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T his paper reviews the potential cost-effectiveness 
of the anticoagulant rivaroxaban, a new oral Factor 
Xa inhibitor, for prophylaxis against VTE after total 
hip or total knee arthroplasty (THA or TKA). A 

comprehensive review of rivaroxaban has recently been pub-
lished,1 as has a review of its use in patients after THA and 
TKA.2 The article by Baser in this supplement3 describes the 
clinical burden of VTE after THA/TKA and the associated 
economic consequences. As outlined in the article by Nutescu 
in this supplement,4 the new, more convenient oral anticoagu-
lants have the potential to reduce the incidence of VTE, and 
are likely to have an important impact on the economic burden 
associated with this condition. 

Rivaroxaban: The RECORD Program

The RECORD program (REgulation of Coagulation in 
Orthopedic Surgery to Prevent Deep Venous Thrombosis and 
Pulmonary Embolism) consisted of 4 phase 3 studies, which com-
pared oral rivaroxaban with subcutaneous enoxaparin regimens for 
the prevention of VTE after THA (RECORD1 and RECORD2) 
or TKA (RECORD3 and RECORD4). RECORD1 was a head-to-
head comparison of rivaroxaban 10 mg once daily with enoxaparin 
40 mg once daily for 31 to 39 days.5 RECORD2 was a comparison 
of regimens designed to assess the benefits of extended-duration 
rivaroxaban 10 mg once daily (31 to 39 days) against short-duration 
enoxaparin 40 mg once daily (10 to 14 days) followed by placebo.6 
RECORD3 compared rivaroxaban 10 mg once daily with enoxa-
parin 40 mg once daily for 10 to 14 days.7 RECORD4 compared 
rivaroxaban 10 mg once daily with enoxaparin 30 mg every 12 hours 
for 10 to 14 days.8

Rivaroxaban was started 6 to 8 hours after wound closure in 
all 4 studies. Enoxaparin was started 12 hours before surgery in 
RECORD1, 2, and 3 and 12 to 24 hours after wound closure in 
RECORD4. The primary efficacy outcome in each of the studies 
was the composite of any deep vein thrombosis, non-fatal pulmo-
nary embolism, and all-cause mortality (total VTE). Symptomatic 
VTE was a secondary efficacy outcome. The main safety outcome in 
each of the studies was major bleeding occurring after the first dose 
of study medication and up to 2 days after the last dose (treatment 
emergent).5-8
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Abstract

Venous thromboembolism (VTE) follow-
ing joint replacement surgery represents 
an economic as well as a clinical burden; 
however, the risk of thromboembolic 
events is greatly reduced by appropriate 
anticoagulation. Rivaroxaban, a Factor Xa 
inhibitor currently in phase III development, 
was compared with the low molecular 
weight heparin enoxaparin in 4 clinical tri-
als, collectively called the RECORD program 
(REgulation of Coagulation in Orthopedic 
Surgery to Prevent Deep Venous 
Thrombosis and Pulmonary Embolism). 
In a pooled analysis of data from the 
RECORD trials, rivaroxaban was superior to 
enoxaparin regimens in reducing the com-
posite end point of symptomatic venous 
thromboembolism and all-cause mortal-
ity in patients following elective primary 
total hip or total knee arthroplasty (THA 
or TKA), with a comparable incidence of 
major bleeding events. In cost-effectiveness 
analyses, compared with enoxaparin,  
rivaroxaban showed the potential to reduce 
costs associated with the prophylaxis and 
treatment of thromboembolic events in  
a post-orthopedic surgery/arthroplasty 
population.   
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RECORD1
Total VTE occurred in 1.1% of patients receiving riva-

roxaban compared with 3.7% of patients receiving enoxa-
parin (P <.001; Table 1). Symptomatic VTE occurred in 
0.3% versus 0.5% of patients, respectively (P = .22). Major 
bleeding occurred in 0.3% versus 0.1% of patients, respec-
tively (P = .18).5

RECORD2 
Total VTE occurred in 2.0% of patients receiving extend-

ed-duration rivaroxaban compared with 9.3% of patients 
receiving short-duration enoxaparin (P <.0001; Table 1). 
Symptomatic VTE occurred in 0.2% versus 1.2% of patients, 
respectively (P = .004).6 Rates of major bleeding in both 
groups were less than 0.1% (P = .980).6,9

RECORD3
Total VTE occurred in 9.6% of patients receiving 

rivaroxaban compared with 18.9% of patients receiving 
enoxaparin (P <.001; Table 1). Symptomatic VTE occurred 
in 0.7% versus 2.0% of patients, respectively (P = .005). 
Major bleeding occurred in 0.6% versus 0.5% of patients, 
respectively (P = .77).7

RECORD4
Total VTE occurred in 6.9% of patients receiving rivar-

oxaban compared with 10.1% of patients receiving enoxa-
parin (P = .0118; Table 1). Symptomatic VTE occurred in 
0.7% versus 1.2% of patients, respectively (P = .1868). Major 
bleeding occurred in 0.7% versus 0.3% of patients, respec-
tively (P = .1096).8

In all 4 studies, the adverse-event profiles for rivaroxaban 
and enoxaparin were similar. A low incidence of cardio-
vascular events was seen with both drugs, and there was no 
indication of compromised liver function attributable to 
rivaroxaban in any of the studies.5-8

In an analysis of pooled data from all 4 RECORD stud-
ies, rivaroxaban significantly reduced the incidence of the 
composite of symptomatic VTE and all-cause mortality com-
pared with enoxaparin regimens in all study pools analyzed 
(Figure).10 These benefits were achieved without a signifi-
cant increase in the risk of major bleeding, although a sig-
nificant increase in major plus clinically relevant non-major 
bleeding with rivaroxaban was observed in the total treat-
ment duration pool.10 In a quantitative benefit-risk analysis 
based on the pooled data, which used a net clinical benefit 
approach and a variety of end points defining harms and ben-

n Table 1. Summary of Results From the Individual RECORD1, 2, 3, and 4 Studies

Composite of Any DVT,  
Non-fatal PE, and  

All-cause Mortality

 
 

Major Bleeding

 
Study

 
Indication

Rivaroxaban 
Regimen

Enoxaparin 
Regimen

Rivaroxaban,  
n/N (%)

Enoxaparin,  
n/N (%)

Rivaroxaban,  
n/N (%)

Enoxaparin,  
n/N (%)

RECORD15 THA 10 mg once 
daily, 31-39 
days

40 mg once 
daily, 31-39 
days

18/1595 (1.1) 58/1558 (3.7) 6/2209 (0.3) 2/2224 (0.1)

P <.001 P = .18

RECORD26 THA 10 mg once 
daily, 31-39 
days

40 mg once 
daily, 10-14 
days fol-
lowed  
by placebo

17/864 (2.0) 81/869 (9.3) 1/1228 (<0.1) 1/1229 (<0.1)

 P <.0001 P = .980

RECORD37 TKA 10 mg once 
daily, 10-14 
days

40 mg once 
daily,10-14 
days

79/824 (9.6) 166/878 (18.9) 7/1220 (0.6) 6/1239 (0.5)

P <.001 P = .77

RECORD48 TKA 10 mg once 
daily, 10-14 
days

30 mg 
twice daily, 
10-14 days

67/965 (6.9) 97/959 (10.1) 10/1526 (0.7) 4/1508 (0.3)

P = .0118 P = .1096

DVT indicates deep vein thrombosis; PE, pulmonary embolism; RECORD, REgulation of Coagulation in Orthopedic Surgery to Prevent Deep Venous 
Thrombosis and Pulmonary Embolism; THA, total hip arthroplasty; TKA, total knee arthroplasty. 
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efits, the benefit-risk profile for rivaroxaban was shown to be 
consistently improved compared with enoxaparin.11

Cost-Effectiveness of Rivaroxaban
RECORD1 and 2 
Cost-effectiveness analyses for rivaroxaban have been 

undertaken, based on data from the RECORD1 and 2 stud-
ies.12,13 The aim of the RECORD1 analysis was to assess the 
potential economic benefit attributable to the use of oral 
rivaroxaban (10 mg once daily) relative to subcutaneous 
enoxaparin (40 mg once daily) after primary THA. The 
RECORD2 analysis aimed to assess the economic impact 
of extended-duration thromboprophylaxis with rivaroxaban 
compared with short-duration enoxaparin after THA. The 
analyses included only non-drug costs incurred by the health-
care sector and were based on 3 reasonable assumptions, 
ie: (1) asymptomatic events had no impact on healthcare 
costs; (2) nurses spent only 3 minutes a day administering 
enoxaparin and training patients to self-inject; (3) duration 
of hospital stay was 5 days. 

For RECORD1, 2 analyses were performed. One study 
assumed no difference in the occurrence of symptomatic VTE 
between treatments, and the other assumed that the observed 
difference was real but did not reach statistical significance. 

The cost of symptomatic VTE was taken from published 
sources in the United States.14 The results of these analyses, 
summarized in Table 2, demonstrated a significant cost sav-
ings with rivaroxaban after THA compared with enoxaparin. 
These savings were driven by reduced administration and 
hospitalization costs associated with fewer venous thrombo-
embolic events with rivaroxaban therapy.

	Costs of the post-thrombotic syndrome (PTS) were 
excluded in these analyses. However, PTS is estimated to 
affect between 23% and 60% of patients within 2 years of an 
initial deep vein thrombosis, with a total cost per patient of 
more than $11,000 in the United States.15,16 If the incidences 
of total VTE from RECORD1 and RECORD2 are used to 
extrapolate the incidence of PTS in these study populations, 
the potential cost savings with rivaroxaban compared with 
enoxaparin range from $66 to $165 and $176 to $484 per 
patient with PTS, respectively.  

RECORD3 and 4
The aim of the RECORD3 analysis was to assess the 

potential economic benefit attributable to the use of oral 
rivaroxaban (10 mg once daily) relative to subcutaneous 
enoxaparin (40 mg once daily) after TKA.17 The analyses 
included only non-drug costs incurred by the healthcare 

n  Figure. Study Pools in the RECORD1-4 Pooled Analysis10

RECORD indicates REgulation of Coagulation in Orthopedic Surgery to Prevent Deep Venous Thrombosis and Pulmonary Embolism. 
The day 12±2 active treatment pool focused on events occurring in the enoxaparin-controlled period common to all 4 studies. The total treatment dura-
tion pool focused on events occurring during the planned treatment period for each study. The total study duration pool focused on events occurring in 
the planned treatment period plus the follow-up period (30-35 days). 
Reprinted with permission from Turpie AG, Lassen MR, Eriksson BI, et al. Thromb Haemost. 2011;105(3). (In press.)
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sector. As with the other analyses, it was assumed that 
asymptomatic events had no impact on cost, that nurse time 
associated with enoxaparin administration would be approxi-
mately 3 minutes a day, and that the duration of hospital 
stay was 5 days. The results of this analysis demonstrated a 
healthcare utilization cost saving of $192 per patient due to 
the improved health outcomes with rivaroxaban (Table 2).

The RECORD4 analysis was designed to assess the impact 
of improved efficacy with oral rivaroxaban 10 mg once daily vs 
subcutaneous enoxaparin 30 mg twice daily—the enoxaparin 
regimen approved after TKA in the United States—on US 
healthcare costs from a payer’s perspective.18 Treatment costs 
of symptomatic VTE and major bleeding were taken from 
managed care data in the United States.14 For costing purposes 
in this analysis, the duration of hospitalization for TKA (4 
days) was obtained from the Global Orthopaedic Registry.19

Because nurse time may be underestimated, a sensitivity 
analysis included incremental costs associated with home 
nurse visits to administer subcutaneous injections. The 
duration of prophylaxis was assumed to be 14 days. Because 
rivaroxaban is not yet approved in the United States, the 
analysis assumed similar drug acquisition costs to enoxaparin 
40 mg, which is less expensive than enoxaparin 30 mg every 
12 hours. 

The total cost associated with healthcare resource use in 
the United States for the duration of treatment was $469 
per patient with enoxaparin 30 mg twice daily and $307 
with rivaroxaban 10 mg once daily, a cost saving of $162 per 
patient (Table 2). This reduced total cost for rivaroxaban was 
driven primarily by the reduced drug acquisition cost relative 
to enoxaparin 30 mg twice daily, and the absence of monitor-
ing costs. Published data suggest home nurse visits during the 
post-hospital prophylaxis period cost an average of $100 for 
enoxaparin, suggesting that potential savings with rivaroxaban 
could rise to $262 per patient.

This analysis excludes any treatment benefits from a 
reduction in symptomatic events or the impact of PTS. 
However, if the incidence of total VTE in RECORD3 and 
RECORD4 is used to extrapolate the incidence of PTS in 
these study populations, the potential cost savings with 
rivaroxaban compared with enoxaparin range from $231 to 
$605 and $77 to $209 per patient with PTS, respectively. 
Furthermore, pooled data from RECORD1-4 showed a 
significant reduction in symptomatic VTE and death until 
day 12±2 for rivaroxaban compared with enoxaparin (0.5% 
[29/6183] vs 1.0% [60/6200]; P = .001).20 Estimated US costs 
for the treatment of symptomatic VTE range from $9805 to 
$14,146 per event.14 Given the reduced incidence of symp-
tomatic events demonstrated with rivaroxaban in the pooled 
analysis, this could translate into an additional cost saving of 
$48.90 to $70.55 per person compared with enoxaparin in 
the pooled safety population (n = 12,383). 

RECORD1-4
This economic model, which followed patients for 1 year 

post-surgery, was developed based on symptomatic VTE and 
major bleeding data from the RECORD trials and other 
published data.21 Treatment costs for symptomatic VTE and 
major bleeding were taken from published US sources. The 
model assumed similar drug acquisition costs to enoxaparin 
40 mg once daily.

In THA, 35 days of therapy with rivaroxaban resulted in 
a cost saving of $5945 per symptomatic event avoided vs 14 
days of therapy with enoxaparin and a cost saving of $82 per 
patient vs 35 days of therapy with enoxaparin. In TKA, 12 
days of therapy with rivaroxaban produced a cost saving per 
patient of $291 and 16 fewer symptomatic events per 1000 
patients vs 12 days of therapy with enoxaparin twice daily, 
and per-patient savings of $284 and 18 fewer symptomatic 
events per 1000 patients vs enoxaparin 40 mg once daily. 

n Table 2. Cost-Effectiveness Analyses

Total US Healthcare Resources, $ per Patient

Study Enoxaparin Rivaroxaban Saving, $

RECORD15 46a 42.4   3.5

57b 42.5 14.5

RECORD2c,6 192 39 153

RECORD37 290 98 192

RECORD48 469 307 162
aAssuming no difference in the incidence of symptomatic venous thromboembolism (VTE). 
bAssuming the observed difference in the incidence of symptomatic VTE. 
cCompared extended-duration rivaroxaban with short-duration enoxaparin. 
RECORD indicates REgulation of Coagulation in Orthopedic Surgery to Prevent Deep Venous Thrombosis and Pulmonary Embolism.
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Greater savings with oral rivaroxaban result if costs of home 
nurse time or training patients to self-administer enoxaparin 
are included.

	Rivaroxaban for 35 days after THA and for 12 days after 
TKA appears to be cost-effective and, in some instances, a 
cost-saving alternative to enoxaparin.

Conclusions

Venous thromboembolism after THA and TKA represents 
a serious economic burden to the US healthcare system. Long-
term consequences of VTE, such as PTS, add to this burden. 
In many cases, VTE is preventable with the use of adequate 
prophylaxis, and the use of thromboprophylaxis has been 
shown to be cost-effective compared with no prophylaxis. 
Compared with enoxaparin, the current standard of care, 
the new oral anticoagulant rivaroxaban has the potential to 
reduce healthcare costs associated with drug administration 
and management of VTE. Furthermore, rivaroxaban reduces 
the incidence of symptomatic VTE, which could result in fur-
ther cost savings. Given that over 570,000 total hip replace-
ments and nearly 3.5 million total knee replacements are 
projected to be performed annually in the United States by 
2030,22 the potential cumulative cost savings with rivaroxa-
ban can be considerable. 
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