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Clinical trials have shown that rivaroxaban is superior to enoxaparin, the current standard of 
care, in preventing venous thromboembolism after total joint replacement. Cost-effectiveness 

studies have demonstrated that rivaroxaban may potentially be a cost-saving agent. 

T
he number of total hip and 
knee replacement surger-
ies is increasing, and conse-
quently, more patients are at 

risk of venous thromboembolism 
(VTE).1 Without thromboprophy-
laxis, the incidence of proximal deep 
vein thrombosis (DVT) is about 18% 
to 36% following total hip replace-
ment (THR) and about 5% to 22% 
following total knee replacement 
(TKR). The incidence of total pul-
monary embolism (PE) has been es-
timated at 0.9% to 28% in THR and 
1.5% to 10% in TKR, and the inci-
dence of fatal PE has been estimated 
to be as high as 2% following total 
joint replacement surgery.2 Despite 
the availability of effective anticoagu-
lant agents for thromboprophylaxis, 
symptomatic VTE continues to occur 
in 1.3% to 10.0% of patients in the 
3-month period following joint re-
placement surgery.2

VTE following THR or TKR repre-
sents a significant source of morbid-
ity and mortality as well as a financial 
burden on the health care system. 

This burden is increased further by 
the complications of VTE—including 
a high rate of recurrence, postthrom-
botic syndrome (PTS), and pulmo-
nary hypertension—which may be 
more debilitating than the primary 
event.3-5 Effective prophylaxis of VTE 
is paramount in reducing the inci-
dence of these consequences.

Rivaroxaban, a Factor Xa inhibi-
tor, is a novel anticoagulant that has 
recently been approved by the U.S. 
Food and Drug Administration (FDA) 
for prophylaxis of DVT in patients un-
dergoing THR or TKR as well as for 
reduction of the risk of stroke and 
systemic embolism in patients with 
nonvalvular atrial fibrillation (AFib).6 
Clinical trials have shown that rivar-
oxaban is superior to enoxaparin, the 
standard of care, in preventing VTE 
after total joint replacement, and 
cost-effectiveness studies have dem-
onstrated that rivaroxaban may poten-
tially be a cost-saving agent.

This clinical review will address 
the economic and public health bur-
den of VTE following THR and TKR 

and evaluate the novel anticoagulants 
that have been studied for this indi-
cation, including rivaroxaban. The 
safety and efficacy of rivaroxaban will 
be discussed, along with cost-effec-
tiveness issues and practical manage-
ment information.

THE ECONOMIC BURDEN OF VTE
VTE is the most common cause of 
hospital readmission following THR.2 
The occurrence of VTE is reported 
to significantly increase the length of 
hospital stays and health care charges 
in patients undergoing TKR or THR. 
For example, one study reported 
health care charges for the index 
admission that were $9,297 higher 
for inpatients who experienced VTE 
compared with patients with TKR 
who did not have a VTE (P = .02).7 

Similarly, for patients with THR, 
health care charges were $25,853 
higher for inpatients who experi-
enced VTE compared with patients 
who did not (P < .01).7

According to Spyropoulos and 
Lin, the total annual health care cost 
of a VTE (not limited to orthopedic 
patients) is $7,594 to $16,644, de-
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pending on the type of VTE (DVT or 
PE) and whether it was the primary 
or secondary diagnosis on discharge.8 
These costs are significant, especially 
when multiplied by the number of 
THR and TKR surgeries performed 
in the U.S. Furthermore, VTE com-
plications, such as PTS, represent an 
additional driver of health care ex-
penditures.5,9,10

VTE PROPHYLAXIS GUIDELINES 
Both the American College of 
Chest Physicians (ACCP) and the 
American Academy of Orthopaedic 
Surgeons (AAOS) have published ev-
idence-based guidelines for the pre-
vention of VTE following total joint 
replacement.2,11 The 2012 version of 
the ACCP guidelines recommended 
the routine use of low-molecu-
lar-weight heparins (LMWHs), 
fondaparinux, low-dose unfraction-
ated heparin, aspirin, adjusted-dose 
warfarin, rivaroxaban, apixaban, or 
dabigatran for thromboprophylaxis 
following THR or TKR. In contrast, 
the 2011 version of the AAOS guide-
lines makes no specific recommen-
dations for pharmacologic agents.11 
Despite the availability of evidence-
based guidelines with specific recom-
mendations, physician compliance 
with these guidelines is low.12

Before the approval of rivaroxa-
ban, the vitamin K antagonist warfa-
rin was the only available oral option 
for thromboprophylaxis following 
THR or TKR. The use of warfarin can 
be challenging, because it requires 
frequent monitoring and maintaining 
a patient within a specified interna-
tional normalized ratio (INR) range. 
Several factors may influence time-
in-therapeutic range, including drug-
drug and drug-food interactions and 
genetic polymorphisms of vitamin K 
epoxide reductase complex subunit 
1 (VKORC1) and cytochrome P450 
(CYP)2C9.13 Warfarin does not pro-

vide short-term prophylaxis because 
of its delayed onset of action. It has 
been reported that 5 days after THR 
and TKR only about 30% of patients 
are within an INR of 2.0 to 3.0.14 Pa-
tients with an INR below 2.0 are at a 
4- to 5-fold increased risk for VTE.14 

Low-molecular-weight heparins, 
such as enoxaparin, do not require 
routine monitoring and have min-
imal drug interactions.15 The main 
drawback of LMWHs is their inject-
able mode of administration, which 
may influence prescribing habits and 
medication adherence. Patient educa-
tion plays an essential role in ensur-
ing adherence to LMWHs following 
orthopedic surgery.16

NEW ORAL ANTICOAGULANTS
The new oral anticoagulants that 
have completed phase 3 trials for 
VTE prophylaxis following total 
joint replacement surgery include the 
selective Factor Xa inhibitors rivar-
oxaban and apixaban and the direct 
thrombin inhibitor dabigatran etex-
ilate. Unlike warfarin, these agents 
do not require routine monitoring, 
a result of their predictable pharma-
cokinetic/pharmacodynamic (PK/
PD) relationship, and they have few 
clinically significant drug interac-
tions.17 Dabigatran and apixaban are 
not currently FDA approved for VTE 
prophylaxis following total joint re-
placement surgery; however, rivar-
oxaban was approved by the FDA in 
July 2011 for this indication.6 

Apixaban
The Apixaban or Enoxaparin for 
Thromboprophylaxis After Knee Re-
placement (ADVANCE)-1 and AD-
VANCE-2 trials evaluated the use of 
Apixaban for thromboprophylaxis in 
patients undergoing TKR.18,19 In the 
ADVANCE-1 trial, patients undergo-
ing TKR were randomized to receive ei-
ther apixaban 2.5 mg orally twice daily 

or the North American preferred dos-
ing of enoxaparin, 30 mg subcutane-
ously (SC) twice daily, with both agents 
started 12 to 24 hours after surgery and 
then taken for 10 to 14 days.18 

Apixaban did not meet the pre-
specified statistical criteria for nonin-
feriority compared with enoxaparin, 
although the rates of the primary effi-
cacy endpoint (composite of VTE and 
all-cause mortality) were similar: 9.0% 
and 8.8% of patients, respectively. 
However, apixaban showed lower 
rates of clinically relevant bleeding 
and a similar adverse event (AE) pro-
file compared with enoxaparin. 

In the ADVANCE-2 trial, patients 
undergoing TKR received either 
apixaban 2.5 mg orally twice daily or 
enoxaparin 40 mg SC once daily for 
10 to 14 days.19 The primary efficacy 
outcome (composite of total VTE 
and all-cause mortality) occurred at 
significantly lower rates in patients 
receiving apixaban (15% and 24%, 
respectively; relative risk [RR] 0.62; 
95% confidence interval [CI] 0.51-
0.74; P < .0001). Rates of major or 
clinically relevant nonmajor bleeding 
events occurred at similar rates be-
tween the 2 groups.

In the ADVANCE-3 trial, pa-
tients undergoing THR received ei-
ther apixaban 2.5 orally twice daily 
or enoxaparin 40 mg SC once daily 
for 35 days.20 The primary efficacy 
outcome (composite of total VTE 
and all-cause mortality) occurred at 
significantly lower rates in patients 
receiving apixaban (1.4% and 3.9%, 
respectively; RR 0.36; 95% CI 0.22-
0.54; P < .001). Rates of major or 
clinically relevant nonmajor bleeding 
events occurred at similar rates be-
tween both groups.

Dabigatran etexilate
Dabigatran etexilate has been evalu-
ated in patients undergoing TKR in 
the Oral Dabigatran Etexilate vs Sub-
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cutaneous Enoxaparin for the Preven-
tion of Venous Thromboembolism 
After Total Knee Replacement (RE-
MODEL) and Oral Thrombin In-
hibitor Dabigatran Etexilate vs North 
American Enoxaparin Regimen for 
Prevention of Venous Thromboem-
bolism After Total Knee Replacement 
(RE-MOBILIZE) studies and in pa-
tients undergoing THR in the Oral 
Dabigatran vs Enoxaparin for Throm-
boprophylaxis After Primary Total 
Hip Arthroplasty (RE-NOVATE)-1 
and RE-NOVATE‑2 trials.21-24 

In RE-MODEL, patients undergo-
ing TKR received either 150 mg or 
220 mg of dabigatran etexilate once 
daily (starting with a half dose 1 to 
4 hours after surgery) or enoxaparin  
40 mg once daily (started the evening 
before surgery) for 6 to 10 days.23 Both 
doses of dabigatran had a similar in-
cidence of the composite of total VTE 
and mortality and major bleeding. 
In RE-MOBILIZE, patients undergo-
ing TKR received either 150 mg or  
220 mg of dabigatran etexilate once 
daily or the North American regimen 
of enoxaparin, 30 mg SC twice daily 
for 12 to 15 days.24 Both dabigatran 
regimens had a significantly higher 
incidence of the composite of total  

VTE, failing to establish noninferior-
ity to enoxaparin. The incidence of 
major bleeding was not significantly 
different among the 3 groups.

In RE-NOVATE I, patients under-
going THR received either dabiga-
tran 150 mg or 220 mg twice daily, or 
enoxaparin 40 mg SC once daily for 
28 to 35 days.21 Both doses of dabi-
gatran had a similar incidence of the 
composite of total VTE and mortal-
ity and major bleeding. Because RE-
NOVATE I did not include any study 
sites in North America, a second 
phase 3 trial, RE-NOVATE II, was 
conducted to include North Ameri-
can sites. RE-NOVATE II had an 
identical trial design to RE-NOVATE 
I and similar results (noninferior ef-
ficacy and comparable safety).22

Rivaroxaban 
The phase 3 Rivaroxaban vs Enoxa-
parin for Thromboprophylaxis After 
Hip Arthroplasty (RECORD) pro-
gram consisted of 4 double-blind 
randomized trials that compared the 
efficacy and safety of oral rivaroxa-
ban to SC enoxaparin in THR (RE-
CORD1 and 2) and TKR (RECORD3 
and 4). The RECORD1 and 2 trials 
compared rivaroxaban 10 mg orally 

once daily for 31 to 39 days with 
enoxaparin 40 mg SC once daily 
(for 31-39 days in RECORD1 and 
for 10-14 days followed by placebo 
in RECORD2). The RECORD3 and  
4 trials compared 10- to 14-day regi-
mens of rivaroxaban 10 mg orally 
once daily with enoxaparin 40 mg SC 
once daily (RECORD3) and 30 mg 
twice daily (RECORD4). The 4 trials 
used the same efficacy and safety out-
comes (Table). 

In the RECORD1, 2, and 3 studies, 
rivaroxaban significantly reduced the 
composite of DVT, nonfatal PE, and 
all-cause mortality, as well as major 
VTE compared with enoxaparin. 
Major bleeding events as well as clini-
cally relevant nonmajor bleeding and 
hemorrhagic wound complications 
were similar across both groups.25-27

In the RECORD4 study, rivar-
oxaban significantly reduced the 
composite of DVT, nonfatal PE, and 
all-cause mortality, but not major 
VTE, in patients undergoing TKR. 
Major bleeding events as well as 
clinically relevant nonmajor bleed-
ing were numerically higher in the 
rivaroxaban group, but this was not 
statistically significant. Hemorrhagic 
wound complications were similar 

Table. Summary of Results From the RECORD Trials (%)a

Study
Composite of Any DVT, Nonfatal 

PE, and All-Cause Mortality
Major VTE Major Bleeding

               Clinically Relevant 
               Nonmajor Bleeding

Hemorrhagic 
Wound Complications

Rivaroxaban Enoxaparin Rivaroxaban Enoxaparin Rivaroxaban Enoxaparin Rivaroxaban Enoxaparin Rivaroxaban Enoxaparin

RECORD125           1.1
      P < .001

            3.7
          0.2
     P < .001

2.0
          0.3
     P = .18

   0.1
2.9
NR

2.4
1.5 
NR

1.7

RECORD225           2.0
      P < .0001

            9.3
          0.6
     P < .0001

5.1
       < 0.1
         NR

< 0.1
3.3
NR

2.7
1.6
NR

1.7

RECORD327            9.6
      P < .001

18.9
          1.0
     P = .01

2.6
          0.6
     P = .77

   0.5
2.7
NR

2.3
2.0
NR

1.9

RECORD428           6.9
      P = .0118

10.1
          1.2
     P = .1237

2.0
          0.7
     P = .1096

   0.3
2.6
NR

2.0
1.4
NR

1.5

aData are shown for percentage of patients in each treatment group of the individual studies. 
DVT = deep vein thrombosis; PE = pulmonary embolism; VTE = venous thromboembolism; NR = not reported (ie, no P value was provided in publication).          
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across both groups.28 This study was 
not required for approval and was 
not included in the final FDA-ap-
proved package insert.29

In a pooled analysis of the 4 RE-
CORD trials presented at the FDA 
advisory committee, the incidence 
of major bleeding was significantly 
higher in the rivaroxaban group 
(24 events [0.39%]) compared with 
enoxaparin (13 events [0.21%]), 
with a nominal P value of .08 (sig-
nificant at 10% nominal level) in 
the total treatment duration pool.30 
In a pooled analysis by Turpie and 
colleagues who used the same data, 
this difference was not determined 
to be statistically different.31 In addi-
tion, this pooled analysis showed that 
the incidence of treatment-emergent 
hemorrhagic wound complications 
was similar in patients receiving ri-
varoxaban and enoxaparin and that 
fewer treatment-emergent serious 
AEs occurred in patients receiving ri-
varoxaban compared with patients 
receiving enoxaparin.31

In the FDA advisory committee, 
an “isolated signal” for a potentially 
increased risk of ischemic stroke 
was identified: In the safety popula-
tion, ischemic stroke occurred in  

5 patients who had 
received rivaroxaban 
and 1 patient who 
received enoxapa-
rin.30 Furthermore, 
cardiovascular events 
in the safety popu-
lation were con-
centrated around 
discontinuation of 
rivaroxaban, which 
was not the case for 
enoxaparin.  The 
concern of stroke fol-
lowing rivaroxaban 
discontinuation was 
much more robust in 
Rivaroxaban vs War-

farin in Nonvalvular Atrial Fibrilla-
tion (ROCKET-AF), the phase 3 trial 
that compared rivaroxaban and war-
farin for stroke prophylaxis in AFib.32 
In the study ROCKET-AF, higher 
rates of stroke and systemic embolism 
were observed at the end of the trial 
among patients discontinuing rivar-
oxaban and switching to open-label 
warfarin compared with patients who 
had been taking warfarin and were 
transitioned to open-label warfarin. 
This observation led to a black box 
warning in the label of rivaroxaban 
regarding discontinuation of this 
agent.33

RIVAROXABAN MANAGEMENT
The approved dose of rivaroxaban 
for the prophylaxis of VTE is 10 mg 
orally once daily with or without 
food.29 The first dose should be taken 
6 to 10 hours after surgery, once he-
mostasis has been established. Riva-
roxaban should be administered for 
35 days to patients undergoing THR 
and for 12 days to patients under-
going TKR. Tablets may be crushed 
and administered in a gastric feeding 
tube, but they must not be adminis-
tered via feeding tubes that deliver 
the contents into the proximal small 

intestine, because reduced drug ab-
sorption may result.29

The prescribing information for 
rivaroxaban includes a black box 
warning stating that epidural or spi-
nal hematomas have occurred in pa-
tients treated with rivaroxaban who 
are receiving neuraxial (ie, spinal or 
epidural) anesthesia or undergoing 
spinal puncture. For such patients, 
the epidural catheter should not be 
removed earlier than 18 hours after 
the last administration of rivaroxa-
ban.29 The next rivaroxaban dose 
should not be administered earlier 
than 6 hours after the catheter is 
removed.29 If a traumatic puncture 
occurs, rivaroxaban administration 
should be delayed for 24 hours.29 

Factors that can increase the risk of 
developing epidural or spinal hema-
tomas include the use of indwelling 
epidural catheters, concomitant use 
of drugs that affect hemostasis (eg, 
nonsteroidal anti-inflammatory drugs 
[NSAIDs], platelet inhibitors, and 
other anticoagulants), a history of 
traumatic or repeated epidural or spi-
nal punctures, and a history of spinal 
deformity or spinal surgery.

Rivaroxaban has not been studied 
in severe hepatic impairment (Child-
Pugh C), and in subjects with moder-
ate hepatic impairment (Child-Pugh 
B), rivaroxaban has led to increased 
drug exposure, with increased PD ef-
fects. Therefore, rivaroxaban should be 
avoided in patients with moderate to se-
vere hepatic impairment or any hepatic 
disease associated with coagulopathy.29

Rivaroxaban should also be 
avoided in patients with severe renal 
impairment (a creatinine clearance 
[CrCl] of < 30 mL/min), because in-
creased exposure with increased PD 
effects is expected. A combined analy-
sis of the RECORD1, 2, and 3 trials 
did not show an increased bleeding 
risk for patients with moderate renal 
impairment (CrCl 30-50 mL/min) 

Table. Summary of Results From the RECORD Trials (%)a

Study
Composite of Any DVT, Nonfatal 

PE, and All-Cause Mortality
Major VTE Major Bleeding

               Clinically Relevant 
               Nonmajor Bleeding

Hemorrhagic 
Wound Complications

Rivaroxaban Enoxaparin Rivaroxaban Enoxaparin Rivaroxaban Enoxaparin Rivaroxaban Enoxaparin Rivaroxaban Enoxaparin

RECORD125           1.1
      P < .001

            3.7
          0.2
     P < .001

2.0
          0.3
     P = .18

   0.1
2.9
NR

2.4
1.5 
NR

1.7

RECORD225           2.0
      P < .0001

            9.3
          0.6
     P < .0001

5.1
       < 0.1
         NR

< 0.1
3.3
NR

2.7
1.6
NR

1.7

RECORD327            9.6
      P < .001

18.9
          1.0
     P = .01

2.6
          0.6
     P = .77

   0.5
2.7
NR

2.3
2.0
NR

1.9

RECORD428           6.9
      P = .0118

10.1
          1.2
     P = .1237

2.0
          0.7
     P = .1096

   0.3
2.6
NR

2.0
1.4
NR

1.5

aData are shown for percentage of patients in each treatment group of the individual studies. 
DVT = deep vein thrombosis; PE = pulmonary embolism; VTE = venous thromboembolism; NR = not reported (ie, no P value was provided in publication).          
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taking rivaroxaban. However, such 
patients should be observed for signs 
or symptoms of bleeding. Discontinu-
ation should be considered in any pa-
tient who develops acute renal failure 
while taking rivaroxaban.

Drug interaction studies found 
that the concomitant use of rivarox-
aban with drugs that are combined 
P-glycoprotein (P-gp) and CYP3A4 
inhibitors led to increased rivar-
oxaban exposure and PD effects (ie, 
Factor Xa inhibition and prolonged 
prothrombin time). Rivaroxaban ex-
posure was increased significantly 
when the drug was administered with 
combined P-gp and strong CYP3A4 
inhibitors (eg, azole antifungal agents 
and protease inhibitors). Therefore, 
coadministration of rivaroxaban with 
these agents should be avoided, par-
ticularly in patients with any degree 
of renal impairment, because bleed-
ing risk may increase. In cases where 
a change in exposure is considered 
unlikely to affect bleeding risk (ie, co-
administration of weaker combined 
P-gp and CYP3A4 inhibitors, such as 
clarithromycin and erythromycin), no 
precautions are necessary.

If bleeding occurs during treat-
ment with rivaroxaban, it may be 
appropriate to temporarily discon-
tinue the drug and start supportive 
care. Rivaroxaban has a relatively 
short half-life (5-9 hours in healthy 
subjects aged 20-45 years and 11-13 
hours in the elderly), meaning 
that drug effect decreases relatively 
quickly compared with warfarin. 
There is currently no direct anti-
dote for rivaroxaban, but a study in 
healthy human subjects demon-
strated that administration of pro-
thrombin complex concentrates may 
be a potential option.34 Absolute con-
traindications to rivaroxaban treat-
ment include patients with active 
pathological bleeding and those with 
severe hypersensitivity to the drug.

RIVAROXABAN ECONOMICS
Despite its high cost, economic analy-
ses indicate that enoxaparin is a cost-
effective agent for VTE prophylaxis 
compared with warfarin, which is 
well known to be inexpensive.35 An 
economic analysis that took into ac-
count prophylaxis failures and treat-
ment complications as well as the 
direct costs associated with medical 
services, drugs, and laboratory tests 
showed a cost advantage for enoxapa-
rin over warfarin that lasted for a sub-
stantial amount of time (19-31 days 
after hospital discharge).35

An economic model that followed 
patients for 1 year postsurgery specif-
ically evaluated the costs associated 
with symptomatic VTE and major 
bleeding events in the RECORD tri-
als, assuming the cost of rivaroxaban 
to be similar to that of enoxaparin  
40 mg.36 Cost savings for rivaroxa-
ban over enoxaparin were $82 to 
$291 per patient, depending on the 
indication (TKR or THR) and regi-
men, with cost savings increasing 
further if the costs of home nursing 
or training patients to self-adminis-
ter enoxaparin are included.36 This 
economic model was also applied to 
THR and TKR figures from 2005 to 
show the global cost-effectiveness of 
rivaroxaban.37 This analysis showed 
that based on RECORD1, the use 
of rivaroxaban was associated with 
an average cost savings of $82 per 
patient and a reduction of 6 symp-
tomatic events per 1,000 patients un-
dergoing THR. Based on RECORD3, 
the use of rivaroxaban was associ-
ated with a cost savings of $284 per 
patient and a reduction of 18 symp-
tomatic events per 1,000 patients un-
dergoing TKR.

A later cost-effectiveness analy-
sis by Duran and colleagues, pub-
lished after FDA approval, included 
U.S. pricing information.38 In pa-
tients receiving extended-duration 

prophylaxis (35 days) following 
THR, rivaroxaban was associated 
with a cost savings of $695 per pa-
tient compared with enoxaparin. 
Compared with 14 days of enoxapa-
rin, extended-duration rivaroxaban  
(35 days) prevented about 10 ad-
ditional symptomatic VTE events 
per 1,000 patients and saved $244 
per patient. In patients undergoing 
TKR, short-duration rivaroxaban  
(10-14 days) prevented about 13 ad-
ditional symptomatic VTE events 
per 1,000 patients while saving $411 
per patient compared with short-
duration enoxaparin (10-14 days). 
It should be noted that statistically 
significant differences were detected 
only in the base-case economic anal-
ysis, and differences in PE and bleed-
ing events were not captured.

CONCLUSION
The prevalence of VTE after total 
joint replacement continues to pose a 
significant burden to our health care 
system in terms of morbidity, mor-
tality, and health care costs. Novel 
anticoagulants such as rivaroxa-
ban, which is now FDA-approved, 
represent promising alternatives to 
the traditional agents used for VTE 
prophylaxis. In addition to its supe-
rior efficacy and comparable safety 
profile to enoxaparin, rivaroxaban’s 
oral route of administration and 
straightforward management make it 
a promising alternative. In particular, 
the lack of a requirement for routine 
coagulation monitoring or dose ad-
justment should simplify treatment 
with the potential to improve compli-
ance and adherence. 

Some questions remain unan-
swered, such as lack of a direct anti-
dote or widely accepted reversibility 
technique and how to monitor or as-
sess anticoagulation status in emer-
gency situations, such as overdose 
or pathologic bleeding. Importantly, 
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early cost-effectiveness analyses indi-
cate that rivaroxaban is cost-effective 
and potentially even cost-saving com-
pared with enoxaparin and warfarin.
Careful postmarketing surveillance 
will need to be conducted to establish 
its safety in real-world settings.  ●
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