management guideline for bleeding while taking dabigatran, rivaroxaban or apixaban.  
Adapted from Baumann Kreuziger et al. [2012].
CLcr, creatinine clearance; ECT, ecarin clotting time; NOAC, new oral anticoagulant; PCC, prothrombin complex concen-
trate; rFVIIa, recombinant activated factor VII; TT, thrombin time.
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these agents [Levi et al. 2011; Pengo et al. 2011; 
van Ryn et al. 2010] compared with the effects on 
ex vivo tests [Marlu et  al. 2012]. The potential 
reversal agents for each NOAC are summarized 
in Table 5.

Reversal of the anticoagulation effects of 
new oral anticoagulants by prothrombin 
complex concentrates and FEIBA
Prothrombin complex concentrates (PCCs) are 
used for the treatment of VKA-induced bleeding. 
Of note, PCCs can be divided into ‘four-factor-
concentrates’ containing adequate amounts of 
vitamin K dependent FII, FVII, FIX and FX and 
‘three-factor concentrates’ containing signifi-
cantly lower amounts of FVII [Miesbach and 
Seifried, 2012]. Clinical studies have been pub-
lished with human data in healthy volunteers 
showing the reversibility of the anticoagulant 
activity of rivaroxaban using PCCs [Eerenberg 
et al. 2011].

FVIII inhibitor bypassing activity (FEIBA; Baxter, 
USA) is an activated PCC that can also be used to 
reverse VKAs and recombinant activated FVII 
(rFVIIa) has been reported as an efficient reversal 
drug, at least based on changes in blood tests 
among nonbleeding patients under VKA and 
NOAC treatment [Levi et al. 2010; Wojcik et al. 

2009]. However, FEIBA has been associated with 
major thrombotic risk compared with nonacti-
vated PCCs [Weitz et al. 2012].

The anticoagulant effect of rivaroxaban was com-
pletely reversed in all subjects immediately after 
bolus infusion of 50 IU/kg PCC (Cofact; Sanquin, 
Netherlands). However, the effect of PCCs has 
yet to be confirmed in patients with bleeding 
events who are treated with these anticoagulants. 
A recent case report suggests there is an efficient 
combination of PCC and fresh frozen plasma to 
reverse dabigatran related to bleeding events 
[Dumkow et al. 2012].

Another study by Marlu and colleagues in healthy 
men also showed that PCCs and FEIBA were 
able to reverse the anticoagulant effect of dabi-
gatran and rivaroxaban. FEIBA showed the most 
efficient action, given that this complex contains 
FVII, mainly in the activated form, and FII, FIX 
and FX, mainly in nonactivated forms, and com-
bines the effect of both rFVIIa and PCC [Marlu 
et  al. 2012]. In addition, several animal studies 
confirm the efficacy of PCCs as reversal agents of 
the anticoagulant effect of FXa inhibitors, such as 
rivaroxavan [Godier et  al. 2012] or edoxaban 
[Fukuda et al. 2012]. The same PCC effect has 
been described for dabigatran, at least in animal 
studies [Zhou et al. 2011].

Reversal of the anticoagulation effects of 
new oral anticoagulants by recombinant 
activated FVII
The safety and usefulness of fresh frozen plasma 
(FFP) or PCC still needs to be established because 
the drug may also block newly administered coag-
ulation factors. rFVIIa was reported to reduce 
bleeding time in animal models treated with dabi-
gatran and more recently its use to manage dabi-
gatran-associated post-surgery bleeding has been 
described [Warkentin et  al. 2012]. However, in 
this case report, the combined use of rFVIIa with 
hemodialysis makes it difficult to assess the real 
efficacy of each specific intervention. We should 
also keep in mind the potential high risk for arte-
rial thrombosis of rFVIIa [Pengo et al. 2011].

In a rabbit experimental model using rivaroxa-
ban, Godier and colleagues demonstrated that 
neither rFVIIa nor PCC fully reversed the bleed-
ing induced by rivaroxaban overdose [Godier 
et  al. 2012]. PCC and rFVIIa corrected several 
laboratory parameters but were ineffective in 
reducing rivaroxaban-induced bleeding. These 

Table 5.  Actions to evaluate and nonspecific reversal 
agents to use with the new oral anticoagulants.

Drug Therapeutic options

Dabigatran Stop treatment with OACs
Haemodialysis
PCC (25 U/kg, repeat if needed)
rFVIIa (90 µg/kg)

Rivaroxaban Stop treatment with OACs
PCC (25 U/kg, repeat if needed)
FEIBA (50 IE/kg, max 200 IE/day)
rFVIIa (90 µg/kg)

Apixaban Stop treatment with OACs
PCC (25 U/kg, repeat if needed)
FEIBA (50 IE/kg, max 200 IE/day)
rFVIIa (90 µg/kg)

Edoxaban Stop treatment with OACs
PCC (25 U/kg, repeat if needed)
FEIBA (50 IE/kg, max 200 IE/day)
rFVIIa (90 µg/kg)

Adapted from Miesbach and Seifried [2012].
The therapeutic options are not validated by large-scale 
trials.
OAC, oral anticoagulant; PCC, prothrombin complex 
concentrate; rFVIIa, recombinant activated factor VII.
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data appear to contrast with the data obtained by 
Marlu and colleagues for PCC in healthy volun-
teers [Marlu et al. 2012]. That study also showed 
an anticoagulant effect with a higher dose of 
rFVIIa, but this also raises the issue of safety, as 
rFVIIa increases the amount of thrombin gener-
ated. Thus, the risk of hemorrhage needs to be 
weighed against the risk of using any of these pro-
coagulant agents and patients must be monitored 
closely.

Future antidotes
The search for specific antidotes is currently the 
main research field. Recent reports show data 
about proposed molecules such as aDabi-Fab, a 
humanized antibody fragment to bind dabigatran 
[Schiele et al. 2013], and r-Antidote (PRT064445), 
an inactive recombinant protein that lacks the 
membrane-binding γ-carboxyglutamic acid 
domain of native FXa (which not only reverses 
FXa inhibitors but also LMWHs and fonda-
parinux) [Lu et al. 2013].

Conclusion and perspectives
Compared with traditional therapies with VKAs, 
the NOACs offer greater patient compliance 
owing to easier management and oral administra-
tion and, therefore, improved thromboprophy-
laxis and treatment. However, the safety of 
NOACs should be focused on the management of 
patients receiving anticoagulant therapy with 
renal impairment as well as those who need sur-
gery. Indeed patients at high risk of bleeding with 
traditional anticoagulation do not have a lower 
risk of bleeding with NOACs.

As a perspective in the use of NOACs, a new clin-
ical score has recently being developed to assess 
the probability of good TTR based on several 
common clinical characteristics, called the SAMe-
TT2R2 score [Apostolakis et al. 2013]. This score 
includes female Sex, Age (<60 years), Medical 
history (at least two of the following: hyperten-
sion, diabetes, coronary artery disease/myocardial 
infarction, peripheral arterial disease, congestive 
heart failure, previous stroke, pulmonary disease, 
hepatic or renal disease), Treatment (interacting 
drugs, e.g. amiodarone for rhythm control) (all 
one point), as well as current Tobacco use (two 
points) and Race (nonwhite people; two points). 
This simple score (SAMe-TT2R2) can help pre-
dict poor INR control and aid decision making by 
identifying patients with AF who would do well 
on VKAs (SAMe-TT2R2 score = 0–1), or 

conversely, those (i.e. SAMe-TT2R2 score ≥ 2) 
who require additional interventions to achieve 
acceptable anticoagulation control. In that sense, 
patients with a poor predicted TTR (i.e. SAMe-
TT2R2 score ≥ 2) could be candidates who are 
more suitable for NOACs.

In the case of severe hemorrhage, needing rapid 
reversal of anticoagulant therapy, in the absence 
of specific antidotes, alternatives such as one of 
the nonspecific haemostatic reversal agents must 
be considered. However, clinical evaluation in 
bleeding situations and a meticulous risk–benefit 
appraisal of NOACs are needed when using these 
procoagulant agents.

Due to the partial or predominant renal metabo-
lism of NOACs, it is always necessary to evaluate 
renal function as part of the holistic management 
of patients receiving anticoagulant therapy 
[Kirchhof et al. 2012].
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