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Extended duration rivaroxaban versus short-term
enoxaparin for the prevention of venous thromboembolism
after total hip arthroplasty: a double-blind, randomised
controlled trial
Ajay K Kakkar, Benjamin Brenner, Ola E Dahl, Bengt I Eriksson, Patrick Mouret, Jim Muntz, Andrea G Soglian, Ákos F Pap, Frank Misselwitz,
Sylvia Haas, for the RECORD2 Investigators*

Summary
Background The risk of venous thromboembolism is high after total hip arthroplasty and could persist after hospital
discharge. Our aim was to compare the use of rivaroxaban for extended thromboprophylaxis with short-term
thromboprophylaxis with enoxaparin.
Methods 2509 patients scheduled to undergo elective total hip arthroplasty were randomly assigned, stratiﬁed
according to centre, with a computer-generated randomisation code, to receive oral rivaroxaban 10 mg once daily for
31–39 days (with placebo injection for 10–14 days; n=1252), or enoxaparin 40 mg once daily subcutaneously for
10–14 days (with placebo tablet for 31–39 days; n=1257). The primary eﬃcacy outcome was the composite of deep-vein
thrombosis (symptomatic or asymptomatic detected by mandatory, bilateral venography), non-fatal pulmonary
embolism, and all-cause mortality up to day 30–42. Analyses were done in the modiﬁed intention-to-treat population,
which consisted of all patients who had received at least one dose of study medication, had undergone planned
surgery, and had adequate assessment of thromboembolism. This study is registered at ClinicalTrials.gov, number
NCT00332020.
Findings The modiﬁed intention-to-treat population for the analysis of the primary eﬃcacy outcome consisted of
864 patients in the rivaroxaban group and 869 in the enoxaparin group. The primary outcome occurred in 17 (2·0%)
patients in the rivaroxaban group, compared with 81 (9·3%) in the enoxaparin group (absolute risk reduction 7·3%,
95% CI 5·2–9·4; p<0·0001). The incidence of any on-treatment bleeding was much the same in both groups (81 [6·6%]
events in 1228 patients in the rivaroxaban safety population vs 68 [5·5%] of 1229 patients in the enoxaparin safety
population; p=0·25).
Interpretation Extended thromboprophylaxis with rivaroxaban was signiﬁcantly more eﬀective than short-term
enoxaparin plus placebo for the prevention of venous thromboembolism, including symptomatic events, in patients
undergoing total hip arthroplasty.
Funding Bayer HealthCare AG, Johnson & Johnson Pharmaceutical Research and Development LLC.

Introduction
Heparin-based thromboprophylaxis in the perioperative
period reduces fatal pulmonary embolism.1 Its provision
for the duration of hospital stay has been recommended
for more than two decades,2 and its use is one of the
most highly rated patient safety interventions.3 For
patients undergoing elective hip arthroplasty, consensus
guidelines recommend pharmacological prophylaxis for
a minimum of 10 days, and up to 35 days after surgery.4–6
Despite evidence from meta-analyses indicating that
extended thromboprophylaxis after elective hip
arthroplasty reduces the frequency of venous
thromboembolic disease,7,8 its use out of hospital is
infrequent, with less than 50% of patients receiving
prophylaxis for 28 days in a large prospective registry.9
Alternative
pharmacological
methods
include
acetylsalicylic acid which, when used as extended
thromboprophylaxis in a large trial,10 reduced the risk of
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pulmonary embolism and deep-vein thrombosis
compared with placebo, although its use remains
controversial in this setting.4,5 Physicians have remained
sceptical about the clinical relevance of extended
prophylaxis, and are concerned about the potential risk
for adverse outcomes, in particular bleeding.11
Trials of suﬃcient magnitude to show a consistent
beneﬁt for extending the duration of thromboprophylaxis,
in terms of asymptomatic and symptomatic venous
thromboembolism, with rigorous assessment of potential
adverse events, are still required if the potential beneﬁts
of such interventions are to be more widely realised.12–14
Furthermore, the duration of short-term prophylaxis in
existing trials has been suggested to be too short
(7–10 days), and that trials comparing 10–14 days’
prophylaxis with 28–35 days’ prophylaxis and assessing
symptomatic events would provide more valuable
information.15 The aim of RECORD2 (REgulation of
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study period, conditions preventing bilateral venography,
or the requirement for an anticoagulant that could not be
discontinued.
The trial was done in accordance with the Declaration
of Helsinki and local regulations. The protocol was
approved by the institutional ethics review board of each
centre and written, informed consent was obtained from
patients before randomisation.

2554 patients enrolled

45 not randomised

2509 patients randomised

1252 randomly assigned to
receive rivaroxaban
10 mg once daily

1257 randomly assigned to
receive enoxaparin
40 mg once daily

1228 safety population

1229 safety population

1212 safety population who
underwent surgery*

1207 safety population who
underwent surgery*

961 mITT population for
major VTE†

962 mITT population for
major VTE†

864 mITT population for
primary eﬃcacy

869 mITT population for
primary eﬃcacy

812 PP population

803 PP population

Figure 1: Trial proﬁle
mITT=modiﬁed intention-to-treat. PP=per-protocol. VTE=venous thromboembolism. *Analysis of symptomatic
venous thromboembolism done in patients valid for the safety analysis who had undergone surgery, because the
incidence of symptomatic venous thromboembolism is not aﬀected by the validity of venograms. †Patients could
be valid for the assessment of major venous thromboembolism if proximal veins were evaluable on the venogram,
irrespective of whether distal veins were.

Coagulation in ORthopaedic surgery to prevent Deep-vein
thrombosis and pulmonary embolism 2) was to assess
extended thromboprophylaxis with an oral factor
Xa inhibitor, rivaroxaban, for 31–39 days,16–18 compared
with a short-term enoxaparin regimen for 10–14 days
followed by placebo in patients undergoing total hip
arthroplasty.

Methods
Patients
Patients were enrolled between February, 2006, and
April, 2007, in this randomised, multinational,
double-blind, double-dummy trial, involving 123 centres
across 21 countries worldwide. Patients, aged 18 years or
over, who were scheduled to undergo elective total hip
arthroplasty were eligible for inclusion. Patients were
ineligible if they were scheduled to undergo staged
bilateral hip arthroplasty, had active bleeding or a high
risk of bleeding, or had any condition contraindicating
the use of enoxaparin or that might require enoxaparin
dose adjustment, including severe renal impairment.
Other ineligibility criteria included: signiﬁcant liver
disease, pregnancy or breastfeeding, concomitant use of
HIV protease inhibitors, use of ﬁbrinolytic therapy or
planned intermittent pneumatic compression during the
32

Procedures
Patients were randomly assigned to study medication
before surgery, using permutated blocks (size four)
with stratiﬁcation according to centre, via a central
telephone system using a computer-generated randomisation code. Patients were randomly assigned to receive
double-blind, oral rivaroxaban 10 mg tablets once daily
(Xarelto, Bayer HealthCare AG, Wuppertal, Germany)
or subcutaneous injections of enoxaparin sodium 40 mg
once daily (Clexane/Lovenox, Sanoﬁ-Aventis, Frankfurt
am Main, Germany). Rivaroxaban was started 6–8 h
after wound closure and continued for 31–39 days;
patients also received placebo injections for 10–14 days,
starting 12 h before surgery. Enoxaparin was initiated
12 h before surgery and restarted 6–8 h after wound
closure and continued for 10–14 days; patients also
received placebo tablets for 31–39 days starting 6–8 h
after wound closure. Rivaroxaban 10 mg once daily was
selected on the basis of the results of a phase IIb
study.16
The day of surgery was deﬁned as day 1. Patients
underwent mandatory, bilateral venography the day after
the last dose of study medication—ie, day 32–40. After
venography, no further study medication was given, and
further thromboprophylaxis was at the investigator’s
discretion. Patients were followed up 30–35 days after the
last dose of study medication.
All outcomes were assessed by independent, central
adjudication committees blinded to treatment allocation.
The primary eﬃcacy outcome was the composite of any
deep-vein thrombosis, non-fatal pulmonary embolism,
and all-cause mortality up to day 30–42. The major
secondary eﬃcacy outcome was major venous
thromboembolism—the composite of proximal deep-vein
thrombosis, non-fatal pulmonary embolism, and venous
thromboembolism-related death. Other eﬃcacy outcomes
included the incidence of deep-vein thrombosis (any,
proximal, distal), the incidence of symptomatic venous
thromboembolism in the treatment and follow-up period,
and death during the follow-up period.
Deep-vein thrombosis was assessed on day 32–40, or
earlier if symptomatic, by ascending, bilateral
venography using the Rabinov and Paulin technique.19
All suspected deep-vein thromboses had to be conﬁrmed
by venography (positive ultrasound had to be conﬁrmed).
In cases of suspected pulmonary embolism, pulmonary
angiography, perfusion/ventilation lung scintigraphy
with chest radiography, or spiral computed tomography
www.thelancet.com Vol 372 July 5, 2008
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was done. If death occurred, all relevant documentation
was collected, including autopsy reports, if available.
The main safety outcome was the incidence of major
bleeding events beginning after the ﬁrst intake, and up to
2 days after the last intake, of study medication (ontreatment). Major bleeding was deﬁned as bleeding that
was fatal, was into a critical organ (eg, retroperitoneal, intracranial, intraocular, intraspinal), required re-operation, or
clinically overt extra-surgical-site bleeding associated with a
fall in haemoglobin of 20 g/L or more, calculated from the
day 1 post-operative baseline value, or requiring infusion of
two or more units of whole blood or packed cells. Other

safety outcomes included: any on-treatment bleeding; any
on-treatment non-major bleeding (any on-treatment
bleeding event not adjudicated as major bleeding);
haemorrhagic wound complications (the composite of
excessive wound haematoma and surgical-site bleeding);
any post-operative bleeding (ie, bleeding starting after the
ﬁrst tablet intake and ending up to 2 days after last intake of
study medication); adverse events; and death. Liver biochemistry and cardiovascular adverse events were monitored throughout the treatment and follow-up periods, and
each event was independently and blindly adjudicated.

Statistical analysis
Extended
thromboprophylaxis with
rivaroxaban

Short-term
thromboprophylaxis
with enoxaparin

Randomised

1252 (100%)

1257 (100%)

Safety population

1228 (98·1%)

1229 (97·8%)

No intake of study medication

24 (1·9%)

28 (2·2%)

Symptomatic venous
thromboembolism population
(safety population who underwent
surgery)

1212 (96·8%)

1207 (96·0%)

Major venous thromboembolism
population (modiﬁed
intention to treat)*

961 (76·8%)

962 (76·5%)

Major venous thromboembolism
population (per protocol)

898 (71·7%)

884 (70·3%)

Primary eﬃcacy population
(modiﬁed intention to treat)

864 (69·0%)

869 (69·1%)

No planned surgery
Inadequate assessment of
thromboembolism

16 (1·3%)

22 (1·8%)

348 (27·8%)

338 (26·9%)

Venography not done

155 (12·4%)

159 (12·6%)

Unilateral venography

57 (4·6%)

57 (4·5%)

127 (10·1%)

111 (8·8%)

Indeterminate/unevaluable
venography
Not in time window
Per-protocol population

9 (0·7%)

11 (0·9%)

812 (64·9%)

803 (63·9%)

Incorrect time interval between
end of surgery and ﬁrst
post-operative dose

18 (1·4%)

18 (1·4%)

Incorrect time interval between
last dose and assessment of
venous thromboembolism

15 (1·2%)

Extended thromboprophylaxis
with rivaroxaban (N=1228)
Sex (female)

667 (54·3%)

Short-term thromboprophylaxis
with enoxaparin (N=1229)
651 (53·0%)

Age (years)

61·4 (13·2, 18–93, 53·0–71·0)

61·6 (13·7, 19–93, 54·0–72·0)

Weight (kg)

74·3 (15·8, 41–149, 62·0–84·0)

75·2 (17·5, 33–151, 63·0–85·0)

Body-mass index (kg/m2)

26·8 (4·8, 15·6–54·7, 23·5–29·4)

27·1 (5·2, 15·5–59·0, 23·6–30·0)

Ethnic origin
White

799 (65·1%)

798 (64·9%)

Asian

247 (20·1%)

244 (19·9%)

Hispanic

134 (10·9%)

142 (11·6%)

35 (2·9%)

29 (2·4%)

Black
American Indian

1 (0·1%)

1 (0·1%)

Other/missing

12 (1·0%)

15 (1·2%)

History of venous
thromboembolism

10 (0·8%)

20 (1·6%)

225 (18·3%)

232 (18·9%)

Primary

1160 (94·5%)

1157 (94·1%)

Revision

52 (4·2%)

50 (4·1%)

Missing/no surgery

16 (1·3%)

22 (1·8%)

621 (50·6%)

608 (49·5%)

341 (27·8%)

333 (27·1%)

Previous orthopaedic surgery
Type of surgery

Inadequate assessment of
thromboembolism
Inadequate compliance†

23 (1·8%)

The sample size calculation was based on an assumed
event rate of 11% in the enoxaparin group and a risk
reduction of 40% with rivaroxaban. If these assumptions
were correct, 914 patients per group would be suﬃcient
to detect such a reduction in relative risk with a power
of 90% and a two-sided type 1 error rate of 5%
(corresponding to an absolute risk reduction of 4·4% and
an event rate of 6·6% in the rivaroxaban group). An
invalidity rate of 25% was assumed, resulting in a target
sample size of 2500 patients.
The aim of the trial was to determine whether 5 weeks’
prophylaxis with rivaroxaban was better than 2 weeks’

0 (0·0%)

2 (0·2%)

17 (1·4%)

13 (1·0%)

Intake of prohibited anticoagulant

0 (0·0%)

8 (0·6%)

Use of cement

Intermittent pneumatic
compression

1 (0·1%)

2 (0·2%)

Type of anaesthesia

Wrong intake of study medication

1 (0·1%)

0 (0·0%)

General only

Data are n (%). *Patients could be valid for major venous thromboembolism
assessment if proximal veins were evaluable on the venogram, irrespective of
whether distal veins were. †Based on documented administration of drug and
counting of unused study medication.

General and regional
Regional only
Missing
Duration of surgery (min)

77 (6·3%)

91 (7·4%)

794 (64·7%)

783 (63·7%)

16 (1·3%)

22 (1·8%)

95·0 (30–475, 72–125)

93·0 (28–595, 73–126)

Data are mean (SD, range, IQR), median (range, IQR), or n (%).

Table 1: Patients included and excluded from analyses, and reasons
for exclusion
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Table 2: Baseline characteristics and surgical characteristics of patients in safety population (N=2457)
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Extended thromboprophylaxis Short-term thromboprophylaxis
with rivaroxaban
with enoxaparin
Primary eﬃcacy outcome‡

17/864 (2·0%, 1·2–3·1)

81/869 (9·3%, 7·5–11·5)

Absolute risk reduction
(95% CI)*

p value†

7·3% (5·2–9·4)

<0·0001

Death

2/864 (0·2%, <0·1–0·8)

6/869 (0·7%, 0·3–1·5)

0·5% (–0·2 to 1·1)

0·29

Non-fatal pulmonary embolism

1/864 (0·1%, <0·1–0·6)

4/869 (0·5%, 0·1–1·2)

0·3% (–0·2 to 1·1)

0·37

Deep-vein thrombosis

14/864 (1·6%, 0·9–2·7)

Proximal

5/864 (0·6%, 0·2–1·3)

Distal only

71/869 (8·2%, 6·4–10·2)

6·5% (4·5–8·5)

<0·0001

44/869 (5·1%, 3·7–6·7)

4·5% (2·9–6·0)

<0·0001

9/864 (1·0%, 0·5–2·0)

27/869 (3·1%, 2·1–4·5)

2·0% (0·7–3·3)

0·0025

Major venous thromboembolism§

6/961 (0·6%, 0·2–1·4)

49/962 (5·1%, 3·8–6·7)

4·5% (3·0–6·0)

<0·0001

Symptomatic venous thromboembolism¶

3/1212 (0·2%, <0·1–0·7)

15/1207 (1·2%, 0·7–2·0)

1·0% (0·3–1·8)

0·0040

Symptomatic venous thromboembolism in
follow-up period¶ ||

1/1212 (0·1%, <0·1–0·5)

2/1207 (0·2%, <0·1–0·6)

0·1% (–0·2 to 0·4)

0·62

Death in follow-up period||

0/1228 (0·0%, 0·0–0·3)

2/1229 (0·2%, <0·1–0·6)

0·2% (–0·1 to 0·6)

0·50

Data are n/N (%, 95% CI) unless otherwise speciﬁed. *Mantel–Haenszel weighted absolute risk reduction in patients receiving extended thromboprophylaxis with
rivaroxaban compared with short-term enoxaparin. For endpoints that occurred infrequently (less than ten events in total—ie, death [within the time window and during
follow-up], non-fatal pulmonary embolism, symptomatic venous thromboembolism in the follow-up), unweighted risk reductions and exact CIs are given. Calculation and
rounding of absolute risk reduction is based on the diﬀerence in unrounded incidences. †Values calculated based on the Mantel–Haenszel weighted estimate. For endpoints
that occurred infrequently (less than ten events in total—ie, death [within the time window and during follow-up], non-fatal pulmonary embolism, symptomatic venous
thromboembolism in the follow-up), p values according to Fisher’s exact test are given. ‡Composite of any deep-vein thrombosis, non-fatal pulmonary embolism, and
all-cause mortality. §Composite of proximal deep-vein thrombosis, non-fatal pulmonary embolism, and venous thromboembolism-related death. ¶Any symptomatic
deep-vein thrombosis (proximal or distal) or symptomatic non-fatal or fatal pulmonary embolism in patients valid for the safety population who underwent surgery.
||Follow-up started the day after adequate assessment of thromboembolism (venography or symptomatic event up to day 41 after surgery) for each patient.

Table 3: Incidence of events (eﬃcacy)

1·4

Enoxaparin plus placebo
Rivaroxaban

Rate of symptomatic venous
thromboembolism (%)

1·2
1·0
0·8
0·6
0·4
0·2
0
0

5

10

15

20

25

30

35

40

45

1147
1132

1121
1111

0
0

Days after surgery
*Enoxaparin phase

Number at risk
Rivaroxaban 1212
Enoxaparin 1207
plus placebo

1195
1189

1183
1172

*Placebo phase

1175
1159

1168
1150

1164
1147

1160
1143

Figure 2: Cumulative event rate of symptomatic venous thromboembolism
*Patients who received at least one dose of study medication (ie, safety population) and underwent surgery. In the
case of multiple events per patient, the event that occurred ﬁrst was considered. All symptomatic venous
thromboembolic events were considered up to day 42 after surgery. Patients without symptomatic venous
thromboembolism were deemed to be censored at day 42 after surgery or at the last contact, whichever was
earlier. p=0·0043 for diﬀerence between groups; log-rank test (post-hoc analysis).

prophylaxis with enoxaparin followed by placebo,
assessed in a modiﬁed intention-to-treat population. The
modiﬁed intention-to-treat population consisted of all
patients who were valid for the safety analysis (ie, who
had received at least one dose of study medication), had
undergone planned surgery, and had adequate
assessment of thromboembolism. Patients valid for the
34

assessment of major venous thromboembolism were
those who were valid for the safety analysis who had
undergone surgery and in whom the venograms were
evaluable for the proximal veins, irrespective of whether
they were valid for distal veins.
Diﬀerences between the incidences of the primary and
major secondary eﬃcacy outcomes with extended
thromboprophylaxis with rivaroxaban and short-term
enoxaparin plus placebo were estimated with
Mantel–Haenszel weighting (stratiﬁed by country), with
a corresponding asymptotic two-sided 95% CI and
two-sided p value. Superiority was demonstrated if the
upper limit of the 95% CI for the treatment diﬀerence
(rivaroxaban–enoxaparin) was below 0. The two-sided
95% CI and the p value for the unweighted relative risk
reduction were calculated with an asymptotic method. If
the incidence of the secondary outcomes was low, exact
unweighted two-sided 95% CI were calculated and
Fisher’s exact test was used to test for superiority.
The incidence of symptomatic venous thromboembolism was assessed in patients valid for the safety
analysis who had undergone surgery—this outcome was
not dependent on obtaining evaluable venograms.
Diﬀerences in the incidence of major bleeding between
the groups were analysed as for eﬃcacy; other safety
outcomes were analysed by appropriate descriptive
methods. The time-to-onset of clinically relevant bleeding
and time-to-onset of symptomatic venous thromboembolic events were compared between treatment groups
with a log-rank test.
We did two sensitivity analyses for the primary eﬃcacy
outcome. The ﬁrst analysis included all randomised
patients who had an evaluable bilateral venography
www.thelancet.com Vol 372 July 5, 2008
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(adjudicated), irrespective of whether it was in the time
window, or a conﬁrmed symptomatic/asymptomatic
event/death, irrespective of whether it was in the time
window. Events in the follow-up period were also
considered. The second analysis included all randomised
participants included in the ﬁrst sensitivity analysis plus
those who had an evaluable bilateral venography/
ultrasonography as done by the investigator, irrespective
of whether it was in the time window, or a symptomatic/
asymptomatic event/death, irrespective of whether it was
in the time window, provided the symptomatic event was
not adjudicated to be a non-event by the VTE committee.
Events in the follow-up period were also considered.
All statistical analyses were done with SAS version 8.2,
StatXact version 7, and Stata version 10. This trial is registered with ClinicalTrials.gov, number NCT00332020.

Extended thromboShort-term thromboprophylaxis with
prophylaxis with
rivaroxaban (N=1228) enoxaparin (N=1229)
Any on-treatment bleeding*†
Major bleeding†‡
Fatal bleeding

The study sponsors were involved in the design and
conduct of the trial. The data were collected and analysed
by the sponsors of the study. All authors had full access
to all of the data and analyses and vouch for the accuracy
and completeness of the data reported. All authors were
involved in the ﬁnal decision to submit the manuscript.

Results
The trial proﬁle is shown in ﬁgure 1. 776 patients were
excluded from the modiﬁed intention-to-treat population
for the primary eﬃcacy analysis, and 52 patients were
excluded from the safety population. Reasons for
exclusion from the various study populations are shown
in table 1. Baseline and surgical characteristics were
much the same in the two groups (table 2). Mean duration
of rivaroxaban therapy was 33·5 (SD 6·9) days, and
12·4 (3·0) days with enoxaparin (safety population).
The primary eﬃcacy outcome occurred in signiﬁcantly
fewer patients receiving extended thromboprophylaxis
with rivaroxaban than in those receiving short-term
enoxaparin plus placebo in the modiﬁed intention-to-treat
population (table 3). Likewise, major venous thromboembolism occurred in signiﬁcantly fewer patients
receiving extended thromboprophylaxis with rivaroxaban
than in those receiving short-term enoxaparin plus placebo
(table 3).
The incidence of symptomatic venous thromboembolism
during the active study period (day 1–42) in patients valid
for the safety analysis and who underwent surgery was
also lower in patients receiving extended thromboprophylaxis with rivaroxaban than in those receiving
short-term enoxaparin plus placebo (table 3 and ﬁgure 2).
The symptomatic venous thromboembolic events in the
rivaroxaban group occurred on days 3, 31, and 33; in the
enoxaparin group they occurred on days 1, 3, 9, 10, 14, 16,
18, 20, 26, 30, 32 (two events), 34, 36, and 39. During the
follow-up period, symptomatic venous thromboembolism
occurred in one patient in the rivaroxaban group (non-fatal
pulmonary embolism) and two in the enoxaparin plus
www.thelancet.com Vol 372 July 5, 2008

68 (5·5%)

1 (<0·1%, <0·1–0·5)

1 (<0·1%, <0·1–0·5)

0 (0·0%)

0 (0·0%)

Bleeding into a critical organ

0 (0·0%)

1 (<0·1%)

Bleeding leading to re-operation

0 (0·0%)

0 (0·0%)

Clinically overt extra-surgical-site bleeding leading to a
fall in haemoglobin

1 (<0·1%)

0 (0·0%)

Clinically overt extra-surgical-site bleeding leading to
transfusion of ≥2 units of blood

1 (<0·1%)

0 (0·0%)

Non-major bleeding†‡

80 (6·5%)

67 (5·5%)

Clinically relevant non-major bleeding§

40 (3·3%)

33 (2·7%)

Haemorrhagic wound complications¶

20 (1·6%)

21 (1·7%)

Other non-major bleeding

43 (3·5%)

36 (2·9%)

Post-operative wound infections||

Role of the funding source

81 (6·6%)

Any bleeding beginning after initiation of rivaroxaban or
placebo tablet**

8 (0.7%)
56/1197 (4·7%)

6 (0.5%)
49/1193 (4·1%)

Patients receiving blood transfusions

485 (39·5%)

514 (41·8%)

Volume of blood transfusion (mL)

600 (91–4900)

600 (81–8900)

Number of patients with post-operative volume in drain

791 (64·4%)

789 (64·2%)

Volume in drain (mL)

470 (2–2700)

441 (20–2680)

Any on-treatment adverse event††

768 (62·5%)

807 (65·7)

Drug-related adverse events

245 (20·0%)

249 (20·3)

Cardiovascular adverse events

8 (0·7%)

4 (0·3)‡‡

Cardiovascular death

2 (0·2%)

0 (0)

Ischaemic stroke

2 (0·2%)

1 (<0·1)

Myocardial infarction§§

4 (0·3%)

3 (0·2)

Serious on-treatment adverse events

90 (7·3%)

131 (10·7)

Drug-related serious on-treatment adverse events

13 (1·1%)

17 (1·4)

Adverse events leading to discontinuations

46 (3·8%)

64 (5·2)

Data are n (%), n (%, 95% CI), n/number of patients with particular symptom (%), or median (range). *p=0·25 for
diﬀerence. †Adjudicated on-treatment bleeding events beginning after initiation of double-blind study medication
and up to 2 days after the last intake of double-blind study medication. ‡Patients may have events that fall into more
than one category. §Clinically relevant non-major bleeding events included events such as multiple source bleeding,
spontaneous haematoma >25 cm² and excessive wound haematoma. ¶Composite of excessive wound haematoma
and surgical-site bleeding. ||Events coded as post-operative wound infection according to the MeDRA classiﬁcation are
shown. **Adjudicated on-treatment bleeding events beginning after initiation of rivaroxaban or placebo tablet and up
to 2 days after the last intake of double-blind study medication. The denominator includes patients who took at least
one tablet (rivaroxaban or placebo—ie, the safety population). ††MedDRA term after coding for all events. ‡‡All events
occurred when patients were receiving active enoxaparin. §§One event occurred in a patient who had received one
placebo injection only and had a myocardial infarction 2 days later.

Table 4: Safety outcomes

placebo group (one fatal pulmonary embolism and one
non-fatal pulmonary embolism).
There were eight deaths during the active study period
(table 3). Both deaths in the rivaroxaban group were
judged to have been of cardiovascular cause; one occurred
in a patient who had received one dose of rivaroxaban;
the second patient died on day 39 having received a full
course of rivaroxaban. In the enoxaparin group, the
deaths were adjudicated as follows: one death related to
pulmonary embolism, four unrelated to venous
thromboembolism, and one unexplained. There was a
further death in a patient randomised to receive
rivaroxaban who did not undergo surgery or receive study
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Cumulative event rate of clinically
relevant bleeding (%)

4

Rivaroxaban
Enoxaparin plus placebo

3

2
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0
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3

0
1

Days after surgery
*Enoxaparin phase
Number at risk
Rivaroxaban 1228
Enoxaparin 1229
plus placebo

1162
1157

1134
1126

*Placebo phase

1118
1111

1104
1095

1099
1083

1092
1074

963
949

Figure 3: Cumulative event rate of clinically relevant bleeding events
*Patients who received at least one dose of study medication (ie, safety population). Clinically relevant bleeding
events that occurred up to 2 days after last intake of study medication are included. Patients without clinically
relevant bleeding were deemed to be censored 2 days after last study medication intake. p=0·43 for diﬀerence
between groups; log-rank test (post-hoc analysis).

drug; this death was deemed to be unrelated to venous
thromboembolism. During the follow-up period, two
patients in the enoxaparin plus placebo group died (one
was adjudicated as related to pulmonary embolism and
the other was unexplained).
Major bleeding occurred in one patient in each group
(table 4). The patient who received rivaroxaban had a
suspected gastrointestinal bleeding event (haemorrhagic
diarrhoea and haematemesis), and was given two units of
whole blood because of low haemoglobin levels (8·9 g/L).
Her haemoglobin levels fell to 12·3 g/L, which led to
hospitalisation and discontinuation of rivaroxaban. The
patient received acetylsalicylic acid without gastric
protection before surgery. The patient who received
enoxaparin had blood in the cerebrospinal ﬂuid during
spinal anaesthesia, which was deemed by the adjudication
committee to be a major bleeding event not related to
study drug; enoxaparin was discontinued. There were no
reports of major surgical-site bleeding in either group.
Haemorrhagic wound complications, the composite of
excessive wound haematoma and reported surgical-site
bleeding, occurred in similar numbers of patients in both
groups (table 4).
In a post-hoc analysis, the combination of major bleeding
and clinically relevant non-major bleeding occurred in
41 (3·4%) patients receiving extended thromboprophylaxis
with rivaroxaban and in 34 (2·8%) patients receiving
short-term enoxaparin plus placebo (table 4). The temporal
relationship between active thromboprophylaxis and
bleeding events is shown in ﬁgure 3.
The requirements for blood transfusions, and the
amounts of blood transfused were similar in each
36

group, as were drain volumes and the number of
patients who had blood in their drain (table 4). The incidence of adverse events was similar in patients receiving
extended thromboprophylaxis with rivaroxaban and
short-term enoxaparin plus placebo (table 4 and
table 5).
On-treatment, post-operative increases in plasma
alanine aminotransferase concentrations greater than
three times the upper limit of normal occurred in
19 (1·6%) of 1167 patients receiving extended
thromboprophylaxis with rivaroxaban (all resolved by the
end of the follow-up period) and 55 (4·7%) of
1164 patients receiving short-term enoxaparin (all
resolved by the end of the follow-up period, except in two
patients, both in the enoxaparin group, who withdrew
from the trial prematurely and for whom no follow-up
data were available). During the follow-up period, plasma
alanine aminotransferase concentrations greater than
three times the upper limit of normal occurred in
six (0·5%) of 1101 patients receiving extended
thromboprophylaxis with rivaroxaban and seven (0·6%)
of 1097 patients receiving short-term enoxaparin. Two
patients receiving extended thromboprophylaxis with
rivaroxaban and three receiving short-term enoxaparin
plus placebo had alanine aminotransferase concentrations
greater than three times the upper limit of normal
coupled with total bilirubin concentrations greater than
twice the upper limit of normal; all cases resolved except
for one patient who received enoxaparin plus placebo
who had cholecystitis and in whom no follow-up data
were available.
The incidence of cardiovascular events was low (table 4).
Three patients had a cardiovascular event while receiving
rivaroxaban (one had an ischaemic stroke, two had a
myocardial infarction), and four had an event while
receiving active enoxaparin (one had an ischaemic stroke,
and three had a myocardial infarction). Five patients
(0·4%) had a cardiovascular event more than one day
after their last dose of rivaroxaban, four of which were an
acute coronary event (0·3%; two events were
cardiovascular deaths, and one event occurred in a patient
who had received one placebo injection only and had a
myocardial infarction 2 days later). There were no
post-prophylaxis cardiovascular events in patients
receiving enoxaparin.
A sample size of 2500 patients was planned to allow
for a venography invalidity rate of 25%. We failed to
obtain valid venograms for 348 (28%) rivaroxaban
recipients and 338 (27%) enoxaparin plus placebo
recipients, therefore sensitivity analyses were done. The
ﬁrst analysis included all events and all venograms that
had been done. The weighted absolute risk reduction
for the primary eﬃacy endpoint with extended
thromboprophylaxis with rivaroxaban over short-term
enoxaparin plus placebo was 7·1% (95% CI 4·9–9·2).
The second analysis included all investigator assessments of venous thromboembolism; the weighted absowww.thelancet.com Vol 372 July 5, 2008
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lute risk reduction with extended thromboprophylaxis
with rivaroxaban was 6·4% (95% CI 4·3–8·5), similar to
that seen for venographically detected deep-vein
thrombosis.

Discussion
This trial indicates that extended thromboprophylaxis with
rivaroxaban is signiﬁcantly more eﬀective than short-term
thromboprophylaxis with enoxaparin followed by placebo
for the prevention of venous thromboembolism—a
composite of deep-vein thrombosis, non-fatal pulmonary
embolism, and all-cause mortality—in patients undergoing
total hip arthroplasty.
Current guidelines for extended prophylaxis after total
hip arthroplasty are based on individual trials8,20–26 that
show reductions in the incidence of asymptomatic
deep-vein thrombosis, and on meta-analyses that show
reductions in the incidence of symptomatic venous
thromboembolism.7,8 Early trials that assessed extended
prophylaxis included venographic assessment at
discharge and at the end of the extended
thromboprophylaxis period,25,26 which could potentially
alter the natural history of thromboembolic disease. Our
trial was powered to show that extended prophylaxis was
better than short-term prophylaxis using the composite
outcome of deep-vein thrombosis, non-fatal pulmonary
embolism, and all-cause mortality, and included an
a-priori analysis of symptomatic events, without any
systematic intervention to alter the natural history of
venous thromboembolism during therapy.
A potential limitation of our trial is the higher than
anticipated invalidity rate for venograms. A sample size
of 2500 patients was planned to allow for an invalid
venography rate of 25%. We failed to obtain valid
venograms for 28% of rivaroxaban recipients and 27% of
enoxaparin recipients. However, sensitivity analyses
showed that the missing data did not aﬀect the power of
the trial or bias the outcomes.
Although this study was not powered to assess
diﬀerences in bleeding risk, rates of bleeding were low
and much the same in both groups. The low rate of major
bleeding could be due, at least in part, to the deﬁnition
used—major bleeding did not include surgical-site
bleeding events unless they required re-operation or were
fatal. Although the deﬁnition of major bleeding diﬀers
from that used in other similar trials, and thus cannot be
compared across studies, the classiﬁcation of such events
was agreed in advance of analysis with the relevant
regulatory authorities and is consistent across the
RECORD programme.27,28 Further research into the risk
of bleeding is warranted.
The use of transfusion in post-operative patients is a
subjective clinical judgment, and intra-operative blood
loss before the administration of study medication could
aﬀect post-operative transfusion. In general, almost half
of the patient population undergoing this type of surgical
procedure require a transfusion of two or more units of
www.thelancet.com Vol 372 July 5, 2008

Extended thromboprophylaxis with
rivaroxaban (N=1228)

Short-term thromboprophylaxis with
enoxaparin (N=1229)

Adverse events
Serious adverse events
Total with adverse events*
Adverse events leading to treatment discontinuation

90 (7·3%)

131 (10·7%)

742 (60·4%)

758 (61·7%)

46 (3·8%)

64 (5·2%)

Adverse events during treatment with an incidence of ≥3% or diﬀerence of 10 or more events between
any treatment group†
Any event‡

768 (62·5%)

807 (65·7%)

Blood and lymphatic system disorders

105 (8·6%)

99 (8·1%)

73 (5·9%)

67 (5·5%)

Cardiac disorders

51 (4·2%)

55 (4·5%)

Tachycardia

12 (1·0%)

22 (1·8%)

323 (26·3%)

302 (24·6%)

Constipation

91 (7·4%)

90 (7·3%)

Diarrhoea

25 (2·0%)

39 (3·2%)

165 (13·4%)

151 (12·3%)

Anaemia

Gastrointestinal disorders

Nausea
Vomiting

94 (7·7%)

100 (8·1%)

164 (13·4%)

164 (13·3%)

Oedema peripheral

55 (4·5%)

48 (3·9%)

Pyrexia

70 (5·7%)

58 (4·7%)

General disorders and administration-site conditions

Infections and infestations
Injury, poisoning, and procedural complications
Wound secretion

88 (7·2%)

87 (7·1%)

178 (14·5%)

177 (14·4%)

33 (2·7%)

20 (1·6%)

219 (17·8%)

249 (20·3%)

Alanine aminotransferase increased

40 (3·3%)

60 (4·9%)

Aspartate aminotransferase increased

36 (2·9%)

56 (4·6%)

Blood amylase increased

24 (2·0%)

13 (1·1%)

Gamma-glutamyltransferase increased

37 (3·0%)

56 (4·6%)

54 (4·4%)

58 (4·7%)

Investigations

Haemoglobin decreased
Musculoskeletal and connective tissue disorders
Arthralgia
Pain in extremity
Nervous system disorders

83 (6·8%)

71 (5·8%)

15 (1·2%)

26 (2·1%)

24 (2·0%)

12 (1·0%)

134 (10·9%)

119 (9·7%)

Dizziness

54 (4·4%)

51 (4·2%)

Headache

37 (3·0%)

32 (2·6%)

Psychiatric disorders

46 (3·8%)

44 (3·6%)

Renal and urinary disorders

64 (5·2%)

54 (4·4%)

130 (10·6%)

94 (7·7%)

Blister

23 (1·9%)

10 (0·8%)

Pruritus

37 (3·0%)

27 (2·2%)

153 (12·5%)

192 (15·6%)

Deep-vein thrombosis

37 (3·0%)

86 (7·0%)

Hypotension

79 (6·4%)

70 (5·7%)

Skin and subcutaneous tissue disorders

Vascular disorders

Data are n (%). *Excluding bleeding, acute deep-vein thrombosis, and pulmonary embolic events (as assessed by the
investigator). †According to MedDRA System Organ Class and Preferred Term, descending total frequency. ‡Including
bleeding, acute deep-vein thrombosis and pulmonary embolic events (as assessed by the investigator).

Table 5: Adverse events during treatment

blood;29 and peri-operative bleeding of 1500–2000 mL
(greater than three units) is considered acceptable by
most surgeons undertaking this procedure.30 The
assessment of clinically relevant non-major bleeding
allowed these surgical-site bleeding events to be captured
37

Articles

(as part of haemorrhagic wound complications); extended
thromboprophylaxis with rivaroxaban was not associated
with any increase in such wound events, or any increase
in wound infections. These ﬁndings may have important
practical implications, because such events have been
identiﬁed as potential clinical concerns contributing to
the current underuse of extended pharmacological
prophylaxis.31 The rate of symptomatic venous
thromboembolic events in the short-term enoxaparin
plus placebo group in this study is consistent with that
reported in administrative datasets of 19 586 primary hip
arthroplasties (2·8% within 90 days of surgery),14
indicating the relevance of our trial results in the context
of contemporary orthopaedic clinical practice.
Although there seems to have been an increase in skin
and subcutaneous tissue disorders, and in blistering in
the rivaroxaban group compared with the enoxaparin
group, no discernible trend can be seen if all three
RECORD trials are considered together.27,28 Likewise,
there exists an apparent excess of cardiovascular adverse
events after discontinuation of rivaroxaban in this trial.
This diﬀerence could be due to chance, and no trend is
apparent when viewed across all three RECORD trials.
We believe that the number of events is too low to allow
us to draw any meaningful conclusions at this point;
however, further research into the safety of rivaroxaban is
warranted. Indeed, it is likely that further adoption of
extended thromboprophylaxis will be aided by an
emphasis on the evaluation of bleeding and other adverse
events that might aﬀect surgical outcome in these highrisk populations.
In summary, extended thromboprophylaxis with
rivaroxaban—an orally active factor Xa inhibitor—
substantially reduced the burden of venous thromboembolism, including major and symptomatic events in
patients undergoing total hip arthroplasty, compared with
short-duration prophylaxis with enoxaparin followed by
placebo.
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