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Abstract Patients undergoing major orthopaedic surgery
are at considerable risk for venous thromboembolism in the
days and weeks after surgery. Consequently, thrombopro-
phylaxis after major orthopaedic surgery, including total
hip arthroplasty (THA) and total knee arthroplasty (TKA),
is regarded as a standard element of the post-surgical care
of such patients. A range of agents are available for use as
thromboprophylaxis, including low molecular weight hepa-
rins, fondaparinux or warfarin. Rivaroxaban—a novel, oral
direct Factor Xa inhibitor—was recently assessed as a
potential alternative to current prophylactic strategies in
phase III clinical trials carried out in the setting of major
orthopaedic surgery. Rivaroxaban was compared to enox-
aparin both in patients undergoing THA and in patients
undergoing TKA. Based on the positive results of these
studies, rivaroxaban has recently received marketing
approval in the European Union and Canada. Here, we
review the clinical database to support the use of this agent
after TKA.
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Introduction

Patients undergoing major orthopaedic surgery face an
increased risk for venous thromboembolism (VTE), includ-
ing deep vein thrombosis (DVT) and pulmonary embolism

(PE), in the days and weeks after their operation [1]. In
recent years, the routine use of anticoagulants has played a
signiWcant role in reducing the morbidity and mortality
associated with VTE after major orthopaedic surgery,
including total knee arthroplasty (TKA) [2]. Venographic
DVT and proximal DVT occur within 7–14 days in 40–60
and 10–30% of patients who receive no thromboprophy-
laxis after major orthopaedic surgery. With routine throm-
boprophylaxis, fatal PE is now uncommon, although
symptomatic VTE occurs in 1.3–10% of patients within
3 months of surgery [2].

Currently, the most commonly used anticoagulants are
the subcutaneously administered low molecular weight
heparins (LMWHs such as enoxaparin) and the synthetic
pentasaccharide fondaparinux (a selective indirect Factor
Xa inhibitor). Their use is strongly recommended in inter-
national guidelines [2]. Also recommended in the guide-
lines is the use of vitamin K antagonists, such as warfarin.
However, their use is hampered by the need for frequent
coagulation monitoring and the unpredictable pharmaco-
logical proWle of this agent, with numerous adverse food
and drug interactions and the potential risk for major bleed-
ing events. Acetylsalicylic acid alone is not recommended
by the American College of Chest Physicians (ACCP) for
prophylaxis in this patient group [2].

The ACCP guidelines for VTE prevention after TKA
have recently been updated and now suggest anticoagula-
tion for up to 35 days after surgery (grade 2B) [2], which is
an extension to the minimum of 10-day prophylaxis sug-
gested in previous guidelines (grade 1A) [1]. Consequently,
there is a clinical need for new oral anticoagulants that
eVectively reduce the risk of VTE after major orthopaedic
surgery, without an increased risk of bleeding events, and
which ideally would provide a practical route of adminis-
tration once patients are discharged from hospital [3]. In
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addition, anticoagulants that reduce the time spent in hospi-
tal after surgery and can be taken easily by patients at home
would be advantageous.

New oral anticoagulants—dabigatran and rivaroxaban—
target speciWc elements of the coagulation cascade to main-
tain or improve the beneWt–risk proWle [4–7]. Dabigatran is
a direct thrombin inhibitor; inhibition of thrombin activity
prevents the penultimate step in clot formation—the con-
version of Wbrinogen to Wbrin, a basic component of a clot.
Rivaroxaban is a direct Factor Xa inhibitor and targets an
earlier step of the coagulation cascade prior to the conver-
sion of prothrombin to thrombin. Both dabigatran and riva-
roxaban have recently been approved for VTE prevention
after TKA and total hip arthroplasty (THA) in the European
Union and Canada.

In this paper, we will review the clinical trial data now
supporting the clinical use of rivaroxaban for VTE preven-
tion after TKA and the potential role of this agent in routine
post-surgical management of TKA patients.

Pharmacological characteristics of rivaroxaban

The pharmacological proWle of rivaroxaban has been exten-
sively investigated in a series of preclinical studies. These
studies have shown that rivaroxaban has a rapid onset of
action [8], and high oral bioavailability [5, 9]. The maxi-
mal plasma concentration (Cmax) of this agent is reached
in 2–4 h after oral administration, with no evidence of sub-
stantial accumulation [9, 10]. Importantly, for an oral agent
that may be used in the outpatient setting, food restrictions
are not necessary with rivaroxaban [11] and studies have
conWrmed a lack of clinically relevant interactions with
medications that might be concomitantly prescribed in
patients after TKA [12–15].

Predictable pharmacokinetics (PK) is an important char-
acteristic for new oral anticoagulants. Rivaroxaban demon-
strated predictable PK and pharmacodynamics (PD) in
patients undergoing TKA or THA [16, 17] and patients do
not require monitoring. In addition, age, renal function and
body weight had only small eVects on the PK/PD proWle of
rivaroxaban, suggesting Wxed doses of rivaroxaban can be
given to patients [18–20].

Venous thromboembolism prevention after major 
orthopaedic surgery

Rivaroxaban underwent an extensive phase II development
programme. An open-label study in patients undergoing
THA provided proof of principle for rivaroxaban [21]. This
dose-escalation study conWrmed eYcacy in VTE preven-
tion of rivaroxaban at doses of 2.5–30 mg given twice daily

(bid) or 30 mg once daily (od) relative to the LMWH com-
parator enoxaparin 40 mg od. Two further phase IIb studies
of rivaroxaban given bid conWrmed these observations for
the prevention of VTE after THA [22] and TKA [23].
Finally, similar major bleeding rates and eYcacy in VTE
prevention at least comparable with enoxaparin were dem-
onstrated in a further phase IIb study of rivaroxaban given
od for the prevention of VTE after THA [24].

Phase II programme in TKA

The phase II analyses aimed to determine an appropriate
dosing regimen for phase III evaluation after TKA. Riva-
roxaban was assessed relative to enoxaparin in 621 patients
undergoing TKA [23]. Patients received total daily doses of
5, 10, 20, 40 or 60 mg oral rivaroxaban (bid), starting 6–8 h
after wound closure and continuing every 12 § 2 h for
5–9 days after surgery. As this study was conducted in the
USA, enoxaparin 30 mg bid was initiated the morning after
surgery (12–24 h after surgery) and continued every
12 § 2 h in accordance with the usual North American
practice. Rivaroxaban at a total daily dose of 5–20 mg
achieved similar eYcacy to enoxaparin in patients undergo-
ing TKA. The primary endpoint of the composite of DVT,
non-fatal PE and all-cause mortality occurred between
23.3% (10 mg bid) and 40.4% (5 mg bid) in the rivarox-
aban arm and 44.3% in the enoxaparin arm. Major bleeding
events also occurred at a similar frequency between the two
treatment arms. There was a Xat dose–response relationship
between rivaroxaban and the primary eYcacy endpoint
(p = 0.29) across the dose range studied, conWrming the
wide therapeutic window for this agent. Doses up to 20 mg
total rivaroxaban per day provided comparable safety in
terms of an incidence of major bleeding events similar to
that of enoxaparin.

The od dosing study in patients undergoing THA [24]
demonstrated the eYcacy and safety of rivaroxaban doses
of 5–40 mg od relative to enoxaparin. As the study was
conducted in Europe, the enoxaparin regimen was 40 mg
od, starting the evening before surgery. When eYcacy and
safety were considered, these data supported the selection
of a daily dose of 10 mg as the optimal dose for investiga-
tion in phase III. Support for this dosing regimen for use in
the phase III TKR analyses was provided by a pooled anal-
ysis of data from two phase II studies [22, 23], which dem-
onstrated no signiWcant diVerence between dose–response
relationships with rivaroxaban after THA and TKA [25].
Based on these supporting analyses, the same dose—10 mg
od—was selected for the TKA phase III study. Therefore,
the phase II programme showed that the 10 mg dose pro-
vided eVective anticoagulation that rivaroxaban has a wide
therapeutic window and that once-daily dosing was suitable
for TKA and THA.
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Phase III programme

Based on the results of the phase II od dosing study, riva-
roxaban 10 mg od was further evaluated for the prevention
of VTE in four phase III studies (RECORD1–4) in >12,500
patients undergoing THA or TKA. RECORD1 [26] and
RECORD2 [27] evaluated extended thromboprophylaxis
(5 weeks) after THA in 4,591 and 2,509 patients, respec-
tively. RECORD3 investigated thromboprophylaxis (10–
14 days) in 2,531 patients undergoing TKA [28] and
RECORD4 studied rivaroxaban (10–14 days) in 3,149
patients also undergoing TKA [29]. RECORD3 compared
rivaroxaban with enoxaparin administered according to the
European enoxaparin regimen, i.e. 40 mg once daily, and
RECORD4 compared rivaroxaban with enoxaparin admin-
istered according to the North American regimen, i.e.
30 mg twice daily. We will now review the results of
RECORD3, the Wrst study on rivaroxaban in patients under-
going TKA, and brieXy give the results of RECORD4.

RECORD3 study design

RECORD3 was a double-blind study in which patients
were randomized to receive oral rivaroxaban (10 mg od) or
subcutaneous enoxaparin (40 mg od) for 10–14 days. Patients
then underwent mandatory, bilateral venography. The
primary eYcacy endpoint was the composite of total VTE
(any DVT, non-fatal PE and all-cause mortality within
13–17 days of surgery). Secondary eYcacy outcomes
included major VTE (i.e. proximal DVT, non-fatal PE or
death related to VTE) and symptomatic VTE. The main
safety endpoint was major bleeding starting after the Wrst
blinded dose and ·2 days after the last dose of study medi-
cation. Major bleeding was deWned as bleeding that was
fatal, involved a critical organ or required reoperation, or
clinically overt bleeding outside the surgical site that was
associated with a decrease in the haemoglobin level of
¸2 g/dl or requiring an infusion of ¸2 units of blood. Also
assessed were any bleeding or major bleeding occurring
between intake of the Wrst dose of study medication and
2 days after the last dose, non-major bleeding including
haemorrhagic wound complications (excessive wound
haematoma or bleeding at the surgical site), other adverse
events and death.

RECORD3 baseline characteristics

Patients in both arms had similar baseline characteristics.
The mean age of patients was 67.6 years and their mean
body weight was 80.7 kg. The majority of patients in both
treatment arms were female (rivaroxaban 70.2%, enoxapa-
rin 66.3%) and/or Caucasian (rivaroxaban 82%, enoxaparin
80.5%), with only a small proportion of patients presenting

with a history of VTE (rivaroxaban 3.9%, enoxaparin
3.4%). The majority of patients in both treatment arms pre-
sented for primary TKA (rivaroxaban 96.4%, enoxaparin
95.7%), with <3% of patients in either arm presenting for
revision of implants. The distribution of anaesthesia type
was similar between the treatment arms, with regional
anaesthesia only being the preferred method (rivaroxaban
64.4%, enoxaparin 62.5%). Finally, the duration of surgery
was around 1.5 h in both treatment arms.

RECORD3 results

Prophylaxis with rivaroxaban was signiWcantly more eVec-
tive than prophylaxis with enoxaparin in all primary and
secondary eYcacy outcomes (9.6 vs. 18.9% for the primary
eYcacy endpoint; p < 0.001) (Fig. 1). The incidence of
major bleeding was similar in both the rivaroxaban and
enoxaparin groups (Fig. 2). In all, 0.6% (7/1,220) of
patients who received rivaroxaban experienced a major
bleeding event compared with 0.5% (6/1,239) of those who
received enoxaparin (p = 0.77). The incidence of any bleed-
ing event and non-major bleeding was also similar between
the two study arms (Fig. 2). Post-operative wound infection
occurred less frequently in the rivaroxaban group (7
patients, 0.6%) than in the enoxaparin group (11 patients,
0.9%).

Based on the RECORD1–4 pooled analysis, once-daily
rivaroxaban regimens show a signiWcantly lower incidence
of symptomatic VTE and all-cause mortality at all time
points compared with enoxaparin regimens, with low and/
or similar rates of treatment-emergent bleeding events
based on the deWnition of major bleeding used in the
RECORD programme and when haemorrhagic wound
complications and surgical site bleeding events were added
to major bleeding (which closely equates to the more com-
monly used phase II deWnition) [30].

Fig. 1 EYcacy outcomes in patients undergoing total knee arthro-
plasty and receiving either rivaroxaban or enoxaparin as thrombopro-
phylaxis [28]. VTE venous thromboembolism

Major VTE

RRR 62%
p=0.01

Symptomatic
VTE

In
ci

d
en

ce
 (

%
)

2.6% 1.0% 2.0% 0.7%

RRR 49%
p=<0.001

0

5

10

15

20

Enoxaparin 40 mg once daily
Rivaroxaban 10 mg once daily

RRR 66%
p=0.005

18.9% 9.6%

Total VTE
123



532 Eur J Orthop Surg Traumatol (2009) 19:529–533
A wider evaluation of tolerability in this study revealed
that the incidence of adverse events was similar for rivarox-
aban and enoxaparin. The incidence of drug-related (as
assessed by the investigators) adverse events was compara-
ble between the rivaroxaban and enoxaparin arms (12.0 and
13.0%, respectively). Importantly, there was no evidence of
compromised liver safety due to rivaroxaban, increased car-
diovascular events or reactivation of coagulation after treat-
ment cessation.

RECORD4 results

Rivaroxaban showed signiWcantly better eYcacy than the
North American enoxaparin regimen for short-term pro-
phylaxis after TKA (6.9 vs. 10.1%, respectively, for the pri-
mary eYcacy endpoint; p = 0.012). The rates of major
bleeding were 0.7 versus 0.3% (p = 0.110), respectively.

Further areas of investigation for rivaroxaban

Ongoing studies are investigating a variety of clinical set-
tings. Phase III studies have recently been completed dem-
onstrating the eYcacy and safety of VTE prevention with
rivaroxaban among patients undergoing THA. Extended-
duration rivaroxaban has been shown to be more eVective
than standard enoxaparin (RECORD1) and short-duration
enoxaparin followed by placebo (RECORD2) with similar
rates of major bleeding for VTE prevention after THA
[26, 27]. Rivaroxaban is also being studied for the treat-
ment of VTE; the EINSTEIN DVT (NCT00440193) and
EINSTEIN PE (NCT00439777) are ongoing evaluations in
patients with DVT or PE, respectively, randomly assigned
to rivaroxaban or enoxaparin plus a vitamin K. A further
phase III study, MAGELLAN (NCT00571649), is ongoing
to evaluate the eYcacy of rivaroxaban in VTE prevention
in medically ill patients. The ROCKET AF phase III study,
in which rivaroxaban is being compared with warfarin for
the prevention of stroke in »14,000 patients with atrial
Wbrillation, is underway [31].

Discussion

RECORD3 was the Wrst phase III study to demonstrate the
eYcacy and safety of an oral, direct Factor Xa inhibitor in
the prevention of VTE after TKA. In this head-to-head
comparison, rivaroxaban proved superior to enoxaparin in
reducing the incidence of total VTE, major VTE and symp-
tomatic VTE. The incidence of major bleeding was similar
with rivaroxaban compared with enoxaparin in this setting.

Rivaroxaban is an important new treatment option in
patients undergoing elective TKA for use both in hospital
and in the outpatient setting, given the lack of requirement
for monitoring, the oral route of administration and the
favourable drug interaction proWle.
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