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New oral anticoagulants (NOACs) are an alternative for vitamin K antagonists (VKAs) to prevent stroke in patients with non-valvular atrial fib-
rillation (AF). Unlike VKAs, these anticoagulants do not require routine INR monitoring and possess favorable pharmacological properties. The
lack of an effective antidote, their cost, or reservations in patients with kidney disease may explain their slow rate of expansion. Safe and effective
use of these new drugs will depend on clinical experience amongst the medical community. This review discusses the current NOACs, providing
practical and easy-to-use algorithms for application in the clinical routine.
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Introduction
Vitamin K antagonists (VKAs) have been the main stone for the
antithrombotic prevention in atrial fibrillation (AF) for .60 years.
Despite its unquestionable impact to prevent strokes, medical com-
munity have to deal with significant limitations, such us common drug
or food interactions, and the necessityof regular monitoring to adjust
doses, inter alia. In the last 5 years, oral anticoagulant therapy is now
witnessing a revolution after the completion of large phase III clinical
trials on the commonly termed the new oral anticoagulants (NOACs).
Advantages of these new agents including the uses of fixed-dosing
with no need for monitoring, few interactions, and awider therapeut-
ic window counteract with their current drawbacks. The lack of an
effective antidote, their cost, or reservations in patients with kidney
disease may explain their slow rate of expansion.

After the inevitable enthusiasm, it is the medical community re-
sponsibility to ensure the current appropriate use of NOACs that
very much depends on the experience, and exhaustive knowledge
of their indications and particularities in specific clinical scenarios.

This review discusses the new anticoagulants such as dabigatran,
edoxaban, rivaroxaban, and apixaban, and provides practical and
easy-to-use algorithms for application in the clinical routine specially
focused on AF prophylaxis.

New oral anticoagulants
Two classes of NOACs are currently available, the oral direct throm-
bin inhibitors (DTIs; e.g. dabigatran) and oral direct factor Xa

inhibitors (e.g. rivaroxaban, apixaban, and edoxaban). Unlike VKAs,
which block the formation of multiple active vitamin K-dependent
coagulation factors (factors II, VII, IX, and X), these drugs block the
activity of one single step in coagulation.

Careful attention to patients’ characteristics will ensure a correct
prescriptionof antithrombotic therapies for patients withAF(Figure1 ).

Recent data from seven European countries show a much better
adherence to evidence and recommendations for oral anticoagula-
tion.1 Interestingly, NOACs were given to younger patients and
only to 6% of the study populations, reflecting a tendency to pre-
scribe these new therapies prudently at first and their inherent
reimbursement limitations, respectively.

Figures 2–4 show recommended practical algorithms to
ensure correct indications, interactions, and therapeutic dosing
for each NOAC. At the moment of publication of this review,
rivaroxaban, dabigatran, and apixaban are approved for antithrom-
botic prevention in AF by the European Medicines Agency (EMA)
and Food and Drug Administration (FDA).2 – 4 Edoxaban has
been recently approved by the FDA but not yet by the EMA. All
three NOACs may be a reasonable option to VKAs for elective
cardioversion.5 – 7

Recently, rivaroxaban, dabigatran, and apixaban have been
approved for the treatment of venous thromboembolism (VTE),
after showing non-inferiority in terms of efficacy in phase III clinical
trials compared with the standard heparin/VKA regimen.8– 15 Slight
differences in dose regimens are recommended when NOACs are
indicated for AF prophylaxis or VTE treatment.
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Dabigatran
Dabigatran etexilate was the first NOACs studied and FDA
approved, based on the results of the RE-LY (Randomized Evaluation
of Long-term anticoagulant therapY with dabigatran etexilate) trial.2

Dabigatran is a highly specific and competitive direct thrombin inhibi-
tor, which is orally administered as an inactive drug and after com-
plete esterase-mediated conversion to its active form, reaches
peak plasma levels within 2–3 h.16 It has a rapid onset of action
(1–2 h), a short half-life (12–17 h), and has an 80% renal excretion.

In contrast to VKAs, dabigatran has no major drug–food interac-
tions and few drug–drug interactions. However, concurrent admin-
istration with P-glycoprotein inhibitors or P- glycoprotein inducers is
contraindicated (Figure 2).17 Although concomitant administration of
dabigatran and pantoprazole may reduce the anticoagulant effect,
dose adjustment is not considered necessary.16,18

The usual dose for dabigatran is 150 mg twice daily (BID), which
has been approved by the FDA and the EMA. A lower dose of
110 mg BID, only approvedby the EMA, is recommended for patients
over age 80 or at high risk of bleeding (Figure 2). The FDA, but no the
EMA, approved 75 mg BID for patients with creatinine clearance

(CrCl) of 15–30 mL/min based on pharmacokinetic models, but
that dose has not been studied in the pivotal study of dabigatran.

RE-LY and RELY-ABLE
The RE-LY (Randomized Evaluation of Long-term anticoagulant
therapY with dabigatran etexilate) phase III trial was a prospective,
randomized, open-label, phase III trial comparing two blinded
doses of dabigatran etexilate (110 or 150 mg BID) with warfarin in
18 113 patients with AF and at least one additional risk factor
(a mean CHADS score of 2.1).2 Patients with severely impaired
renal function (CrCl ,30 mL/min), active liver disease, stroke
within 14 days, or at a high risk of bleeding were excluded.

For the primary efficacy endpoint of stroke and systemic embol-
ism, dabigatran 150 mg BID was superior to warfarin with no signifi-
cant differences in major bleedings. Gastrointestinal (GI) bleeding
was more frequent with dabigatran 150 mg BD. Dabigatran 110 mg
BD was non-inferior to warfarin for the primary endpoint, with a re-
ductionof 20% in majorbleedings. In thewarfarin group, international
normalized ratio (INR) was within the therapeutic range 64% of the
study period beyond the first week.

A post hoc analysis of 1989 electrical cardioversions in 1270
patients did not show significant differences in the rate of stroke
within 30 days after the procedure between warfarin and dabigatran
110 or150. About25%of the patients underwent a transoesophageal
study before cardioversion. There was no significant difference in the
incidence rate of left atrial thrombus (1.1% forwarfarin, 1.2% fordabi-
gatran 150 mg BD, and 1.8% for 110 mg BD).5

The subsequent Long-term Multicenter Extension of Dabigatran
Treatment in Patients with Atrial Fibrillation (RELY-ABLE) study pro-
vided additional information on the long-term effects of the two
doses of dabigatran in patients completing RE-LY by extending the
follow-up of patients on dabigatran from a mean of 2 years at the
end of RE-LY by an additional 2.3 years.19 No patients on warfarin
were enrolled in this study. RELY-ABLE confirmed the results
reported in RE-LY. Moreover, there were no significant differences
in stroke or mortality between dabigatran 110 and 150 mg BD, but
a higher rate of major bleeding was observed with the higher dose
of dabigatran.

Recently, the safety profile of dabigatran (150 and 75 mg BD) in
real US clinical practice has been reported in an elderly Medicare
cohort with non-valvular AF.20 Compared with warfarin, dabigatran
was associated with a reduced risk of ischaemic stroke, intracranial
haemorrhage and mortality, but with an increased risk of major GI
bleeding. These results were stronger in the subgroup treated with
dabigatran 150 mg BD. Around 16% of patients received dabigatran
75 mg BD and among these, none of the study outcomes were stat-
istically significantly different from warfarin except for a lower risk of
intracranial haemorrhage with dabigatran. Unfortunately, known
severe renal impairment wasonly present in up to 7% of the subgroup
of dabigatran 75 mg BD and results must be interpreted carefully.

Rivaroxaban
Rivaroxaban is a competitive and dose-dependent direct inhibitor of
factor Xa and the second NOAC approved by the FDA and EMA
based on the ROCKET AF (Rivaroxaban Once Daily Oral Direct
Factor Xa Inhibition Compared with Vitamin K Antagonism for

Figure 1 Choice of anticoagulant treatment. Adapted from
ESC guidelines with permission.37 AF, atrial fibrillation; CrCl, cre-
atinine clearance; VKAs, vitamin K antagonists; NOAC, new oral
anticoagulants.
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Figure2 Start-up for dabigatran. , active or recent gastrointestinal ulceration, presence of malignancy with high risk of bleeding, brain trauma, or
recent brain surgery, spinal or ophthalmic, recent intracranial bleeding, known or suspected oesophageal varices, arteriovenous malformations, vas-
cular aneurysms, or intraspinal vascular anomalies or intracerebral higher. §, dose regimens for acute VTE: 150 mg BID; for VTE prevention after knee
or hip replacement surgery (14 or 30 days, respectively): 110 mg (initial dose) then 220 mg daily. DVT, deep venous thrombosis; PE, pulmonary
embolism; CrCl, creatinine clearance (preferably measured by the Cockroft method); VKAs, vitamin K antagonists; INR, international normalized
ratio; VTE, venous thromboembolism; BID, twice daily.
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Figure 3 Start-up for rivaroxaban. , active or recent gastrointestinal ulceration, presence of malignancy with high risk of bleeding, brain trauma
or recent brain surgery, spinal or ophthalmic, recent intracranial bleeding, known or suspected oesophageal varices, arteriovenous malformations,
vascular aneurysms, or intraspinal vascular anomalies or intracerebral higher. **, Patients with CrCl ,30 mL/min were excluded from ROCKET AF;
*, concomitant treatments: quinidine, fluconazole, cyclosporin, tacrolimus, clarithromycin, erythromycin, rifampicin, carbamazepine, phenytoin, and
phenobarbital; §, dose regimens for acute VTE: 20 mg daily (15 mg twice daily for initial 21 days); for VTE prevention after knee or hip replacement
surgery (14or30days, respectively): 10 mgdaily; CrCl, creatinine clearance (preferably measuredby theCockroftmethod); VKAs, vitamin Kantago-
nists; INR, international normalized ratio; VTE, venous thromboembolism.
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Figure 4 Start-up for apixaban. , active or recent gastrointestinal ulceration, presence of malignancy with high risk of bleeding, brain trauma or
recent brain surgery, spinal or ophthalmic, recent intracranial bleeding, known or suspected oesophageal varices, arteriovenous malformations, vas-
cular aneurysms or intraspinal vascular anomalies, or intracerebral higher. §, dose regimens for acute VTE: 5 mg twice daily (10 mg twice daily for
initial 7 days); for VTE prevention after knee or hip replacement surgery (14 or 30 days, respectively): 2.5 mg twice daily; **, Patients with serum
creatinine level of .2.5 mg per deciliter or calculated CrCl ,25 ml per minute were excluded from ARISTOTLE; CrCl, creatinine clearance (pref-
erably measured by the Cockroft method); VKAs, vitamin K antagonists; INR, international normalized ratio.
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Prevention of Stroke and Embolism Trial in Atrial Fibrillation).3 It is
rapidly absorbed and reaches peak plasma concentration within
2–4 hours after oral administration. It has a half-life of 9–13 hours
with 35% renal clearance21– 26 (Table 1). Approximately two-thirds
of an administered dose of rivaroxaban are metabolized by the
liver via cytochrome P450 enzymes (CYP3A4 and CYP2J2). There-
fore, concomitant treatment with cytochrome P450 isoenzymes
and P-glycoprotein inhibitors, such as itraconazole and voriconazole,
is contraindicated due to an increased riskof bleeding (Figure 3). Since
one-third of the drug is eliminated by the kidneys, rivaroxaban is con-
traindicated in patients with severe renal insufficiency.

It is administered 20 mg once daily with a large meal to increase
bioavailability. A 15 mg dose is recommended for patients with
mild renal impairment, high risk of bleeding, and/or potential drug–
drug interactions (Figure 3)

ROCKET AF
The ROCKET AF was a double-blinded study in which 14 264
patients with non-valvular AF and CHADS2 scores ≥2 (mean 3.5)
were randomly assigned to rivaroxaban 20 mg once daily or dose-
adjusted warfarin; patients with CrCl of 30–49 mL/min received
15 mg of rivaroxaban. Those with CrCl of ,30 mL/min, significant
liver disease, any stroke within 14 days (or severe strokes within
3 months), HIV infection, concomitant treatments with non-steroidal
anti-inflammatory drugs, inhibitors of cytochrome P450 3A4, indu-
cers of cytochrome P450 3A4, or at a high risk of bleeding were
excluded.

After a median follow-up of 1.93 years, rivaroxaban was non-
inferior to warfarin for the prevention of stroke or systemic embol-
ism; however, rivaroxaban failed to show superiority over warfarin in
the intention-to-treat analysis (P ¼ 0.12). There were no differences
in the risk of major bleeding, although intracranial and fatal bleeding
occurred less frequently in the rivaroxaban group. Gastrointestinal
bleeding and transfusion requirements were greater with rivaroxa-
ban. Total mortality was not significantly different between groups.

Apixaban
Apixaban is a direct, reversible, competitive, and selective inhibitorof
factor Xa and the last NOAC approved by the FDA and EMA for the
prevention of stroke and embolism in non-valvular AF. It is well
absorbed achieving peak plasma concentration in 1–4 h.27 –29

Current recommended dosing is 5 mg BID daily for patients with
normal renal function and 2.5 mg BID for patients with two of the
following characteristics: age .80 years, body weight ,60 kg,
and serum creatinine .1.5 mg/dL (Figure 4). It is predominantly
metabolized by the liver and similar to rivaroxaban, apixaban is con-
traindicated in concomitant use with drugs capable of inducing or
inhibiting CYP3A4.4

ARISTOTLE and AVERROES
The Apixaban for Reduction In STroke and Other ThromboemboLic
Events in AF (ARISTOTLE) was a randomized, double-blinded,
double-dummy, phase III trial comparing apixaban (5 mg BID) with
dose-adjusted in 18 201 patients with non-valvular AF (a mean
CHADS2 scoreof2.1).4 Apixaban2.5 mgBIDwasusedamongpatients
with twoormoreof the followingconditions: .80yearsof age,weight
,60 kg, or a serum creatinine level .1.5 mg/dL. After a mean follow-
up of 1.8 years, apixaban was significantly better than warfarin, with
fewer primary outcomes (overall strokes—both ischaemic and haem-
orrhagic—and systemic emboli), but with no significant differences in
rates of ischaemic strokes. Patients treated with apixaban had signifi-
cantly fewer intracranial bleeds, but GI bleedings were similar
between both groups. All-cause mortality was found to be significantly
lower in the apixaban group.

Apixaban was also compared with aspirin alone in the AVERROES
study, a double-blinded study of 5599 patients who were not suitable
candidates for VKA treatment (mean CHADS2 score of 2).30 After a
mean follow-up of 1.1 years, the study was prematurely stopped due
to a clear benefit in favour of apixaban. The primary outcome of
stroke or systemic embolism was significantly lower in the apixaban

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 1 Pharmacological properties of new oral anticoagulants

Drug Dabigatran Rivaroxaban Apixaban Edoxabana

Mechanism Direct thrombin inhibitor Direct factor Xa inhibitor Direct factor Xa inhibitor Direct factor Xa inhibitor

Pro-drug Yes No No No

Bioavailability, % 6% 66% without food
up to 100% with food

50% 62%

Half-life, h 12–17 h 5–9 h (young)
11–13 h (elderly)

12 h 9–11 h

Time to maximum plasma concentration 0.5–2 2–4 h 1–4 h 1–2 h

Renal excretion 80% 35% 25% 50%

Liver metabolism No Yes Yes Minimal

Gastrointestinal tolerability Dyspepsia No problem No problem No problem

Absorption with food No effect +39% more No effect 6–22% more

Intake with food? No Mandatory No No official recommendation

Dosing Twice daily Once daily Twice daily Once daily

aNo European Medicines Agency approved yet.
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Figure 5 Start-up for edoxaban. , history of intracranial, intraocular, spinal, retroperitoneal, or intraarticular bleeding; overt gastrointestinal
bleeding or active ulcer within the previous year; recent severe trauma, major surgery, or deep organ biopsy within the previous 10 d; active infective
endocarditis; uncontrolled hypertension (blood pressure N170/100 mm Hg); or hemorrhagic disorder including known or suspected hereditary or
acquired bleeding or coagulation disorder. *, This population was excluded in clinical trials; §, edoxaban is indicated for the treatment of deep vein
thrombosis (DVT) and pulmonary embolism (PE) following 5 to 10 days of initial therapy with a parenteral anticoagulant . Dose regimens for acute
DVT and PE: 60 mg once daily or 30 mg once daily in patients with CrCL 15 to 50 mL/min, patients who weigh less than or equal to 60 kg, or patients
whoare taking certain concomitant P-gp inhibitor medications. **, Patients withCrCL,30ml/minwereexcluded fromENGAGEAF-TIMI 48;CrCL,
creatinine clearance (preferably measured by the Cockroft method); VKAs, vitamin K antagonists; INR, international normalized ratio.
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group versus aspirin, whereas bleeding risk (major bleeding and intra-
cranial bleeding) between two groups was similar.

Patients with severe renal impairment (serum creatinine .2.5 mg/
dL or CrCl ,25 mL/min) were excluded from the ARISTOTLE and
AVERROES trials.4,30 Additional exclusion criteria were stroke
within the previous 7 days, and concomitant treatment with aspirin
at a dose of .165 mg a day or for both aspirin and clopidogrel.

Edoxaban
Edoxaban is another reversible factorXa inhibitor, recently approved
by the FDA but not yet by the EMA. It is rapidly absorbed and reaches
peak plasma concentration within 1–2 h. Up to 50% of edoxaban is
eliminated by the kidneys. Since it is a substrate for P-glycoprotein,
concomitant administration with quinidine, amiodarone, and verap-
amil will result in a significant increase of plasma levels of edoxa-
ban.31– 34 Therefore, in patients under concomitant use of potent
glycoprotein inhibitors (verapamil or quinidine), body weight
,60 kg, or moderate–severe renal impairment (CrCl 50 mL/min),
edoxaban dose should be reduced by 50%.

ENGAGE AF-TIMI
The Effective Anticoagulation with Factor Xa Next Generation
in Atrial Fibrillation–Thrombolysis in Myocardial Infarction 48
(ENGAGE AF-TIMI 48) was a three-group, randomized, double-
blinded, double-dummy phase III trial, which compared the two
dose regimens of edoxaban (30and60 mgonce daily) with warfarin35

in a total of 21 026 patients with non-valvular AF. For patients in

either group of edoxaban, the dose was halved in any of the following
characteristics: CrCl of 30–50 mL/min, body weight of 60 kg or less,
or concomitant use of verapamil or quinidine.

After a follow-up of 2.8 years, both regimens of edoxaban were
non-inferior to warfarin with respect to the prevention of stroke
or systemic embolism; however, the lower dose trended toward
inferiority, with a hazard ratio of 1.13 vs. Warfarin, and was inferior
to specifically prevent ischaemic stroke. Edoxaban was associated
with lower, dose-related rates of bleeding, including major bleeding,
intracranial bleeding, and life-threatening bleeding. An exception was
GI bleeding, which occurred more frequently with high-dose edoxa-
ban but less frequently with low-dose edoxaban compared with
warfarin. Finally, the incidence rate of haemorrhagic stroke and the
rate of death from cardiovascular causes were significantly lower
with both edoxaban regimens.

Patients with severe renal dysfunction (CrCl ,30 mL/min), high
risk of bleeding, use of dual antiplatelet, acute coronary syndromes
or coronary revascularization, and strokes within 30 days were
excluded.

Comparison between new oral
anticoagulants
For the time being, no direct head-to-head comparisons between
NOACs have been made in randomized, controlled trials, and ex-
trapolation from primary trial data is the best available strategy for
medical prescription. However, differences in trial design, in the esti-
mated risk for stroke in the study population, comparator uniformity,

Figure 6 (A) Stroke or systemic embolic events. (B) Major bleeding. Data are n/N, unless otherwise indicated. Heterogeneity: I2 ¼ 47%; P ¼ 0.13.
NOAC, new oral anticoagulant; RR, risk ratio. *, dabigatran 150 mg twice daily; †, rivaroxaban 20 mg once daily; ‡, apixaban 5 mg twice daily; §, edox-
aban 60 mg once daily. Reproduced from Ruff et al.36 with permission.
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and definitions of efficacy and safety endpoints make complex direct
comparisons. The choiceof oneoranotherNOACfora given patient
is influenced by individual patient characteristics, including risk of
stroke or VTE, risk of bleeding, and comorbidity such us the presence
of impaired renal function.

Figure 6 shows the comparative efficacy of high-dose of NOACs
and warfarin.36 Comparative analysis of the four NOACs confirmed
that NOACs significantly reduced the composite of stroke or sys-
temic embolic events by 19% compared with warfarin, which very
much depended on large reduction in haemorrhagic strokes. Data
for all four NOACS showed that they were associated with a 14%
non-significant reduction in major bleedings.36

Although there is insufficient evidence to recommend one NOAC
over another, Table 2 summarizes general recommendations based
on patient characteristics, drug compliance, and tolerability. For in-
stance, dabigatran may produce dyspepsia, but this NOAC at
150 mg BID was the only agent to demonstrate a reduction in ischae-
mic stroke. All NOACs except apixaban were associated with more
GI bleeding than warfarin. Both rivaroxaban and apixaban are less de-
pendent on renal elimination than dabigatran.Rivaroxaban and edox-
aban have the benefit of once-daily dosing, which may be attractive
for those patients who are less compliant. Therefore, patients with
a historyof these specific featuresmight lead the clinician to prescribe
one particular NOAC. However, it is important to highlight that at
present all NOACs are clinically indicated in non-valvular AF regard-
less the estimated risk of stroke or bleeding.

Finally, VKAs remain the first-line anticoagulant for patients with
mechanical heart valves or rheumatic heart disease and for those
with severe renal insufficiency, in whom NOACs are contraindicated.
Although lowdosesof rivaroxabanandapixabanhavebeen approved
by the EMA and the FDA (and 75 mg dabigatran and 30 mg edoxaban
just by the FDA) for CrCl between 15 and 30 mL, there are no
outcome data in this vulnerable population and current ESC guide-
lines does not recommend their use in such patients.37 According
to patient preference, VKAs remain a reasonable option for those
with well-controlled INR values.

How to measure effect
A clinical advantage of NOACs is their predictable anticoagulant
effect enabling the administration of fixed doses without the need
of routine monitoring. However, the lack of a reliable method or a
clear marker of anticoagulant activity makes ensuring compliance
very difficult. In addition, estimation of anticoagulation level might
be useful in particular scenarios such as during acute bleeding, or
stroke or when patients need an urgent surgery.

Table 3 simplifies the expected coagulation results when receiving
NOACs. When interpreting these results, it is essential to take into
account when the last dose of NOAC was administered since its
maximum effect will be reached at its maximal plasma concentration.
Furthermore, the estimated elimination half-life will depend on
patient characteristics, and particularly important, on renal function,
especially for those NOAC with a high renal clearance.

Although quantitative tests for NOAC assessment exist, such as
DTIs and FXa inhibitors, they are not commonly available in most
hospitals. Nevertheless, other more common tests may assess quali-
tatively NOAC activity. For dabigatran, diluted thrombin time (dTT),
activatedpartial thromboplastin time (aPTT), and ecarin clotting time
(ECT) can be useful; an aPTT level (i.e. 12–24 h after ingestion) of≥2
the upper limit of normal or ECT ≥3 times elevated may be asso-
ciated with a higher risk of bleeding.38,39 A dTT with appropriate cali-
brators for dabigatran is also available (Hemoclotw) and that with the
Hemoclotw .200 ng/mL after 12 h of the last dose is associated with
a higher risk of bleeding as well. Each factor Xa inhibitor (rivaroxaban,
apixaban, and edoxaban) affects the PT and aPTT to a different
extent, and any of these tests is ideal to assess anticoagulant effect.
Activated partial thromboplastin time has a weak prolongation
under these NOACs and suffers of variability of assays, and paradox-
ical response at low concentrations. On the other side, PT is
prolonged in a concentration-dependent manner for factor Xa inhi-
bitors; however, its effect depend on the assay and on the particular
factor Xa inhibitor. It could be useful for rivaroxaban, although sen-
sitivity depends very much on the PT reagents. In particular, Neo-
plastin Plus has a close correlation to plasma concentrations of

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 2 Suggested use of NOACs according to patient
characteristics

Patients characteristics NOAC Dose
regimen

High risk of stroke
(high CHADS-VASC score)

Dabigatran 150 mg BID

Previous stroke Rivaroxaban 20 mg QD

High risk of bleeding or previous
life-threatening bleedings

Dabigatran 110 mg BID
Apixaban 5 mg BID

Dyspepsia Rivaroxaban 20 mg QD
Apixaban 5 mg BID

GI bleeding Apixaban 5 mg BID

Medication compliance problems Rivaroxaban 20 mg QD

Elderly (≥80 years) and impaired
renal function

Apixaban 2.5 mg BID

NOAC, new oral anticoagulants; GI, gastrointestinal; BID, twice daily.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 3 Effect of NOAC in coagulation test and
possible measures in case of bleedings

Drug Dabigatran Factor Xa
inhibitors

Effect on
coagulation
tests

�: dTT, ECT,
� aPTT or no change: PT

(not recommended)

�: Anti-factor Xa
� or no change:

PT, aPTT
No change: dTT,

ECT

Reversal in
emergency
bleeding

Oral charcoal
Haemodialysis
PCC, aPCC
Desmopressin
Antifibrinolytic agents

PCC, aPCC
Desmopressin
Antifibrinolytic
agents

PT, prothrombin time; aPTT, activated partial thromboplastin time; dTT, diluted
thrombin time; ECT, ecarin clotting time; PCC, prothrombin complex concentrate.
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rivaroxaban. There are currently no much data available for edoxa-
ban and apixaban.

Finally, plasma concentrations of factor Xa inhibitors can be esti-
mated by the commercially available Anti-FXa ‘chromogenic assays’
with good interlaboratory precision. Unfortunately, practical data
to associate a coagulation parameter or level with bleeding risk are
not yet available.

‘What if’ scenarios

Patient has a bleeding complication
For the time being, specific antidotes for NOACs are lacking and the
strategies to reverse anticoagulant effect are limited. Although this is
considered a major drawback for their use, a recent meta-analysis
presenting data on the management and outcome of major bleeding
events in five phase III trials (dabigatran vs. AVK) showed a better
outcome in those receiving dabigatran, reflected as a significantly
shorter stay in the intensive care unit and a trend towards lower
adjusted all-cause mortality at 30 days.40 Time is the best advantage
of NOACs, in view of their relatively short elimination half-lives.

If a major bleeding complication occurs, standard supportive
measurements must be started. These include mechanical compres-
sion, surgical haemostasis, fluid replacement, and additional haemo-
dynamic support.

Haemodialysis can accelerate drug removal in those patients receiv-
ing dabigatran; however, its benefit in life-threatening bleeding has not
been established. In contrast, dialysis is not effective for factor Xa inhi-
bitors due to their high plasma binding and lower renal clearance. The
administration of prothrombin complex concentrate (PCC) or acti-
vated prothrombin complex (aPCC) concentrates can be considered
in life-threateningbleeding, despite thescarceevidence.Administration
of PCC could start at a dose of 25 U/kg and can be repeated if clinically
indicated. If available aPCCcouldbealsoconsidered, startingat50 IE/kg

(maximum 200 IE/kg/day). Additionally, other pro-coagulants such as
antifibrinolytics or desmopressin can also be considered, but again
there is no clinical evidence on their effectiveness.

Finally, a monoclonal antibody Fab molecule directed against dabi-
gatran and a specific recombinant protein (r-antidote) to reverse
the anticoagulant effect of the factor Xa inhibitor are now being
investigated and hold promise in treating bleeding in life-threatening
situations.41 –43

Patient undergoes intervention
The most appropriate management should be individualized depend-
ing on the NOAC used, the type of surgery, the required anaesthetic
regimen, and the patients’ characteristics, particularly, on their renal
function.

For patients undergoing minor interventions, NOACs can be con-
tinued around the time of the procedure, similar to VKA-treated
patients. Some examples include skin cancer removal, joint injection,
cataract removal, or tooth extraction in which an adequate local
haemostasis is commonly possible. Intervention should not be per-
formed at peak concentrations but 12 or 24 h after the last intake, de-
pending on their specific regimen dosing (once or twice daily).

However, if substantial bleeding is expected, the patient should
skip 1–2 days of the NOAC before the procedure and re-start the
NOAC on the next day after the procedure. Table 4 suggests a pre-
and post-surgery approach depending on the type of surgery, the
type of NOAC, and renal function. Treatment should be delayed
for at least 24 h after surgery, given the rapid onset of action of
these drugs.

Patient need to switch between
anticoagulant regimens
Table 5 summarizes how to switch from different anticoagulant regi-
mens. Individual precautions must be kept in mind, particularly in
those patients with impaired renal function.
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Table 4 Pre- and postoperative management of patients taking NOACs

Minor surgerya Major surgeryb

NOAC Renal function Preoperative
management

Postoperative
management

Preoperative management Postoperative
management

Dabigatran Normal or mildly impaired
(CrCl .50 mL/min)

Stop 2 days before
surgery (skip 2 doses)

Re-start 24 h after
surgery

Stop 3 days before surgery
(skip 4 doses)

Re-start 48 h after
surgery

Moderately impaired
(CrCl 30–50 mL/min)

Stop 3 days before
surgery (skip 4 doses)

Stop 4–5 days before
surgery (skip 6–8
doses)

Rivaroxaban Normal, mild, or moderately
impaired (CrCl
.30 mL/min)

Stop 2 days before
surgery (skip 1 dose)

Re-start 24 h after
surgery

Stop 3 days before surgery
(skip 2 doses)

Re-start 48 h after
surgery

Apixaban (CrCl
.30 mL/min)

Normal, mild, or moderately
impaired

Stop 2 days before
surgery (skip 1 dose)

Re-start 24 h after
surgery

Stop 3 days before surgery
(skip 4 doses)

Re-start 48 h after
surgery

aMinor surgery: Endoscopy with biopsy; prostate or bladder biopsy; electrophysiological study or simple radiofrequency catheter ablation tachycardia; angiography; pacemaker or ICD
implantation.
bMajor surgery: Complex left-sidedablation (pulmonaryvein isolationandventricular tachycardia ablation); spinal orepidural anaesthesia; lumbar diagnostic puncture; thoracic surgery;
abdominal surgery; major orthopaedic surgery; liver biopsy; transurethral prostate resection; kidney biopsy.
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Conclusion
New oral anticoagulants have shown to have a favourable balance
between efficacy and safety compared with VKAs, and three are
now available for the prevention of stroke in non-valvular AF. Advan-
tages of NOACs include fewer interactions with medications and no
interaction with food, rapid onset, fast clearance, and no need for la-
boratory monitoring. Individualized anticoagulant treatment should
be based on patients’ age, renal function, and concomitant treat-
ments. The rate at which VKAs will be replaced by NOACS will
depend on clinical experience, patients’ tolerance to these drugs,
novel data from further studies, reimbursement policies, and other
market forces. Further research is underway to develop reliable
and accessible measures to monitor the anticoagulant effects of the
new agents, as well as antidotes with the ability to effectively
reverse anticoagulation effect.

Conflict of interest: none declared.
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Gibbs JS, Huisman MV, Humbert M, Kucher N, Lang I, Lankeit M, Lekakis J,
Maack C, Mayer E, Meneveau N, Perrier A, Pruszczyk P, Rasmussen LH,
Schindler TH, Svitil P, Vonk Noordegraaf A, Zamorano JL, Zompatori M; Authors/
Task Force Members. 2014 ESC Guidelines on the diagnosis and management of
acute pulmonary embolism: The Task Force for the Diagnosis and Management of
Acute Pulmonary Embolism of the European Society of Cardiology (ESC) Endorsed
by the European Respiratory Society (ERS). Eur Heart J 2014;35:3033–3073.

9. Schulman S, Kearon C, Kakkar AK, Mismetti P, Schellong S, Eriksson H, Baanstra D,
Schnee J, Goldhaber SZ. Dabigatranversuswarfarin in the treatment of acute venous
thromboembolism. N Engl J Med 2009;361:2342–2352.

10. Schulman S, Kakkar AK, Goldhaber SZ, Schellong S, Eriksson H, Mismetti P,
Christiansen AV, Friedman J, Le MF, Peter N, Kearon C. Treatment of acute
venous thromboembolism with dabigatran or warfarin and pooled analysis. Circula-
tion 2014;129:764–772.

11. Bauersachs R, Berkowitz SD, Brenner B, Büller HR, Decousus H, Gallus AS,
Lensing AW, Misselwitz F, Prins MH, Raskob GE, Segers A, Verhamme P, Wells P,
Agnelli G, Bounameaux H, Cohen A, Davidson BL, Piovella F, Schellong S. Oral rivar-
oxaban for symptomatic venous thromboembolism. N Engl J Med 2010;363:
2499–2510.

12. Bu’ller HR, Prins MH, Lensin AW, Decousus H, Jacobson BF, Minar E, Chlumsky J,
Verhamme P, Wells P, Agnelli G, Cohen A, Berkowitz SD, Bounameaux H,
Davidson BL, Misselwitz F, Gallus AS, Raskob GE, Schellong S, Segers A. Oral rivar-
oxaban for the treatment of symptomatic pulmonary embolism. N Engl J Med 2012;
366:1287–1297.

13. Agnelli G, Büller HR, Cohen A, Curto M, Gallus AS, Johnson M, Masiukiewicz U,
Pak R, Thompson J, Raskob GE, Weitz JI. Oral apixaban for the treatment of acute
venous thromboembolism. N Engl J Med 2013;369:799–808.

14. Büller HR,DecoususH,GrossoMA, MercuriM,MiddeldorpS, Prins MH,RaskobGE,
Schellong SM, Schwocho L, Segers A, Shi M, Verhamme P, Wells P. Edoxaban versus
warfarin for the treatment of symptomatic venous thrombo-embolism. N Engl J Med
2013;369:1406–1415.

15. vanderHulle T, Kooiman J, denExter PL, Dekkers OM, Klok FA, Huisman MV. Effect-
iveness and safety of novel oral anticoagulants as compared with vitamin K antago-
nists in the treatment of acute symptomatic venous thromboembolism: a systematic
review and meta-analysis. J Thromb Haemost 2014;12:320–328.

16. Stangier J. Clinical pharmacokinetics and pharmacodynamics of the oral direct
thrombin inhibitor dabigatran etexilate. Clin Pharmacokinet 2008;47:285–295.

17. Eisert WG, Hauel N, Stangier J, Wienen W, Clemens A, vanRyn J. Dabigatran: an oral
novel potent reversible nonpeptide inhibitor of thrombin. Arterioscler Thromb Vasc
Biol 2010;30:1885–1889.

18. Stangier J, Stähle H, Rathgen K, Fuhr R. Pharmacokinetics and pharmacodynamics
of the direct oral thrombin inhibitor dabigatran in healthy elderly subjects. Clin Phar-
macokinet 2008;47:47–59.

19. Connolly SJ, Wallentin L, Ezekowitz MD, Eikelboom J, Oldgren J, Reilly PA et al. The
Long-Term Multicenter Observational Study of Dabigatran Treatment in Patients
with Atrial Fibrillation (RELY-ABLE) study. Circulation 2013;128:237–243.

20. Graham DJ, Reichman ME, Wernecke M, Zhang R, Southworth MR, Levenson M,
Sheu TC, Mott K, Goulding MR, Houstoun M, MaCurdy TE, Worrall C,
Kelman JA. Cardiovascular, bleeding, and mortality risks in elderly medicare patients
treated with dabigatran or warfarin for non-valvular atrial fibrillation. Circulation
2015;131:157–164.

21. Gnoth MJ, Buetehorn U, Muenster U, Schwarz T, Sandmann S. In vitro and in vivo
P-glycoprotein transport characteristics of rivaroxaban. J Pharmacol Exp Ther 2011;
338:372–380.

22. Mueck W, Kubitza D, Becka M. Co-administration of rivaroxaban with drugs that
share its elimination pathways: pharmacokinetic effects in healthy subjects. Br J Clin
Pharmacol 2013;76:455–466.

23. Laux V, Perzborn E, Kubitza D, Misselwitz F. Preclinical and clinical characteristics of
rivaroxaban: a novel, oral, direct factor Xa inhibitor. Semin Thromb Hemost 2007;33:
515–523.

24. Perzborn E, Strassburger J, Wilmen A, Pohlmann J, Roehrig S, Schlemmer KH et al.
In vitro and in vivo studies of the novel antithrombotic agent BAY 59-7939—an
oral, direct factor Xa inhibitor. J Thromb Haemost 2005;3:514–521.

25. Kubitza D, Becka M, Wensing G, Voith B, Zuehlsdorf M. Safety, pharmaco-
dynamics, and pharmacokinetics of BAY 59-7939—an oral, direct factor Xa
inhibitor—after multiple dosing in healthy male subjects. Eur J Clin Pharmacol 2005;
61:873–880.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 5 Recommendation on how to switch between
different anticoagulant regimens

Switching How?

VKA to NOAC Once the INR is lower than 2.0

Intravenous unfractionated
heparin (UFH) to NOAC

After 2 h of stopping UHF (longer
in cases of renal impairment)

Low-molecular-weight heparin
(LMWH) to NOAC

When the next dose of LMWH
was prevised

NOAC to VKA Concomitant treatment until INR
2–3

NOAC to parenteral
anticoagulant (UFH, LMWH)

When the next dose of NOAC
was planned

One NOAC to another When the next dose of NOAC
was planned (longer in cases of
renal impairment)

R. Hinojar et al.144
D

ow
nloaded from

 https://academ
ic.oup.com

/ehjcvp/article/1/2/134/379768 by guest on 20 August 2022



26. Rohde G. Determination of rivaroxaban—a novel, oral, direct factor Xa inhibitor—
in human plasma by high-performance liquid chromatography-tandem mass spec-
trometry. J Chromatogr B Analyt Technol Biomed Life Sci 2008;872:43–50.

27. Luettgen JM, Bozarth TA, Bozarth JM, Barbera FA, Lam PY, Quan ML. In vitro evalu-
ation of apixaban, a novel potent, selective and orally bioavailable factor X inhibitor.
In: Proceedings of American Society of Hematology Annual Meeting Exposition 48th,
Orlando, Abstr. 4130. , Washington, DC, 2006.

28. Pinto DJ, Orwat MJ, Koch S, Rossi KA, Alexander RS, Smallwood A et al. Discovery
of 1-(4-methoxyphenyl)-7-oxo-6-(4-(2-oxopiperidin-1-yl)phenyl)-4,5,6, 7-tetrahy-
dro-1H-pyrazolo[3,4-c]pyridine-3-carboxamide(apixaban, BMS-562247), a highly
potent, selective, efficacious, and orally bioavailable inhibitor of blood coagulation
factor Xa. J Med Chem 2007;50:5339–5356.

29. He K, Luettgen JM, Zhang D, He B, Grace JE Jr, Xin B. Preclinical pharmacokinetic and
metabolism of apixaban, a potent and selective factor Xa inhibitor. In: Proceedings of
American Society of Hematology Annual Meeting Exposition, 48th, Orlando, Abstr. 910. ,
Washington, DC, 2006.

30. Connolly SJ, Eikelboom J, Joyner C, Diener HC, Hart R, Golitsyn S et al. Apixaban in
patients with atrial fibrillation. N Engl J Med 2011;364:806–817.

31. Ogata K, Mendell-Harary J, Tachibana M, Masumoto H, Oguma T, Kojima M et al.
Clinical safety, tolerability, pharmacokinetics, and pharmacodynamics of the novel
factor Xa inhibitor edoxaban in healthy volunteers. J Clin Pharmacol 2010;50:
743–753.

32. Matsushima N, Lee F, Sato T, Weiss D, Mendell J. Bioavailability and safety of the
factor Xa inhibitor edoxaban and the effects of quinidine in healthy subjects. Clin
Pharm Drug Dev 2013;2:358–366.

33. Matsushima N, Lee F, Sato T, Weiss D, Mendel J. Absolute bio-availability of edox-
aban in healthy subjects. AAPS J 2011;13 (Suppl 2):T2362.

34. Salazar DE, Mendell J, Kastrissios H, Green M, Carrothers TJ, Song S et al. Modelling
and simulation of edoxaban exposure and response relationships in patients with
atrial fibrillation. Thromb Haemost 2012;107:925–936.

35. Giugliano RP, Ruff CT, Braunwald E, Murphy SA. Edoxaban versus warfarin in
patients with atrial fibrillation. N Engl J Med 2013;369:2093–2104.

36. Ruff CT, Giugliano RP, Braunwald E, Hoffman EB, Deenadayalu N, Ezekowitz MD,
Camm AJ, Weitz JI, Lewis BS, Parkhomenko A, Yamashita T, Antman EM.
Comparison of the efficacy and safety of new oral anticoagulants with warfarin in
patients with atrial fibrillation: a meta-analysis of randomised trials. Lancet 2014;
383:955–962.

37. Camm AJ, Lip GY, De Caterina R, Savelieva I, Atar D, Hohnloser SH et al. Focused
update of the ESC Guidelines for the management of atrial fibrillation: an update
of the 2010 ESC Guidelines for the management of atrial fibrillation. Developed
with the special contribution of the European Heart Rhythm Association. Europace
2012;14:1385–1413.

38. van Ryn J, Stangier J, Haertter S, Liesenfeld KH, Wienen W, Feuring M et al. Dabiga-
tran etexilate—a novel, reversible, oral direct thrombin inhibitor: interpretation of
coagulation assays and reversal of anticoagulant activity. Thromb Haemost 2010;103:
1116–1127.

39. Heidbuchel H, Verhamme P, Alings M, Antz M, Hacke W, Oldgren J, Sinnaeve P,
Camm AJ, Kirchhof P; European Heart Rhythm Association. European Heart
Rhythm Association Practical Guide on the use of new oral anticoagulants inpatients
with non-valvular atrial fibrillation. Europace 2013;15:625–651.

40. Majeed A, Hwang HG, Connolly SJ, Eikelboom JW, Ezekowitz MD, Wallentin L et al.
Management outcomes of major bleeding during treatment with dabigatran or war-
farin. Circulation 2013;128:2325–2332.

41. Millar CM, Lane DA. Blocking direct inhibitor bleeding. Blood 2013;121:3543–3544.
42. Schiele F, van Ryn J, Canada K, Newsome C. A specific antidote for dabigatran: func-

tional and structural characterization. Blood 2013;121:3554–3562.
43. Lu G, DeGuzman FR, Hollenbach SJ, Karbarz MJ. A specific antidote for reversal of

anticoagulation by direct and indirect inhibitors of coagulation factor Xa. Nat Med
2013;19:446–451.

New oral anticoagulants 145
D

ow
nloaded from

 https://academ
ic.oup.com

/ehjcvp/article/1/2/134/379768 by guest on 20 August 2022


