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SUMMARY
Warfarin and the new oral anticoagulants are licensed for non-valvular atrial fibrillation and 
venous thromboembolism.

The choice of anticoagulant depends on the characteristics of the patient and the medicine. Key 
considerations include patient adherence, kidney and liver function, and potential interactions with 
concomitant drugs. Dosing should accommodate these factors.

Patients should be regularly monitored for bleeding, adherence to treatment, and changing 
comorbidities and concomitant drugs. Renal function should be checked at least annually.

Other than idarucizumab for dabigatran, there are no widely available antidotes for the new oral 
anticoagulants. In a patient with normal renal and hepatic function, drug concentrations and 
anticoagulant effect are expected to diminish by over 90% after stopping treatment for 48 hours.

Matching the characteristics of the individual patient 
to the characteristics of each oral anticoagulant is 
important when choosing therapy.4 The Table lists 
approved indications and key characteristics of oral 
anticoagulants. A major difference between NOACs 
is the contribution of the kidneys to drug clearance, 
which is greatest for dabigatran. Key decision points 
when choosing an oral anticoagulant are illustrated in 
the Figure.

Patient characteristics
Warfarin should be used for patients with 
mechanical heart valves as data for the NOACs are 
either lacking or show inferiority to warfarin. We 
recommend that patients established on warfarin 
with a high percentage of time in the therapeutic 
range (e.g. >70% of INR values at target)5 should 
remain on warfarin.

The uncertainty around dosing of NOACs in severe 
liver impairment (e.g. Child Pugh C) or renal 
impairment (e.g. creatinine clearance <30 mL/min) 
means that warfarin is favoured in these patients. 
NOACs are not recommended during pregnancy or 
breastfeeding as there are alternatives associated 
with greater safety and efficacy data. Warfarin 
is teratogenic and thus contraindicated during 
pregnancy, but is compatible with breastfeeding as 
transfer into breastmilk is negligible.

Drug–drug interactions
Co-administration of medicines that are strong 
enzyme or transporter inducers (e.g. rifampicin) 
or inhibitors (e.g. erythromycin)6 are expected to 

Introduction
Three new oral anticoagulants (NOACs) – dabigatran, 
rivaroxaban and apixaban – were listed on the 
Pharmaceutical Benefits Scheme in 2012. These 
drugs are also known as non-vitamin K antagonists 
and are alternatives to warfarin for some long-
term indications, including the prevention of 
thromboembolism in non-valvular atrial fibrillation 
and the treatment of venous thromboembolism 
(see Table).1,2

A key difference between NOACs and warfarin is in 
the use of coagulation testing. Warfarin dosing is 
guided by a coagulation test, the INR. With NOACs, 
coagulation monitoring was not used in the major 
randomised controlled trials that support their use.

Once the decision to anticoagulate has been made, 
the following questions need to be considered:

•• Which anticoagulant drug should be prescribed?

•• What dose should be used?

•• What monitoring do patients need?

•• How is bleeding managed if it occurs?

Choice of oral anticoagulant
All the major trials comparing NOACs to warfarin have 
been non-inferiority studies.3 These trials were not 
designed to test superiority over warfarin in relation 
to thrombosis and bleeding, which is an important 
limitation of such claims based on the data. The trials 
found the newer drugs were non-inferior to warfarin 
for the primary outcomes (including thrombosis and 
bleeding) when used to treat atrial fibrillation and 
venous thromboembolism.
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Table   �Characteristics of oral anticoagulants

Warfarin Apixaban Dabigatran Rivaroxaban

Brand Coumadin, Marevan Eliquis Pradaxa Xarelto

Licensed indications AF, VTE, valvular 
heart disease

AF, VTE AF AF, VTE

Dosing frequency daily twice daily twice daily daily †

Oral bioavailability ‡ 100% 50% 7% >80% §

Excretion unchanged in urine ‡ 0% 34% 80% 36%

Major metabolic/transport pathways CYP2C9 CYP3A4, P-glycoprotein P-glycoprotein # CYP3A4, P-glycoprotein

Drug half-life ¶

healthy young individuals 40 hours 10 hours 14 hours 7 hours

chronic kidney disease

moderate not reported not reported 19 hours 9 hours

severe – – 28 hours 10 hours

chronic liver disease

moderate not reported not reported 12 hours 10 hours

severe – – not reported not reported

Effect of chronic disease on  
anticoagulant concentrations **

chronic kidney disease

moderate not reported 30% increase 210% increase 50% increase

severe – 40% increase 530% increase 60% increase

chronic liver disease

moderate not reported 9% increase 6% decrease 120% increase

severe – not reported not reported not reported

Effect of concomitant drugs on 
anticoagulant concentrations ††

Amiodarone increases 
anticoagulant

Erythromycin increases 
anticoagulant

Verapamil increases 
anticoagulant

Erythromycin increases 
anticoagulant

Rifampicin decreases 
anticoagulant

Rifampicin decreases 
anticoagulant

Rifampicin decreases 
anticoagulant

Rifampicin decreases 
anticoagulant

AF atrial fibrillation      VTE venous thromboembolism      CYP cytochrome P450
All values are means.
†	 Initial dosing in normal renal function is twice daily, maintenance dose is once daily.
‡	 Values in healthy young individuals.
§	 When administered with food (when fasting, the oral bioavailability of rivaroxaban 20 mg is 66%).
#	 Dabigatran etexilate, the prodrug of dabigatran, but not dabigatran itself, is a P-glycoprotein substrate.
¶	 Kidney and liver disease usually reduce drug clearance and thus increase drug half-lives.
**	For example, 100% increase indicates that concentrations were double that of the reference healthy group.
††	�See Australian Medicines Handbook interaction tables for more examples of drugs that inhibit or induce metabolic or transport pathways  

(https://amhonline.amh.net.au/interactions).
Source: References 1, 2

cause significant changes in oral anticoagulant drug 
concentrations, with corresponding changes in 
anticoagulation effect (Table).1 While drug interactions 
with warfarin can be managed by dose adjustment 
and INR monitoring, it is less clear how to proceed 
with dabigatran, rivaroxaban and apixaban. We 

recommend avoiding concomitant strong inhibitors 
and inducers of cytochrome P450 (CYP) 3A4 
and P-glycoprotein with NOACs. The Table lists 
some examples of interacting drugs, with more 
comprehensive lists available in the Australian 
Medicines Handbook.
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Dose
Pharmacokinetic and pharmacodynamic factors 
should be considered when selecting doses of the 
NOACs. Pharmacokinetic factors affecting drug 
concentrations are outlined in the Table, and include 
renal and hepatic impairment and concomitant 
interacting medicines that affect drug metabolism 
(e.g. CYP3A4) or P-glycoprotein. Pharmacodynamic 
factors affect the risk of thromboembolism 
or bleeding independently of any effect on 
drug concentrations. There is overlap between 
factors that raise thromboembolic risk (age over 
65 years, hypertension, known vascular disease 
such as previous stroke or myocardial infarction, 
heart failure, diabetes, female gender) and bleeding 
risk (age over 65 years, uncontrolled hypertension, 
previous stroke, abnormal renal and liver function, 
bleeding history, excess alcohol and concomitant 
medicines such as antiplatelet drugs, non-steroidal 
anti-inflammatory drugs and selective serotonin 
reuptake inhibitors).8,9

Dosing guidance in the product information is a good 
starting point to select the dose. However, some of 
the information is inconsistent or unclear, especially 
for pharmacokinetic drug interactions.

When considering the risk of bleeding, for 
patients with one pharmacokinetic factor such 
as moderate renal impairment, doses can be 
adjusted in proportion to the predicted changes 
in anticoagulant concentrations outlined in the 
Table. This was not done in the trials of apixaban, 
dabigatran and rivaroxaban, but the principles of 
dose-individualisation are well established across 
many drugs. There is evidence that dose adjustment 
of dabigatran beyond what was described in the 
trial protocol for atrial fibrillation is associated 
with improved clinical outcomes.10 Dosing patients 
with several coexisting factors is difficult without 
a reliable method of monitoring the drug’s 
anticoagulant effect.

Clinical and laboratory monitoring
Clinical monitoring begins with monitoring patient 
events and educating the patient to report 
bleeding. Poor adherence is the most common 
cause of treatment failure so adherence should be 
encouraged and monitored.11,12 Patient characteristics 
such as comorbidities and concomitant medications 
can change. This may alter the risks of thrombosis 
and bleeding so dose adjustment or a change 
in treatment may need to be considered. As a 
minimum, these components of clinical monitoring 
should occur with every prescription of an oral 
anticoagulant (see Box).

Patient preference
After drug and patient characteristics have been 
considered, patient preferences and the prescriber’s 
experience with different anticoagulants should 
be considered. For example, some patients prefer 
to avoid frequent blood tests. Conversely other 
patients taking warfarin view INR monitoring as a 
benefit rather than a barrier to therapy, and gain 
reassurance from these tests.7 There should still 
be regular blood tests for renal function, given 
that all NOACs are subject to some degree of renal 
elimination. Finally, as NOACs have shorter half-lives 
than warfarin (Table), warfarin may be preferred 
if daily adherence is a problem. Patients will have 
a lower clinical risk of thrombosis if they forget to 
take warfarin than if they forget to take one of the 
NOACs. Apixaban and rivaroxaban may be kept in 
dosette boxes. In contrast, dabigatran should be kept 
in its foil blister pack or bottle to minimise the risk 
of degradation.

Fig.   �Choosing an oral anticoagulant for long-term use 

Is the patient already on warfarin?

Is INR control adequate  
(e.g. >70% of INR in 
therapeutic range)?

Is there an approved new oral 
anticoagulant for the indication?

Is poor adherence suspected?

Is the patient taking a strong 
inducer of enzymes or transporters? 

Is there severe renal or hepatic 
impairment?

Discuss anticoagulant options 
with patient

Discuss starting or continuing 
warfarin with the patient

Yes

Yes Yes

No

No

No

Yes No

Yes

Yes

No

No
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For minor bleeding, such as mild epistaxis, local measures 
may be adequate. For more serious bleeding, such as an 
intracranial haemorrhage, discontinue the anticoagulant 
at least until the bleeding has been stabilised and the 
clinical status of the patient (including ongoing bleeding 
risk) has been sufficiently evaluated. When bleeding is 
severe, the patient should be referred to hospital.

While ‘antidotes’ to apixaban, dabigatran and 
rivaroxaban exist,16 they are parenterally delivered 
recombinant proteins that are not readily available 
outside of drug development trials. The exception is 
idarucizumab, which was recently approved.17 Otherwise, 
the main antidote is time. Drug concentrations and 
anticoagulant effect are expected to diminish by more 
than 90% after treatment has been stopped for four 
half-lives. The Table lists average half-lives according 
to anticoagulant and renal and hepatic function. These 
data may be used to inform the timing of when the 
anticoagulant should be interrupted before a procedure 
with a low risk of bleeding. Stopping 2–3 drug half-lives 
before such procedures has been suggested.13

Are NOACs better than warfarin?
The purported benefits of the newer oral anticoagulants 
over warfarin include predictable pharmacokinetics, 
fewer interactions with foods and other drugs, a lack of a 
need for routine laboratory coagulation monitoring, and 
quicker onset and ‘offset’ of action.

The claim that NOACs have predictable 
pharmacokinetics is misleading. For example, for a 
given dosage of dabigatran, the 10th to 90th centiles 
of observed steady-state concentrations encompassed 
a five-fold range of values.18 This degree of variability 
is typical for most drugs.19 Hence, it is remarkable that 
clinical outcomes from fixed-dose NOACs have been 
found to be non-inferior to INR-targeted warfarin. 
These non-inferiority trial findings are supported by 
observational studies of real-world use, especially for 
dabigatran,20,21 albeit not entirely.22

The lack of an established need for routine coagulation 
monitoring with NOACs may be convenient for patients 
who do not have ready access to INR testing for warfarin 
therapy. However, it makes monitoring adherence 
and managing thrombotic events more difficult.13 
Also, although NOACs have fewer food and drug 
interactions than warfarin,2 the relative lack of familiarity 
with interactions and routine monitoring means that 
prescribers may miss important interactions.

The quicker onset and ‘offset’ of action with NOACs is 
both a positive and a negative. On the one hand, the 
need for bridging with parenteral anticoagulants may be 
obviated with NOACs. Conversely, missing even a single 
dose could result in a period of minimal anticoagulation12 
(see the Table for half-lives).

Renal function
Renal function should be monitored regularly because 
renal impairment increases the risk of bleeding 
with all of the NOACs.12,13 We suggest 6–12 monthly 
monitoring, and additional testing with changing 
clinical circumstances, such as a change in diuretics in 
patients with heart failure. It is important to note that 
all of the oral anticoagulant trials used the Cockcroft-
Gault estimation of creatinine clearance to gauge renal 
function (in mL/min). If the laboratory estimate of 
glomerular filtration rate (eGFR) is used, the values (in 
mL/min per 1.73m2) should be adjusted for the patient’s 
body surface area, especially at the extremes of size.14

Coagulation tests
There is increasing recognition that coagulation tests 
are valuable for informing the management of an 
acute thrombotic or bleeding event in patients taking 
NOACs.15 In contrast, the role of the tests in guiding 
dosing in the ambulatory setting remains controversial, 
partly because of questions about the choice of test 
and target range.1 Routine screening coagulation tests – 
including the INR, activated partial thromboplastin time 
(aPTT) and thrombin time (TT) – all correlate to varying 
degrees with plasma concentrations of the NOACs.15 
However, as the relationships between each of these 
tests and anticoagulant concentrations varies by drug 
and by laboratory, interpretation should be performed in 
consultation with local specialists. Specific advice about 
interpretation of coagulation tests is available from the 
Australasian Society of Thrombosis and Haemostasis.13

Management of bleeding
In addition to gauging the severity of bleeding, the 
patient’s recent intake of oral anticoagulants should be 
evaluated. For example, a clear history of an overdose 
preceding the bleeding event may inform subsequent 
decisions for long-term anticoagulation. Laboratory 
tests may also be needed. Other more definitive tests 
to identify the bleeding site, such as gastrointestinal 
endoscopy, are performed as required.

Box   �Patient monitoring with new oral 
anticoagulants

Clinical

Adherence to therapy

Symptoms and signs of bleeding

Changing comorbidities such as new heart failure

Concomitant medicines

Laboratory

Renal function

Other tests as clinically indicated e.g. blood counts, liver 
function tests
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hepatic function, not taking other drugs that may 
interact, and who wishes to minimise blood tests, 
is a good candidate for apixaban, dabigatran or 
rivaroxaban. However, if adherence is a potential 
problem, it may be safer to recommend warfarin. 
While it is plausible that dose adjustment guided 
by routine laboratory coagulation monitoring will 
improve outcomes, the extent of the clinical benefit 
remains to be seen.1 Until then, prescribers should be 
vigilant in monitoring adherence and renal function to 
optimise the benefits of NOACs. 
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A limitation of both the interventional and 
observational data so far is the relative lack of 
longitudinal information. The best available evidence 
is for dabigatran in atrial fibrillation, where the rates 
of major thrombotic and bleeding events were 
comparable to warfarin over five years.23 Similar data 
for the other oral anticoagulants, and with ‘indefinite’ 
use for venous thromboembolism, are expected.

Conclusion

Instead of considering whether NOACs are ‘superior’ 
to warfarin, it is more constructive to see them 
as useful arrows in the prescriber’s quiver of oral 
anticoagulants. A patient with adequate renal and 
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