
1

Extended Duration Rivaroxaban Versus 
Short-Term Enoxaparin for the Prevention of Venous 
Thromboembolism After Total Hip Arthroplasty: 
A Double-Blind, Randomized Controlled Trial

Ajay K Kakkar, Benjamin Brenner, Ola E Dahl, 
Bengt I Eriksson, Patrick Mouret, Jim Muntz, 
Andrea G Soglian,Åkos F Pap, Frank Misselwitz, 
Sylvia Haas for the RECORD2 Investigators

Lancet 2008;372:31–39



2

Notice on usage and disclaimer

These slides are the copyright of Bayer HealthCare AG and 
Johnson and Johnson Research and Development LLC, 
and are provided as an educational service 

No changes to slide content are permitted: Bayer 
HealthCare AG, Johnson and Johnson Research and 
Development LLC do not accept responsibility for 
miscommunication of these data if any changes are made

Issued: 26 June 2008



3

Landmark studies RECORD1, 2 and 3 
all published in one week in June 2008

Eriksson et al., N Engl J Med 2008; 358:2765–2775; Kakkar et al., Lancet 2008;372:31–39; 
Lassen et al., N Engl J Med 2008;358:2776–2785 
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Selective Factor Xa inhibition for 
thromboprophylaxis

“Another barrier to the use of 
extended prophylaxis is the belief 
held by many surgeons that most 
cases of deep vein thrombosis after 
total hip arthroplasty are 
asymptomatic and confined to the 
calf, and, therefore, unlikely to lead 
to pulmonary embolism. RECORD2 
challenges this view because the 
reduction in deep vein thrombosis 
with rivaroxaban was associated 
with a parallel reduction in 
symptomatic venous 
thromboembolism”

Eikelboom and Weitz, Lancet 2008



Study background

Heparin-based thromboprophylaxis in the perioperative 
period reduces fatal pulmonary embolism1

Consensus guidelines recommend pharmacological 
prophylaxis for a minimum of 10 days and up to 35 days 
after elective hip replacement surgery2–4

Meta-analyses indicate that extended thromboprophylaxis 
after elective hip arthroplasty reduces the frequency of 
venous thromboembolism5,6

Clinicians are concerned about the clinical relevance of 
extended prophylaxis and the risk of bleeding7

1Kakkar et al., 1975; 2Geerts et al., 2004; 3SIGN Guideline 62; 
4NICE Guideline 46; 5Eikelboom et al., 2001; 6Hull et al., 2001; 
7American Academy of Orthopaedic Surgeons Guideline
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Rivaroxaban: the first in a new class of 
direct Factor Xa inhibitors

10 mg od was selected for investigation in the phase III 
RECORD programme based on an extensive phase II 
programme (N=2,857) that evaluated a wide dose range 
(total daily doses: 5–60 mg)

Oral, one tablet, once daily 
Predictable pharmacokinetics and pharmacodynamics
High bioavailability
Rapid onset of action
Fixed dose
No requirement for coagulation monitoring

Kubitza et al., 2005; Turpie et al., 2005; Eriksson et al., 2006; 2006; 2007 
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Study question

Is extended-duration prophylaxis with rivaroxaban 

(10 mg od for 31–39 days) superior to short-duration 

prophylaxis with a LMWH (enoxaparin 40 mg od for 

10–14 days) for the prevention of VTE following THR?

Kakkar et al., Lancet 2008;372:31–39
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Rivaroxaban 10 mg od
Mandatory

bilateral
venography

RECORD2: study design

Inclusion criteria
Patients aged ≥18 years, scheduled 
to undergo elective THR

Day 65+5
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Evening before surgery

6–8 hours post-surgery
6–8 hours post-surgery

Day 1

Double blind

Major exclusion criteria
Active bleeding or high risk of bleeding
Significant liver disease
Anticoagulant therapy that could not be stopped
Use of HIV-protease inhibitors

Day 36±4

Enoxaparin
40 mg od

10–14 days

Oral placebo

Kakkar et al., Lancet 2008;372:31–39
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123 sites worldwide

Denmark 6.9%

Australia, 
New Zealand,
South Africa

6.4% Brazil, 
Portugal

8.8%

Estonia, 
Latvia 5.4%

China
13.0%

Canada
5.1%

India, 
Indonesia, 

South Korea 6.9%

Colombia, 
Mexico 8.3%

Lithuania
8.1%

Norway
4.5%

Peru
5.5%

Sweden
9.3%

United States
3.1%

United Kingdom
8.7%

Kakkar et al., Lancet 2008;372:31–39
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Efficacy endpoints

Primary

Total VTE: any DVT, non-fatal PE and all-cause 
mortality up to day 30–42

Secondary

Major VTE: proximal DVT, non-fatal PE, and 
VTE-related death 

DVT: any, proximal and distal

Symptomatic VTE

All endpoints were adjudicated centrally by independent, blinded committees
Kakkar et al., Lancet 2008;372:31–39
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Safety endpoints

Main

Major bleeding starting after the first blinded dose and up to 2 days after 
last dose (‘on treatment’)

Bleeding that was fatal, into a critical organ, or required re-operation
Extra-surgical-site bleeding associated with a drop in hemoglobin ≥2 g/dL 
or requiring transfusion of ≥2 units of blood

Other

Any bleeding on treatment*

Non-major bleeding*

Hemorrhagic wound complications*#

Cardiovascular adverse events

Liver enzyme levels
All endpoints were adjudicated centrally by independent, blinded committees; *Up to 2 days after last dose of study medication; 
#Composite of excessive wound hematoma and reported surgical-site bleeding 

Kakkar et al., Lancet 2008;372:31–39
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Sample size and pre-specified 
statistical analysis

Sample size

Assumed event rate: 11% in the short-duration enoxaparin, plus 
placebo group

Risk reduction: 40% in the extended-duration rivaroxaban group

1,828 evaluable patients (914 per group) sufficient to detect relative risk 
reduction (RRR) with 90% power and two-sided type 1 error rate of 5% 

Assuming 25% invalidity rate → 2,500 patients to be enrolled in total

Statistical analysis

Primary efficacy analysis: absolute weighted risk difference between 
regimens, with weights based on geographic region

Kakkar et al., Lancet 2008;372:31–39
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Study flow

Safety population

PP population

mITT population for major VTE

Randomized (n=2,509)

Enrolled (N=2,554)

Safety population who underwent surgery

mITT population for primary 
efficacy (superiority)

1,252

1,228

864

812

1,257

1,229

869

803

Short-duration prophylaxis 
(enoxaparin + placebo)

962

1,207 1,212

961

Extended-duration 
prophylaxis (rivaroxaban)

Kakkar et al., Lancet 2008;372:31–39
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Reasons for exclusion

69.0%

27.8%
96.8%

98.1%

69.1%

26.9%
96.0%

97.8%

n %

Short-duration 
enoxaparin
+ placebo

Extended-duration
rivaroxaban

Randomized 1,257 1,252

No intake of study drug 28 24

Valid for safety analysis 1,229 1,228

Planned surgery not performed 22 16

Safety population who underwent surgery 1,207 1,212

Inadequate assessment of thromboembolism 338 348

− Venography not performed 159 155

− Unilateral venography 57 57

− Indeterminate/non-evaluable venography 111 127

− Not in time window* 11 9

Valid for mITT population 869 864

*The time window for valid venography was day 32–36

Kakkar et al., Lancet 2008;372:31–39



15

Patient demographics

*Mean values

0.8%

20.1%
65.1%

(15.6–54.7)

(41–149)

(18–93)

54.3%

1.6%

19.9%
64.9%

(15.5–59.0)

(33–151)

(19–93)

53.0%

Short-duration
enoxaparin + placebo

(n=1,229)

Extended-duration
rivaroxaban

(n=1,228)
Female, n % 651 667

Age*, years (range) 61.6 61.4

Weight*, kg (range) 75.2 74.3

Body mass index*, kg/m2 (range) 27.1 26.8

Race, n %

– Caucasian 798 799

– Asian 244 247

– Hispanic 142 134

– Black 29 35

– Other/missing   16  13

History of VTE, n % 20 10

Kakkar et al., Lancet 2008;372:31–39
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Primary efficacy endpoint
Total VTE

0

RRR=79%

ARD=–7.3% (–9.4, –5.2)
p<0.0001
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Short-duration 
enoxaparin + placebo

81/869

Extended-duration 
rivaroxaban

17/864

9.3% 2.0%

ARD (with 95% CI); mITT population, n=1,733
Kakkar et al., Lancet 2008;372:31–39
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Primary efficacy endpoint: 
individual components

1.0% (0.5, 2.0)

0.6% (0.2, 1.3)

3.1% (2.1, 4.5)

5.1% (3.7, 6.7)

1.6% (0.9, 2.7)148.2% (6.4, 10.2)71DVT

0.1% (<0.1, 0.6)0.5% (0.1, 1.2)

0.2% (<0.1, 0.8)0.7% (0.3, 1.5)

2.0% (1.2, 3.1) <0.0001179.3% (7.5, 11.5)81Primary efficacy endpoint
26All-cause mortality

n % 
(95% CI)

Short-duration 
enoxaparin + placebo

(n=869)

Extended-duration
rivaroxaban

(n=864) p-value

Non-fatal PE 4  1  

− Proximal only 44 5

− Distal only 27    9

mITT population, n=1,733

Kakkar et al., Lancet 2008;372:31–39
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Secondary efficacy endpoints
Major VTE
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Short-duration 
enoxaparin + placebo 

49/962

5.1%

Extended-duration 
rivaroxaban

6/961

0.6%

RRR=88%

ARD=–4.5% (–6.0, –3.0)
p<0.0001
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Symptomatic VTE

0
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RRR=80%

ARD=–1.0% (–1.8, –0.3)
p=0.004

Short-duration 
enoxaparin + placebo 

15/1,207

1.2%

Extended-duration 
rivaroxaban

3/1,212

0.2%

mITT population valid for major VTE, n=1,923, and symptomatic VTE in safety population 
who underwent surgery, n=2,419
Kakkar et al., Lancet 2008;372:31–39
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Safety: components of bleeding

On-treatment bleeding events; *major bleeding events could qualify for more than one subcategory; 
#extra-surgical-site bleeding; ‡composite of excessive wound hematoma and surgical-site bleeding; 
safety population, n=2,457

6.6%
3.5%
1.6%
3.3%

6.5%

<0.1%

5.5%
2.9%
1.7%
2.7%

5.5%

<0.1%

n %

Short-duration 
enoxaparin + placebo 

(n=1,229)

Extended-duration
rivaroxaban

(n=1,228)
Major bleeding* 1 1

Fatal 0 0

Into a critical organ 1 0

Leading to re-operation 0 0

Leading to fall in hemoglobin# 0 1

Leading to transfusion of ≥2 units of blood# 0 1            

Non-major bleeding* 67 80

Clinically relevant, non-major bleeding 33 40

– Hemorrhagic wound complications‡ 21 20

Other non-major bleeding 36 43

Any bleeding 68 81

Kakkar et al., Lancet 2008;372:31–39
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Adverse events

n %

Short-duration 
enoxaparin + placebo 

(n=1,229)

Extended-duration
rivaroxaban

(n=1,228)
Any adverse event 832 67.7% 790 64.3%

On treatment 807 65.7% 768 62.5%

During follow-up 110 9.0% 107 8.7%

Cardiovascular adverse events 4 0.3% 8 0.7%

On treatment 4 0.3% 3 0.2%
During follow-up* 0 0 5 0.4%

Wound-related infections 7 0.6% 8 0.7%
On treatment 6 0.5% 8 0.7%
During follow-up 2 0.2% 0 0

Death 8 0.7% 2 0.2%

*Events occurring more than 1 day after the last intake of study drug; safety population, n=2,457

Kakkar et al., Lancet 2008;372:31–39
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Liver function tests

0.1%
0.2%

0.5%
1.6%

0.1%
0.3%

0.6%
4.7%

n/N %
Short-duration 

enoxaparin + placebo
Extended-duration

rivaroxaban
ALT >3×ULN

On treatment* 55/1,164 19/1,167
During follow-up 7/1,097 6/1,101

ALT >3×ULN + bilirubin >2×ULN
On treatment* 3/1,167 2/1,169
During follow-up 1/1,093 1/1,098

*From first intake of study drug up to 2 days after the last intake of study drug

Kakkar et al., Lancet 2008;372:31–39
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RECORD2: summary

Total VTE
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<0.1% <0.1%

9.3%

2.0%

5.1%

0.6%

1.2%

0.2%

RRR 79%

Major VTE

RRR 88%

Symptomatic VTE Major bleeding
0
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RRR 80%

Short-duration enoxaparin (40 mg od) plus 
placebo

Extended-duration rivaroxaban (10 mg od)

p<0.0001 p<0.0001 p=0.004

Kakkar et al., Lancet 2008;372:31–39
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RECORD2: conclusions

This study comparing extended prophylaxis (rivaroxaban 
10 mg od for 31–39 days) with short-term prophylaxis 
(enoxaparin 40 mg od for 10–14 days) followed by placebo in 
patients undergoing elective, total hip arthroplasty showed:

Extended thromboprophylaxis with rivaroxaban was 
significantly more effective than short-term enoxaparin plus 
placebo for the prevention of venous thromboembolism, 
including symptomatic events

Similar good safety profile
No increased risk of serious bleeding complications or other 
adverse events that may affect surgical outcome

Kakkar et al., Lancet 2008;372:31–39
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Thank you to the patients, their relatives, 
the study nurses, and…
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R Routier, O Van der Spuy, J Viljoen, GJ Vlok; South Korea: SY Kim, YH Kim, SH Lee, YS Park; Sweden: 
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L Ryttberg; UK: I Brenkel, E Crawfurd, A Cohen, R Field, S Frostick, D Meek, A Ratnam, S Sadullah, 
P Williams; USA: P Comp, A Corces, S Hakki, J Papilion, J Ward.


