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Summary
A number of novel oral anticoagulants that directly target factor Xa or
thrombin have been developed in recent years. Rivaroxaban and apixaban (direct factor Xa inhibitors) and dabigatran etexilate (a direct thrombin inhibitor) have shown considerable promise in large-scale, randomised clinical studies for the management of thromboembolic disorders,
and have been approved for clinical use in specific indications. Rivaroxaban is licensed for the prevention of venous thromboembolism in patients undergoing elective hip or knee replacement surgery, the treatment
of deep-vein thrombosis and prevention of recurrent venous thromboembolism, and for stroke prevention in patients with non-valvular atrial
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fibrillation. Based on the clinical trial data for rivaroxaban, feedback on its
use in clinical practice and the authors’ experience with the use of rivaroxaban, practical guidance for the use of rivaroxaban in special patient
populations and specific clinical situations is provided. Although most
recommendations are in line with the European summary of product
characteristics for the approved indications, additional and, in several
areas, different recommendations are given based on review of the literature and the authors’ clinical experience.
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Introduction
Thromboembolism remains a major cause of morbidity and mortality worldwide. Guidelines recommend the routine use of anticoagulation for the primary prevention of venous thromboembolism (VTE; manifesting as deep-vein thrombosis [DVT] and pulmonary embolism [PE]), VTE treatment and stroke prevention in
patients with atrial fibrillation (AF) (1–3). Until recently, anticoagulants were either parenteral – for example, low-molecularweight heparins (LMWHs) and fondaparinux, which are typically
considered for short-term use – or orally administered vitamin K
antagonists (VKAs), such as warfarin, phenprocoumon and
acenocoumarol, usually used long term.
Rivaroxaban, an oral direct factor Xa inhibitor, is now available
for clinical use for the prevention of VTE after elective hip or knee
replacement surgery, prevention of stroke and systemic embolism
in patients with non-valvular AF, and for the treatment of DVT
and prevention of recurrent VTE following an acute DVT. Other
novel oral agents (such as dabigatran etexilate and apixaban) are
also available for specific indications.
This paper provides practical guidance to clinicians for the use
of rivaroxaban in its approved indications, including its use in
some special patient populations and specific clinical situations.

These recommendations are based on published clinical trial data,
regulatory documents, consensus publications and our clinical experience with the use of anticoagulants in clinical practice. In common with other medications, we are aware that differences exist
between the recommendations in the regulatory documents for
rivaroxaban among some countries. For example, for VTE prevention after hip or knee replacement surgery, there are subtle differences in the European and US recommendations – such as those
for patients with moderate and severe renal impairment. To enable
us to provide clinical practice guidance, most of our recommendations reflect the EU summary of product characteristics (SPC),
and where appropriate we provide additional guidance for special
patient populations or specific clinical situations beyond the EU
SPC for the approved indications.

Rivaroxaban: approved indications
An extensive series of phase II studies formed the basis for indication-specific doses of rivaroxaban to be selected and subsequently investigated (4–11). Large-scale, randomised phase III
studies of rivaroxaban investigated its use for the prevention and
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treatment of VTE, stroke prevention in patients with AF and
secondary prevention of coronary events in patients with acute
coronary syndromes (ACS). The dose regimens for the approved
indications for rivaroxaban are given in Table 1.

Prevention of VTE after total hip or knee replacement
surgery
Rivaroxaban was evaluated in four phase III studies (the RECORD
programme) for the prevention of VTE in patients undergoing
elective total hip or knee replacement surgery, compared with enoxaparin 40 mg once daily (od) or 30 mg twice daily (bid) (4–7). In
these studies, rivaroxaban was given at a fixed dose of 10 mg once
daily (od), and the first dose was administered 6–8 hours (h) postoperatively. Based on the outcomes of the RECORD studies, rivaroxaban 10 mg od was approved for the prevention of VTE after
elective hip or knee replacement surgery.

Treatment of DVT and prevention of recurrent VTE
The phase III EINSTEIN DVT and EINSTEIN PE studies assessed
a single-drug approach with rivaroxaban for the treatment of acute
symptomatic DVT and acute symptomatic PE, versus the current
standard of care, and the EINSTEIN EXT study for the prevention
of recurrent VTE versus placebo. EINSTEIN DVT and EINSTEIN
PE involved an initial intensified treatment period with rivaroxaban 15 mg twice daily (bid) for the first three weeks followed
by 20 mg od for continued treatment, and showed non-inferiority
compared with the current standard of care and with similar rates
of bleeding. In addition, EINSTEIN PE also showed a significant
reduction in rates of major bleeding in the rivaroxaban arm (8, 9).
EINSTEIN EXT showed significant reductions in the recurrence
rates of DVT and PE with longer-term use of rivaroxaban 20 mg
od, with a non-significant but numerical increase in the rate of
major bleeding compared with placebo (8).
Rivaroxaban is approved for clinical use for the treatment of
DVT and prevention of recurrent VTE. The dose for the initial
treatment of acute DVT is 15 mg bid for the first three weeks, followed by 20 mg od for the continued treatment and prevention of
recurrent DVT and PE, or 15 mg od for patients with moderate
(creatinine clearance [CrCl] 30–49 ml/minute [min]) or severe
(CrCl 15–29 ml/min) renal impairment. It is important to note
that at this time, June 2012, the regulatory filing for the use of rivaroxaban for the treatment of PE is ongoing and the recommendations made in this paper relate only to its use for DVT treatment.

Stroke prevention in patients with AF
In the phase III ROCKET AF study, rivaroxaban (20 mg od, or
15 mg od for patients with CrCl 30–49 ml/min) was compared
with warfarin. The study met the primary efficacy endpoint and
showed non-inferiority compared with warfarin, and the overall

rates of major and non-major clinically relevant bleeding were
similar between the treatment groups. Patients receiving rivaroxaban experienced significantly fewer intracranial haemorrhages
and fatal bleeding events compared with those receiving warfarin
(10).
Rivaroxaban is approved for clinical use for the prevention of
stroke and systemic embolism in patients with AF based on the
findings of the ROCKET AF study. The approved doses are 20 mg
od for patients with a CrCl of ≥50 ml/min and 15 mg for patients
with renal impairment (CrCl 15–49 ml/min).

Practical management of rivaroxaban in
specific situations
VTE prevention after elective hip or knee
replacement: timing of the first dose
The timing of the first anticoagulant dose is important for the balance of efficacy and safety (i.e. risk of bleeding). The first dose of
rivaroxaban should be taken 6–10 h after surgery, which under
normal circumstances will allow haemostasis to be established
(12). In some clinical circumstances, a specific time frame must be
followed, such as in patients with an epidural catheter (12). Any
invasive procedures should be performed, if possible, at a time

Table 1: Recommended doses of rivaroxaban.
Indication
Dosing schedule
VTE prevention after total hip or knee replacement surgery
5 weeks (elective hip replacement surgery)

10 mg od

2 weeks (elective knee replacement surgery) 10 mg od

Treatment of DVT and prevention of recurrent DVT and PE
15 mg bida

Days 1–21 (3 weeks)
Day 22 and

20 mg od (CrCl ≥50 ml/min)
15 mg od (CrCl 15–49 ml/min)c

onwardsb

Stroke prevention in patients with non-valvular AF
Continuous administration

20 mg od (CrCl ≥50 ml/min)

Continuous administration

15 mg od (CrCl 15–49 ml/min)c

a
No data are available for the use of 15 mg bid in patients with CrCl <30 ml/
min; therefore, we do not recommend routine use of rivaroxaban in these patients. In patients with CrCl 30–49 ml/min and an increased risk of bleeding,
the benefit–risk should be assessed before initiating rivaroxaban 15 mg bid;
conventional therapy may be considered during this initial treatment period.
b
In patients >75 years of age, renal function should be checked regularly (given
the close link between age and decreases in renal function) and a reduced
dose (15 mg od) may be used if necessary. cIn patients with CrCl 15–29 ml/min,
limited data indicate that rivaroxaban plasma concentrations are increased
significantly; therefore, rivaroxaban should be used with caution and the benefit–risk should be assessed before initiating rivaroxaban in these patients. AF,
atrial fibrillation; bid, twice daily; CrCl, creatinine clearance; DVT, deep-vein
thrombosis; od, once daily; PE, pulmonary embolism; VTE, venous thromboembolism.
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when the plasma concentration of rivaroxaban is at its lowest (i.e.
24 h after dosing), to minimise the risk of bleeding events.

Recommendations
VTE prevention after elective hip or knee replacement surgery
●

●

●

●

Rivaroxaban should be initiated 6–10 h after completion of
surgery, provided that haemostasis has been established.
We do not recommend giving the first dose of rivaroxaban
earlier than 6 h after surgery in order not to interfere with
haemostasis.
For patients in whom haemostasis has not been achieved within 10 h, initiation of rivaroxaban should be delayed.
In situations where oral drug administration is not possible –
for example, in patients with severe postoperative vomiting that
is not controlled by anti-emetic therapy – we suggest that a
parenteral anticoagulant is administered. When oral administration becomes possible, rivaroxaban should be started at the
time of the next scheduled dose of parenteral anticoagulant.

Periprocedural management of patients receiving
rivaroxaban
To minimise the risk of bleeding in patients receiving rivaroxaban
(all doses/indications), invasive procedures should be carried out
when the rivaroxaban plasma concentration is at its lowest. The
half-life of rivaroxaban is 5–9 h in young individuals and 11–13 h
in the elderly, and it takes 2–4 h after tablet intake to reach the peak
plasma concentration (13–15). However, rivaroxaban exposure
also depends on the dose administered. The suggested time
window for any invasive intervention is based on the pharmacokinetic profile of rivaroxaban. Prothrombin time (PT; measured in
seconds and using a sensitive reagent such as Neoplastin Plus) may
help to establish a qualitative measure of rivaroxaban exposure
(refer to the ‘Laboratory testing’ section).

Recommendations
Elective surgery in patients receiving long-term rivaroxaban
therapy
●

We recommend that the last tablet should be taken not less than
24 h before the intervention; this applies to patients receiving
any dose of rivaroxaban.

Emergency surgery in patients receiving rivaroxaban
●

●

Surgeons should assess the urgency of the surgery against the
risk of bleeding complications, and an individualised clinical
judgement is essential.
In patients without bleeding, we do not recommend the prophylactic use of haemostatic blood products such as prothrombin complex concentrate (PCC) for reversal of the effects of
rivaroxaban.
● However, in case of severe bleeding, PCC should be considered (see section on ‘Management of bleeding events’).

After the surgical (elective or emergency) intervention or invasive
procedure, rivaroxaban should be restarted at the relevant dose for
the indication as soon as possible, provided the clinical situation
allows and adequate haemostasis has been established.
In our opinion, time without anticoagulation should be minimised. Rivaroxaban has a short half-life and bridging with other
anticoagulants is not required and should not be done. In patients
undergoing procedures with a low risk of bleeding, such as abscess
incision or simple tooth extraction, consideration should be given
to maintaining anticoagulant treatment. Where possible, interventions at peak rivaroxaban activity (i.e. 2–4 h after dosing) should be
avoided.

Neuraxial anaesthesia in patients receiving
rivaroxaban
When neuraxial anaesthesia (spinal or epidural anaesthesia) is
used, patients receiving anticoagulants are at increased risk of
developing an epidural or spinal haematoma, which may cause
long-term or permanent paralysis. Therefore, it is recommended
that these patients are monitored frequently for signs and symptoms of potential neurological impairment.

VTE prevention after elective hip or knee replacement
surgery
For patients anticoagulated with rivaroxaban 10 mg od for VTE
prevention after elective hip or knee replacement surgery, we
advise to also adhere to the following specific periprocedural time
frames.
● Puncture/catheter insertion: in cases of traumatic puncture, the
administration of rivaroxaban should be delayed by 24 h.
● Epidural catheter removal: according to the EU SPC, an epidural catheter should not be removed earlier than 18 h after the
last dose of rivaroxaban; however, the European Society of
Anaesthesiology recommends 22–26 h, taking into account the
longer half-life of rivaroxaban in elderly patients (16).
● The next rivaroxaban dose should be administered not earlier
than 6 h after catheter removal.
Treatment of DVT and stroke prevention in patients
with AF
We do not recommend the use of neuraxial anaesthesia in patients
receiving long-term anticoagulant therapy with rivaroxaban (e.g.
doses of 15 mg or 20 mg). No data are currently available in these
circumstances and experience has shown that many patients on
long-term rivaroxaban may have acetylsalicylic acid (ASA) as a comedication. According to the recommendations of the European
Society of Anaesthesiology, ASA does not need to be interrupted in
patients receiving neuraxial anaesthesia. Therefore, we recommend against the use of neuraxial anaesthesia in these patients to
minimise the risk of bleeding (see the ‘Co-medications’ section for
further details).
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Bridging between anticoagulants before and after
surgery
●

The long-lasting anticoagulant effect of VKAs (17) means that
bridging with a parenteral agent (e.g. LMWH) may be necessary in
patients requiring temporary interruption of a VKA before surgical or invasive procedures. Rivaroxaban has predictable pharmacokinetics, a relatively short half-life (5–9 h in young individuals and 11–13 h in the elderly) (13–15), and a rapid onset of action
after oral administration; the latter is similar to the subcutaneously
administered LMWHs (18, 19). Thus, bridging with another anticoagulant is not required when rivaroxaban is discontinued before
or initiated after surgery.
There are currently no data available for bridging patients from
and to long-acting VKAs with short-acting novel oral anticoagulants during the perioperative phase. We also advise not to use
rivaroxaban for bridging of patients treated with VKAs in this
vulnerable period.

life of 5–6 days compared with ∼40 h for warfarin (20); these
differences must be taken into account during the transition.
If patients receiving VKAs are to transition to rivaroxaban, VKA
therapy should be stopped and the international normalised
ratio (INR) must be monitored closely to assess the residual
effect of the VKAs. Rivaroxaban should be started when the INR
is at an appropriate level after the discontinuation of VKA
therapy (see Fig. 1).
– When converting from warfarin or acenocoumarol, rivaroxaban should be initiated when the INR is <3.0.
– When converting from phenprocoumon, rivaroxaban
should be initiated when the INR is ≤2.5.
– In patients with a higher risk of bleeding, we recommend
starting rivaroxaban when the INR is between 2.0 and 2.5
(the lower part of the target range) when converting from
any VKA.
– Once rivaroxaban has been initiated, measurement of INR
should not be carried out.

Converting patients from rivaroxaban to VKAs

Converting patients from one anticoagulant
to another

●

In patients who require transition between different anticoagulants, it is important to consider how to convert patients from one
anticoagulant to another to ensure optimal clinical outcomes.
Therefore, we have provided specific recommendations for different scenarios.

Recommendations

Switching from and to parenteral anticoagulants

Converting patients from VKAs to rivaroxaban
●

In patients converting from rivaroxaban to VKAs, VKA therapy
should be given concurrently until the INR is ≥2.0. For the first
two days of the conversion period, standard initial dosing of
VKA should be used followed by VKA dosing guided by INR
testing. While patients are on both rivaroxaban and VKA the
INR should be measured 24 h after the previous dose of rivaroxaban but before the next dose because of its influence on the
INR. Once rivaroxaban is discontinued, INR testing may be
done reliably at least 24 h after the last dose.

Warfarin is the most widely used VKA in double-blind phase III
studies of oral anticoagulant therapy. There are, however, a
number of other VKAs, all of which have different pharmacokinetic properties, such as phenprocoumon, which has a half-

●

For patients currently receiving a parenteral anticoagulant,
rivaroxaban should be started at the time of the next scheduled
administration of the parenteral anticoagulant, such as subcutaneous LMWH, or at the time of discontinuation of continuous intravenously administered unfractionated heparin.

Figure 1: Converting from VKAs to
rivaroxaban. INR, international normalised
ratio; VKA, vitamin K antagonist.
© Schattauer 2012
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●

If patients receiving rivaroxaban require switching to a parenteral anticoagulant, the first dose of parenteral anticoagulant
should be given when the next rivaroxaban dose is due.

●

Switching from dabigatran to rivaroxaban

Dabigatran is eliminated primarily as unchanged drug in the urine
and there is a potential for accumulation in patients with renal impairment. The half-life of dabigatran is approximately twice as
long in patients with severe renal impairment (CrCl 10–30 ml/
min) compared with those with normal renal function (21); these
factors should be considered when transitioning from dabigatran
to another agent.
● Similar to recommendations for switching from dabigatran to
parenteral anticoagulants (22), rivaroxaban should be started
when the next dose of dabigatran is due in patients without
moderate renal impairment.
● In patients with a CrCl of >30–≤50 ml/min, we recommend
initiating rivaroxaban 2–4 days after the last dose of dabigatran.
A longer period should be considered in patients with a high
risk of bleeding; where there is doubt, activated partial
thromboplastin time (aPTT) may be assessed (23), and a normal value may suggest no clinically relevant anticoagulant effect
of dabigatran.

●

●

●

Co-medications
The pharmacokinetics and pharmacodynamics of anticoagulants
may be affected by co-medications and the risk of bleeding may increase with co-administration; this may be particularly important
in patients already at an increased risk of bleeding, such as those
with renal impairment. In contrast to the VKAs, which have
multiple drug–drug interactions, rivaroxaban has no clinically relevant interactions with many co-medications (13, 24–28). Rivaroxaban is metabolised mainly via cytochrome P450 3A4
(CYP3A4) and is a substrate of the transporter protein P-glycoprotein (P-gp). Therefore, caution should be taken when rivaroxaban
is co-administered with agents affecting these pathways (13).

Recommendations
● Rivaroxaban is not recommended in patients receiving concomitant systemic treatment with azole-antimycotics (such as
ketoconazole, itraconazole, voriconazole and posaconazole) or
HIV protease inhibitors (e.g. ritonavir). These drugs are strong
inhibitors of both CYP3A4 and P-gp and may increase plasma
rivaroxaban concentrations and, consequently, may increase
the risk of bleeding (Table 2).
● Co-administration of rivaroxaban with other drugs that are
moderate to strong inhibitors of CYP3A4 and/or P-gp may
increase rivaroxaban plasma concentrations to a lesser extent
and is, therefore, not deemed clinically relevant. Nevertheless,
these co-medications should be used with caution, particularly
in patients with increased risk of bleeding or who have renal
impairment (Table 2).

Strong CYP3A4 inducers (e.g. rifampicin, phenytoin, carbamazepine, phenobarbital or St John’s wort) may reduce plasma
rivaroxaban concentrations and thus decrease its efficacy.
Therefore, co-administration should be used with caution
(Table 2).
Substrates of CYP3A4 and/or Pgp, such as midazolam (substrate of CYP3A4), digoxin (substrate of P-gp) and atorvastatin
(substrate of CYP3A4 and P-gp) show no clinically relevant
effect on rivaroxaban plasma concentrations, and may be coadministered (Table 2).
Co-administration of anticoagulant and antiplatelet agents
increases the risk of bleeding; therefore, care must be taken with
these combinations and the benefit–risk should be assessed.
● Rivaroxaban and ASA at doses ≤100 mg per day can be used
but caution is advised because the risk of bleeding is increased.
● Co-administration of rivaroxaban (10 mg or higher) with
ASA alone >100 mg per day should be avoided.
● We recommend against co-administration of daily doses of
rivaroxaban 10 mg or higher with ASA plus clopidogrel or
other thienopyridines (such as ticlopidine, prasugrel) or
plus other ADP P2Y12 receptor antagonists (such as ticagrelor).
Non-steroidal anti-inflammatory drugs (such as naproxen and
ibuprofen) increase the risk of bleeding; therefore, co-administration of rivaroxaban and non-steroidal anti-inflammatory
drugs can be used, but the risk of bleeding will be increased.

Patient characteristics – special
considerations
Patient characteristics may influence the efficacy and safety of anticoagulant therapy. For example, with drugs eliminated predominantly via the kidneys, the risk of bleeding may increase in patients
with impaired renal function. It is important that patient characteristics such as age, gender, body weight and renal function are
not considered in isolation; the combined influence of these factors should be considered when deciding whether a reduced rivaroxaban dose (15 mg od) should be used for long-term therapy (i.e.
secondary prevention of VTE or stroke prevention in patients with
AF).

Age
Increased age is an important risk factor for both thromboembolic
events and bleeding events (29, 30). There is also a strong link
between age and renal function; the rate of glomerular filtration
decreases with increasing age (31). The half-life of rivaroxaban is
longer in elderly subjects (11–13 h) (15) compared with younger
subjects (5–9 h) (13–15). A consistent clinical benefit has been
demonstrated across the different age groups including the elderly
(e.g. those aged >75 years) as evident from subgroup analyses of
data from the phase III studies (8–10, 32).
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Table 2: Concomitant use with agents affecting cytochrome P450 3A4 and P-glycoprotein pathways.
Strong inhibitors of
both CYP3A4 and P-gp

Moderate to strong CYP3A4 Strong inducers
and/or P-gp
of CYP3A4
inhibitors

Effect on rivaroxaban plasma
concentration

Increase rivaroxaban plasma
concentration

Increase plasma
concentrations but the effect
is not clinically relevant

Decrease rivaroxaban plasma
concentration

No clinically relevant effect
on rivaroxaban plasma
concentration

Drugs

HIV protease inhibitors
Azole-antimycotics
(Ketoconazole
Itraconazole
Voriconazole
Posaconazole)

Fluconazole
Erythromycin
Clarithromycin
Amiodaronea
Verapamil

Rifampicin
Phenobarbital
Phenytoin
Carbamazepine
St John’s wort

Digoxin
Atorvastatin
Midazolam

Recommendation

Not recommended

Permitted
Use with caution in patients with
renal impairment and
increased risk of bleeding

Permitted
Use with caution

Permitted

a

Given the limited clinical data available with dronedarone, co-administration with rivaroxaban should be avoided. CYP, cytochrome P450; P-gp, P-glycoprotein.

Recommendations
●

●

●

Substrates of CYP3A4
and/or P-gp

Recommendation

Rivaroxaban is not recommended for patients under 18 years of
age; there are currently no data to support its use in this patient
population.
Rivaroxaban for VTE prevention after total hip or knee replacement surgery: based on the data from the phase III studies and
subgroup analyses, we do not recommend dose adjustment for
age.
Rivaroxaban for stroke prevention and DVT treatment: renal
function in elderly (i.e. aged >75 years) patients should be
monitored regularly. A reduced dose is indicated (15 mg od
instead of 20 mg od) for patients with CrCl <50 ml/min (see
Table 1 for appropriate dose adjustment).

Gender
Gender has no significant influence on the pharmacokinetics and
pharmacodynamics of rivaroxaban (33), and the efficacy and
safety outcomes of the phase III studies in several indications were
similar between male and female patients (8–10, 32).

Recommendation
● No dose adjustment is required for gender alone.

Body weight
Extremes of body weight (<50 kg or >120 kg) have only a minor
influence on rivaroxaban plasma concentrations, which is not
clinically relevant. In addition, no lower or upper limits for weight
were applied in any of the clinical trials, although there are limited
data for patients at each end of the weight spectrum.

●
●

No dose adjustment is necessary for body weight alone.
However, for long-term treatment we suggest 15 mg od instead
of 20 mg od for patients aged >75 years and with a body weight
of ≤50 kg) to avoid increased rivaroxaban exposure.

Renal impairment
Of the administered rivaroxaban dose, approximately two-thirds
undergo metabolic degradation, with half being eliminated renally
and the other half eliminated by the hepatobiliary route. The final
one-third of the administered dose undergoes direct renal excretion as unchanged active substance in the urine (34).
Consequently, increasing renal insufficiency is associated with
decreased rivaroxaban clearance (35).

Recommendations
For recommendations for patients with renal impairment please
also see Table 1 and Figure 2.
● For patients who are receiving long-term rivaroxaban therapy,
we recommend that renal function should be estimated by determination of CrCl using the Cockcroft–Gault formula before
initiating rivaroxaban therapy. Attention should be paid subsequently to situations known to alter renal function during longterm treatment.
● For VTE prevention after major orthopaedic surgery (10 mg
od): no dose adjustment is necessary in patients with mild
(CrCl 50–80 ml/min) or moderate (CrCl >30–49 ml/min) renal
impairment.
● For DVT treatment, the standard initial three-week treatment
dose is 15 mg bid for all patients.
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After the first three weeks, patients should receive 20 mg od
(CrCl ≥50 ml/min), or 15 mg od in those with moderate
renal impairment (CrCl 30–49 ml/min).
For stroke prevention in patients with non-valvular AF, the
standard dose is 20 mg od for patients with CrCl >50 ml/min
and 15 mg od for patients with moderate renal impairment
(CrCl 30–49 ml/min).
Patients with severe renal impairment (CrCl <30 ml/min) were
excluded from all phase III trials, and limited data in patients
with CrCl 15–29 ml/min indicate that rivaroxaban plasma
concentrations are increased significantly (35). Therefore,
rivaroxaban should be used with caution and the benefit–risk
should be assessed before initiating rivaroxaban and during
treatment in patients with CrCl 15–29 ml/min.
Rivaroxaban is not recommended in patients with CrCl <15 ml/
min; rivaroxaban should be discontinued if/when renal function deteriorates to CrCl <15 ml/min, irrespective of the cause.
For long-term treatment we suggest 15 mg od instead of 20 mg
od for patients aged >75 years and CrCl <50 ml/min.
●

●

●

●

●

Recommendations
●

●

Rivaroxaban is contraindicated in patients with hepatic disease
associated with coagulopathy and clinically relevant risk of
bleeding, including cirrhotic patients (Child–Pugh B and C).
No dose adjustment is required in patients with mild hepatic
impairment (Child–Pugh A).

Patients with AF and ACS
There are currently no data available for rivaroxaban (or other
novel oral anticoagulants) for stroke prevention in patients with
AF who are also presenting with ACS. Therefore, patients with ACS
who are receiving dual antiplatelet therapy should not be given the
rivaroxaban doses 20 mg (or 15 mg) approved for stroke prevention in AF. We recommend that such patients should receive VKA
therapy (INR 2.0–2.5) in accordance with the ESC guidelines (2).

Pregnancy and breast feeding
Hepatic impairment
●

Cirrhotic patients with mild hepatic impairment (Child–Pugh A)
exhibited only minor changes in rivaroxaban pharmacokinetics,
similar to matched healthy control subjects. In cirrhotic patients
with moderate hepatic impairment (classified as Child–Pugh B),
rivaroxaban exposure was increased, leading to an increase in its
pharmacodynamic effects (36).

Figure 2: Recommended doses of rivaroxaban in patients with renal
impairment: Treatment of DVT and prevention of recurrent VTE and
stroke prevention in patients with AF. aNo data are available for the use
of 15 mg bid in patients with CrCl <30 ml/min; therefore, we do not recommend routine use of rivaroxaban in these patients. In patients with CrCl
30–49 ml/min and an increased risk of bleeding, the benefit–risk should be
assessed before initiating rivaroxaban 15 mg bid; conventional therapy may
be considered during this initial treatment period. bIn patients >75 years of

●

We do not recommend the use of rivaroxaban during pregnancy. Preclinical studies in animals have shown that rivaroxaban
crosses the placenta.
Similarly, data from animal studies indicate that rivaroxaban is
secreted into milk and we do not recommend its use during
breastfeeding.

age, renal function should be checked regularly (given the close link between
age and decreases in renal function) and a reduced dose (15 mg od) may be
used if necessary. In patients with CrCl 15–29 ml/min, limited data indicate
that rivaroxaban plasma concentrations are significantly increased; therefore, rivaroxaban should be used with caution and the benefit–risk should be
assessed before initiating rivaroxaban in these patients. AF, atrial fibrillation;
bid, twice daily; CrCl, creatinine clearance; DVT, deep-vein thrombosis;
od, once daily; PE, pulmonary embolism; VTE, venous thromboembolism.
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Figure 3: Recommended strategies for the
management of bleeding events. FFP, fresh
frozen plasma; PCC, prothrombin complex
concentrate; rFVIIa, recombinant factor VIIa.

Management of bleeding events
All anticoagulants carry a risk of bleeding, and some patients may
be at an increased risk of bleeding complications because of specific characteristics. Vitamin K administration for coagulopathy
associated with VKA therapy takes up to 24 h or longer to reverse
the effect (37), and the method for the reversal of VKAs depends on
the clinical situation and the severity of bleeding. For example,
PCC plus vitamin K are used for the rapid reversal of VKA therapy
(38). Protamine is used for heparin, but it can only partially reverse
the effects of LMWHs (39). It should be noted that protamine and
vitamin K do not affect the anticoagulant activity of rivaroxaban.
Rivaroxaban has a relatively short half-life (5–13 h) (13–15). Drug
discontinuation is recommended in case of bleeding events and routine protocols for bleeding management should be applied generally.

Recommendations
Please also see Figure 3 for recommendations for management
of bleeding events.
● Management should be individualised according to the severity
and location of the haemorrhage.
● If a bleeding complication occurs in a patient receiving rivaroxaban, the next rivaroxaban dose should be delayed or
treatment discontinued as appropriate.
● Appropriate symptomatic treatment should be used, such as
mechanical compression, surgical haemostasis with bleeding
control procedures, fluid replacement and haemodynamic support, or blood products (packed red cells and/or fresh frozen
plasma), depending on the severity of the bleeding event.
● In case of a severe, life-threatening bleeding event PCC should
be administered (40, 41). Depending on the severity of bleeding
we suggest to use the same dosing of PCC as recommended for
reversal of VKA-induced bleeding, i.e. 25–50 IU per kg bodyweight. Activated PCC (FEIBA) and recombinant factor VIIa

●

●

●

have also been tested in experimental settings for reversal of the
anticoagulant effect of rivaroxaban (41), but their prothrombotic potential may be higher than that of PCC. We recommend
the use of PCC as the first choice.
In case of overdose of rivaroxaban, activated charcoal may be
useful to reduce its absorption; if the overdose is accompanied
by bleeding events, it is recommended to follow the methods
suggested above for the general management of bleeding (13).
Because it has high plasma protein binding, rivaroxaban is
not dialysable.
The risk of thrombotic events should be assessed when bleeding
has ceased and rivaroxaban should be restarted according to the
recommended regimens when appropriate.

Laboratory testing
Rivaroxaban has been shown to have predictable pharmacokinetics and pharmacodynamics, a wide therapeutic window (13,
15, 42–44) and does not warrant routine coagulation monitoring.
However, simple, reliable assays to assess rivaroxaban exposure are
useful in certain clinical circumstances, such as in suspected overdose, in patients who require emergency surgery, in those with a
thromboembolic or haemorrhagic event, in candidates for thrombolysis, or as a measure of compliance when non-compliance is
suspected. As with other novel oral anticoagulants, rivaroxaban
influences global coagulation assays, such as PT and aPTT, and this
has been further demonstrated in recent in vitro and ex vivo studies
(45–48). However, routine coagulation tests (such as PT and
aPTT) do not reflect the circulating levels of rivaroxaban and are
not suitable for quantitative assessment of rivaroxaban exposure.
Of note, as seen with other anticoagulants, rivaroxaban may
interfere with functional testing for thrombophilia (49). Falsepositive results for lupus anticoagulant testing have also been re-
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ported in patients receiving rivaroxaban (50). To minimise the potential influence of rivaroxaban on thrombophilia testing, blood
samples should be taken 24 h or later after the last rivaroxaban dose.

Prothrombin time
PT assayed using Neoplastin Plus is influenced by rivaroxaban in a
dose-dependent manner, with a close correlation to plasma
rivaroxaban concentrations (14, 42). However, PT (expressed in
seconds) varies markedly with different thromboplastins because
of their different response sensitivities to rivaroxaban. The conventional INR system, which was developed specifically for monitoring the VKAs, does not correct for these variations and must not be
used (51, 52).

Recommendation
Please also see Table 3 for recommendations for measuring PT.
● We do not recommend the use of PT/INR or CoaguCheck tests,
or PT with insensitive reagents (such as Innovin and others) to
assess levels of anticoagulation with rivaroxaban. However, normal values of PT measured in seconds using an agent sensitive
to rivaroxaban (such as Neoplastin Plus) suggest no clinically
relevant anticoagulation effects of rivaroxaban. For the
measurement of peak activity at the time of maximum plasma
concentration, blood should be taken 2–4 h after dosing.
● If PT is used with a sensitive reagent, measurement of trough
activity immediately before the next dose could indicate
whether there is accumulation.
Table 3: Laboratory assays for assessing rivaroxaban exposure
(51).

Assay

Suitability/limitations

Prothrombin time

●

●

●

●

Anti-factor Xa
chromogenic assay

●
●

●

Expressed in ‘seconds’: marked variations with
different reagents
Conventional INR does not correct for the
variations and must not be used
The use of PT/INR or CoaguCheck tests, or PT with
insensitive reagents (such
as Innovin and others) to assess levels of anticoagulation with rivaroxaban is not recommended
Normal values of PT measured in seconds using an
agent sensitive to rivaroxaban (such as Neoplastin
Plus) suggest no clinically relevant anticoagulant
effect of rivaroxaban
Specific and sensitive for quantitative measurements
Requires rivaroxaban calibrators and controls
(commercially available)
Results need to be interpreted in relation to the
timing of tablet intake in accordance with the
pharmacokinetic profile

Routine measurement of the drug effects or plasma rivaroxaban
concentrations is not necessary
INR, international normalised ratio; PT prothrombin time.

Anti-factor Xa chromogenic assay
Inhibition of factor Xa activity correlates closely with plasma rivaroxaban concentrations, and anti-factor Xa chromogenic assays have
been shown to be specific and sensitive for measuring a wide range
of plasma rivaroxaban concentrations that cover the expected rivaroxaban concentrations after therapeutic doses; the measurements
showed acceptable accuracy and precision (47, 51, 53). Trough values could be measured to indicate if there is drug accumulation.

Recommendations
Please also see Table 3 for recommendations on using the
anti-factor Xa chromogenic assay.
● An anti-factor Xa chromogenic assay is recommended for
quantitative measurements of rivaroxaban exposure.
● Rivaroxaban calibrators and controls (commercially available,
e.g. from Technoclone, Hyphen-Biomed) should be used for
calibration, with results expressed as ng/ml of rivaroxaban.
● Assessment of rivaroxaban concentrations must be interpreted
in relation to the timing of drug administration in accordance
with the pharmacokinetic profile of rivaroxaban.
It should be noted, however, that routine measurement of the drug
effects or plasma concentrations of rivaroxaban is not necessary,
and assessment of rivaroxaban exposure should only be carried
out in emergency situations or to confirm patient compliance.

Conclusions
Although the new anticoagulants may replace some of the traditional agents, certain changes in hospital routine and patient management strategies are required when introducing these new
agents to clinical practice. Rivaroxaban is currently used worldwide for the prevention of VTE in adult patients undergoing elective hip or knee replacement surgery, and has received further
approval for the treatment of DVT and long-term secondary prevention of VTE, and for stroke prevention in patients with nonvalvular AF. It is anticipated that rivaroxaban and other newly
approved oral agents may simplify the patient management routine and, thereby, improve overall clinical outcomes. However, it is
important to understand the potential challenges with the use of
the novel oral agents and to follow recommendations, particularly
in specific patient groups and clinical situations, to achieve optimal patient outcomes.
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