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Abstract: Routine thromboprophylaxis represents the current standard of care in the
management of patients following total hip or knee replacement. Legacy agents used to address
the issue of risk of venous thromboembolism present barriers to use, either by the need for
monitoring and dose adjustment (warfarin) or the need for injection (low molecular weight
heparins and fondaparinux), or pose a risk of upper gastrointestinal bleeding (acetylsalicylic
acid and all antithrombotic agents). The introduction of new pharmacologic agents in recent
years has sought to address the issues of not only efficacy, but also safety, ease of use, and
patient compliance. New orally administered agents, ie, apixaban, dabigatran, and rivaroxaban,
have demonstrated various degrees of efficacy over enoxaparin while preserving safety. Indirect
comparisons of the relative efficacies of apixaban, dabigatran, and rivaroxaban have shown
rivaroxaban to be more efficacious than dabigatran and apixaban in reducing symptomatic
and total venous thromboembolism following total hip or knee replacement surgery. A pooled
analysis of the four RECORD (Regulation of Coagulation in Orthopedic Surgery to Prevent deep
vein thrombosis and pulmonary embolism) trials (two in total hip replacement and two in total
knee replacement) demonstrated rivaroxaban to be the first and only antithrombotic agent ever
to demonstrate superiority in reducing symptomatic venous thromboembolism and all-cause
mortality compared with another antithrombotic agent (enoxaparin). New oral antithrombotic
agents have demonstrated efficacy in prophylaxis against venous thromboembolism following
total hip or knee replacement surgery while preserving safety, with increased ease of administration of thromboprophylaxis for both the patient and the physician, which may contribute
to improved compliance.
Keywords: thromboprophylaxis, venous thromboembolism, rivaroxaban, total hip replacement,
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Physiologic responses of the body to total hip or knee replacement surgery put patients
at high risk for venous thromboembolism. Routine thromboprophylaxis represents
the current standard of care in the management of patients following total hip or
knee replacement.1 Controversy exists as to the optimum prophylactic regimen, and
no single strategy has been identified that is best for all patients. The introduction of
new pharmacologic agents in recent years has sought to address the issues of not only
efficacy, but also safety, ease of use, and patient compliance. Of primary concern to
orthopedic surgeons is the issue of bleeding, leading some surgeons to take a non-
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evidenced-based approach to thromboprophylaxis in order
to increase the margin of safety in terms of a reduction in
hemorrhagic complications and potential infection risk.2–4

Pharmacologic antithrombotic
overview
Warfarin has been used as a thromboprophylactic agent
following arthroplasty for over four decades. The vitamin
K-dependent factors (II, VII, IX, X) in the coagulation
cascade are targeted by warfarin, bringing about a dosedependent systemic anticoagulation. The use of doseadjusted warfarin has been validated as an effective strategy
in reducing the risk of venous thromboembolism, but its
use is associated with a number of challenges. An INR
value of at least 2.0 has been advocated by a number of
organizations as a target for effective thromboprophylaxis
following total hip or knee replacement.5,6 This requires
phlebotomy for anticoagulation monitoring in order to adjust
the warfarin dosage to achieve the target INR as a balance
between efficacy and safety. Further, significant variation
exists in terms of individual response to warfarin, with some
patients appearing to be very warfarin-sensitive, while others are relatively warfarin-resistant. Warfarin also has many
potential food and drug interactions, so if warfarin use is
instituted for prophylaxis against venous thromboembolism,
it is critical to obtain a very careful drug inventory from the
patient, because potentially serious drug interactions are
largely preventable. Absent is a warfarin service to manage
anticoagulation, the labor-intensive nature of this strategy
serves as a disincentive to the orthopedic surgeon to manage
venous thromboembolism prophylaxis by these means.
Low molecular weight heparins have been used since
the 1980s and are a class of pharmacologic agents in widespread use for prophylaxis against venous thromboembolism following total hip or knee arthroplasty. Enoxaparin,
dalteparin, and nadroparin are representative low molecular
weight heparins, and achieve their antithrombotic effect by
targeting factor Xa and, to a lesser degree, factor IIa, in the
coagulation cascade. Pivotal trials involving the various
low molecular weight heparins have generally demonstrated approximately 50% superior efficacy compared with
warfarin, with comparable safety.7–9 Enoxaparin is approved
for use as prophylaxis against venous thromboembolism
following total hip or knee replacement surgery. Dalteparin
has an indication for use following total hip replacement
only, and nadroparin is not approved for use in the United
States. These agents require subcutaneous injection, so the
cooperation of a knowledgeable and compliant patient who
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is instructed in self-administration, or the use of a family
member or nursing personnel, is required in order to employ
this strategy successfully. Until recently, no antithrombotic
regimen had been found to be superior in efficacy to the North
American regimen of enoxaparin 30 mg subcutaneously
every 12 hours. Since its introduction into the orthopedic
community as a thromboprophylactic agent, it has been
anecdotally reported that there is a tendency for patients on
enoxaparin to have increased drainage from the surgical site.
While efforts to quantify this drainage have been unsuccessful, this is of concern to many orthopedic surgeons because
of the potential increase in infection risk. A recently published literature review demonstrates parity in the division
between those studies that report an increase in infection in
association with hemorrhagic complications following joint
arthroplasty with the use of pharmacologic prophylaxis, and
those that demonstrate no association.10 Because hospital
lengths of stay have gradually declined, an increasingly large
proportion of venous thromboembolism events occur post
discharge, beyond the realm of surveillance by health care
providers. Patient compliance with continued subcutaneous
low molecular weight heparin injection post discharge is a
concern for many physicians.
Fondaparinux is a selective inhibitor of factor Xa and
is also administered once daily by subcutaneous injection.
It acts by reversibly binding antithrombin, bringing about
a conformational change that leads to irreversible binding
with factor Xa. While a meta-analysis of the fondaparinux
pivotal trials demonstrates superiority to enoxaparin in reducing the risk of venous thromboembolism following total hip
replacement, total knee replacement, and hip fracture,11 this
agent has seen less widespread use compared with the low
molecular weight heparins. It is currently the only antithrombotic agent with an indication for use in thromboprophylaxis
following hip fracture. Like low molecular weight heparins,
the need for subcutaneous self-injection is an area of concern
with regard to compliance, for both short-term and extendedduration prophylaxis in the post-discharge setting.
Acetylsalicylic acid (aspirin) is not an antithrombotic
agent in that it has no effects on the coagulation cascade. It
is a nonselective inhibitor of cyclo-oxygenase-1 and cyclooxygenase-2. The activity of acetylsalicylic acid leads to inhibition of arachidonic acid conversion to cyclo-oxygenase-2,
leading to disruption of platelet aggregation, thereby indirectly reducing the risk of thrombosis.12 While there is ample
level 1 scientific evidence to support the efficacy of virtually
all antithrombotic agents in decreasing the risk of venous
thromboembolism, no level 1 scientific evidence exists
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for acetylsalicylic acid with regard to venous thrombosis.
A significant body of clinical data in support of the efficacy of acetylsalicylic acid in prophylaxis against deep
vein thrombosis comes from the arthroplasty series at the
University of Pennsylvania,13 where Lotke advocates the use
of acetylsalicylic acid 325 mg orally twice daily for 6 weeks
as an effective strategy for reducing the risk of deep vein
thrombosis.14 Use of acetylsalicylic acid in deep vein thrombosis prophylaxis is employed by approximately 16%–18%
of orthopedic surgeons in the United States following total
hip or knee replacement. However, many surgeons use lowdose (81 mg) acetylsalicylic acid once daily, although routine
use of this dose is not supported in the literature by advocates
of acetylsalicylic acid. While acetylsalicylic acid 325 mg
orally twice daily is a simple and inexpensive strategy, additional risks posed by this approach center on the risk of upper
gastrointestinal bleeding. In the United Kingdom, in an effort
to reduce the risk of upper gastrointestinal bleeding, which is
increased by up to 3.2-fold with acetylsalicylic acid regimens
ranging from 150–300 mg orally twice daily following hip
and knee replacement, ranitidine at a dosage of 300 mg once
daily has been advocated and is utilized in order to mitigate
the hemorrhagic risks associated with acetylsalicylic acid.15
The Pulmonary Embolism Prevention Trial is often cited as
supportive evidence of the effectiveness of acetylsalicylic
acid in reducing the risk of venous thromboembolism.
While this study demonstrated that patients randomized to
the acetylsalicylic acid group had fewer venous thromboembolism events compared with placebo in patients following
hip fracture, the same was not found in patients following
hip and knee replacement.16 Further, patients randomized
to the acetylsalicylic acid arm were allowed concurrent
use of additional thromboprophylactic measures, including
mechanical prophylaxis and even low molecular weight
heparin administration, so a study that truly isolates the
effects of acetylsalicylic acid is still needed.

New pharmacologic antithrombotic
agents
Dabigatran is a direct thrombin inhibitor and selectively
targets factor IIa. Its use has been studied in prophylaxis
against venous thromboembolism following total hip replacement or total knee arthroplasty. It has been developed as an
oral agent to be administered once daily. Pivotal trials have
demonstrated dabigatran to be noninferior to enoxaparin
40 mg once a day in the prevention of symptomatic venous
thromboembolism and all-cause mortality following total
hip arthroplasty. In pivotal trials involving total knee
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a rthroplasty, dabigatran was found to be superior to the
European regimen of enoxaparin 40 mg once a day but to be
inferior to the regimen of enoxaparin 30 mg every 12 hours
used in the United States.17–19 Safety was found to be comparable with that of enoxaparin.17 It has been demonstrated
that use of dabigatran in patients with renal insufficiency may
result in accumulation. As a result, dose adjustments may
be required in patients with moderate renal insufficiency.
Dabigatran is contraindicated in patients with severe renal
insufficiency. It has been approved for use in the European
Union and Canada, but is not approved for use in venous
thromboembolism prophylaxis in the United States.
Apixaban is a direct inhibitor of factor Xa. This is an oral
agent designed to be administered twice daily. In pivotal trials
against enoxaparin, apixaban failed to demonstrate noninferiority against the regimen of enoxaparin used in the United
States, but was found to be superior to the European regimen
of enoxaparin for both total hip replacement and total knee
arthroplasty, with a lower rate of major and clinically relevant
nonmajor bleeding.20–22 It is not approved for use as prophylaxis
against venous thromboembolism in the United States.
Rivaroxaban is the first drug in the class of direct inhibitors of factor Xa that has reached the market.23 It is designed
to be administered orally at a fixed dose of 10 mg once a day.
No monitoring or dose adjustment is required when used for
prophylaxis against venous thromboembolism. One third of
the drug is excreted renally, and two thirds is cleared via the
hepatobiliary route. Rivaroxaban is contraindicated in patients
with a creatinine clearance , 15 mL per minute. The half-life
in normal individuals is approximately 9 hours. The safety
and efficacy of rivaroxaban at a fixed dose of 10 mg was compared against enoxaparin in four pivotal trials in the RECORD
(Regulation of Coagulation in Orthopedic Surgery to Prevent
deep vein thrombosis and pulmonary embolism) program.
RECORD1 and RECORD2 included patients following total
hip replacement, while RECORD3 and RECORD4 included
patients following total knee replacement. In RECORD1,
5 weeks of rivaroxaban was compared against 5 weeks of
enoxaparin. In RECORD2, 5 weeks of rivaroxaban was compared with 2 weeks of enoxaparin followed by 2 weeks of
placebo to assess the benefits of extending the duration of drug
administration from 2 weeks to 5 weeks. In both RECORD3
and RECORD4, 12 days of rivaroxaban was compared with
12 days of enoxaparin. At over 12,500 patients, RECORD is
the largest orthopedic development program ever conducted.
All four RECORD trials demonstrated superiority in reducing
total venous thromboembolism compared with enoxaparin.24–27
Additionally, in the RECORD4 study of total knee arthroplasty,
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rivaroxaban was found to be the first and only thromboprophylactic agent to demonstrate superiority over the regimen of
enoxaparin 30 mg every 12 hours used in the United States for
reducing total venous thromboembolism. Safety was found to
be comparable between the two drugs in all four RECORD trials
with regard to bleeding, hepatic, and cardiac events, with good
tolerability. With regard to long-term safety outcomes, a pooled
analysis of safety data revealed that the incidence of any adverse
events was similar between the rivaroxaban group (70.6%) and
the enoxaparin group (72.53%).28 Rivaroxaban was approved
by the United States Food and Drug Administration on July 1,
2011 for use in the prophylaxis against deep vein thrombosis
which may lead to pulmonary embolism in patients following
total hip or knee replacement surgery.

Comparative efficacy and safety
No study has directly compared the safety and efficacy of any
of the new oral antithrombotic agents (rivaroxaban, dabigatran,
and apixaban) against all legacy thromboprophylactic
strategies (low molecular weight heparin, warfarin,
acetylsalicylic acid). Similarly, no direct comparisons
between any of the new antithrombotic agents to evaluate
their comparative safety and efficacy have been conducted.
What is known based on level 1 scientific evidence in
randomized controlled trials is that the low molecular
weight heparins as a group (enoxaparin and dalteparin) are
superior in efficacy to warfarin, fondaparinux is superior
to enoxaparin, rivaroxaban is superior to enoxaparin, and
dabigatran and apixaban show noninferiority to enoxaparin.
It is not possible to compare safety data from trial to trial
because there is no standardized definition of bleeding that
has been used uniformly in all randomized controlled trials.
Differences in reported major bleeding rates among pivotal
trials for various antithrombotic agents are driven to a large
extent by the actual definitions of bleeding, which were
much stricter and limited in scope in the RECORD trials,
driven partially by the regimens utilized and partially by
the properties of the agents themselves. It is more useful to
assess the risks of bleeding relative to the comparator rather
than focusing on the absolute major bleeding rates of an
agent in isolation.
Published studies have made indirect comparisons,
via enoxaparin, of the relative efficacies of rivaroxaban,
dabigatran, and apixaban.29–31 These indirect comparisons
have suggested that rivaroxaban may be more efficacious
than dabigatran and apixaban in reducing symptomatic and
total venous thromboembolism following total hip or knee
replacement surgery.
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Neither warfarin, low molecular weight heparins,
fondaparinux, dabigatran, apixaban, nor acetylsalicylic acid
have ever been shown to achieve a statistically significant
reduction in symptomatic venous thromboembolism and
mortality over any other thromboprophylactic strategy.
However, a pooled analysis of the four RECORD trials, two
in total hip replacement and two in total knee replacement,
demonstrated rivaroxaban to be superior in reducing the
composite of symptomatic venous thromboembolism
and all-cause mortality compared with enoxaparin. 32,33
This superiority over another antithrombotic has not been
demonstrated previously or established in meta-analysis or
indirect comparisons of various thromboprophylactic agents
since then. 29,30 The composite of symptomatic venous
thromboembolism and all-cause mortality was reduced
by over 50% with the use of rivaroxaban compared with
enoxaparin (Figure 1). This superiority was achieved
without a statistically signif icant increase in major
bleeding, minor bleeding, or clinically relevant nonmajor
bleeding, although the composite of major and clinically
relevant nonmajor bleeding was found to be higher on
rivaroxaban than on enoxaparin and this is supported by
other analyses.30,34

Discussion
Direct and indirect data from randomized controlled trials
regarding venous thromboembolism prophylaxis following
major orthopedic surgery demonstrate improved efficacy of
rivaroxaban compared with dabigatran and apixaban, and
superiority compared with enoxaparin. Orthopedic surgery
practice in the area of venous thromboembolism prophylaxis
has been guided by concerns over bleeding with modern
agents as a result of the perception that patients are being
exposed to bleeding risks with more efficacious agents
without a demonstrated impact on symptomatic venous
thromboembolism events or mortality.35 Results from the
pooled analysis of over 12,000 patients involved in the
RECORD trials dispel those notions now, with the demonstrated impact of rivaroxaban in reducing the composite of
symptomatic venous thromboembolism events and all-cause
mortality compared with enoxaparin.

Conclusion
The availability of new oral antithrombotic agents has
increased the ease of administration of thromboprophylaxis
for both the patient and the physician, which may contribute to improved compliance. The demonstrated superior
efficacy of rivaroxaban holds the promise of a reduction in
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Figure 1 Symptomatic venous thromboembolism and all-cause mortality (during treatment and follow-up).
Notes: Safety population, n = 12,383; subjects at risk, rivaroxaban n = 6200 and enoxaparin n = 6183.
Reprinted from Vasc Health Risk Manag, Vol 7, Kwong LM, Therapeutic potential of rivaroxaban in the prevention of venous thromboembolism following hip and knee
replacement surgery, pages 461–466, Copyright © 2011, with permission from Dove Medical Press.36
Abbreviations: CI, confidence interval; HR, hazard ratio.

clinical venous thromboembolism and mortality in patients
undergoing total hip or knee arthroplasty.
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