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Abstract

Purpose Rivaroxaban is a newly developed oral medicine
that direct inhibits factor Xa for the prevention and
treatment of thromboembolic disorders. The objective of
this study was to compare the efficacy and safety of
rivaroxaban versus enoxaparin, a medicine routinely used
for thromboprophylaxis after total hip or knee arthroplasty.
Methods We performed a meta-analysis of relevant
randomized controlled trials (RCTs) identified in
PubMed, Cochrane library, and Embase. The primary
efficacy outcome for our meta-analysis was total venous
thromboembolism (VTE) and all-cause mortality. The
primary safety outcome was bleeding events, which were
categorized as major, clinically relevant non-major, or
minor events.

Results Eight RCTs, involving 15,586 patients, were
included in our meta-analysis. Compared to enoxaparin,
thromboprophylaxis with rivaroxaban was associated with
significantly fewer VTE and all-cause mortality [9,244
patients, risk ratio (RR) 0.56, 95% confidence interval
(CI) 0.39-0.80] cases and a similar incidence of bleeding
cases (major bleeding events: 13,384 patients, RR 1.65,
95% CI 0.93-2.93; clinically relevant non-major bleeding
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events: 13,384 patients, RR 1.21, 95% CI 0.98-1.50; total
bleeding events, 13,384 patients, RR 1.10, 95% CI 0.97—
1.24). The total hip or knee arthroplasty subgroup analysis
revealed consistent efficacy and safety findings.
Conclusions Rivaroxaban was more effective than the
recommended dose of enoxaparin and had a similar
safety profile for thromboprophylaxis after hip and knee
arthroplasty.

Keywords Embolism - Thrombosis - Prophylaxis -
Anticoagulants - Meta-analysis

Background

Venous thromboembolism (VTE) is a major and potentially
fatal complication after total hip or knee arthroplasty [1].
Without prophylactic anticoagulation, the frequency of
VTE after total hip or knee arthroplasty is high, and
anticoagulant therapy has the potential to substantially
reduce the frequency [2—4].

At the present time, low-molecular-weight heparins
(LMWHs) and vitamin K antagonists are routinely used
for thromboprophylaxis after major orthopedic surgery.
Although they effectively reduce the incidence of VTE,
they are associated with a number of limitations. Vitamin K
antagonists, such as warfarin, have unpredictable pharma-
cologic effects and numerous food and drug interactions,
and they require frequent monitoring that is difficult to
manage [5]. LMWHs need to be administered subcutane-
ously, which often results in discontinuation after discharge
from hospital, and they are cost-effective only when
patients or caregivers can be taught to inject the drug at
home [6-8]. Consequently, the search for a new and
improved agent is a continuing clinical challenge.
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Rivaroxaban (BAY 59-7939) is a newly approved, oral
direct inhibitor of factor Xa that can be used for the
prevention and treatment of thromboembolic disorders. It
inhibits the active site of factor Xa directly (without the
need for the cofactor antithrombin), which distinguishes its
mechanism of action from that of the indirect factor Xa
inhibitors, such as the LMWHs (e.g., the pentasaccharides
fondaparinux and idraparinux) [9].

Several randomized controlled trials (RCTs) have been
carried out to compare the efficacy and safety of rivarox-
aban versus enoxaparin, a LMWH that is usually given for
thromboprophylaxis after total hip or knee arthroplasty [10—
17]. Results from these RCTs have indicated that rivarox-
aban is an efficacious and promising agent for thrombo-
prophylaxis after total hip or knee arthroplasty and superior
to—or at least as effective as—enoxaparin. In the study
reported here, our aim was to compare more conclusively
the efficacy and safety of rivaroxaban versus enoxaparin for
thromboprophylaxis after hip or knee arthroplasty by
performing a meta-analysis of relevant RCTs.

Methods
Data sources

The study was performed using a prespecified search
strategy and study eligibility criteria. We performed an
extensive search of PubMed (up to March 2010), the
Cochrane Central Register of Controlled Trials (Cochrane
Library Issue 2, 2010), and Embase (1980 to March 2010)
to identify relevant RCTs for our meta-analysis. We
restricted the search to RCTs. Search term combinations
were “rivaroxaban”, “enoxaparin”, “low-molecular-weight
heparins”, “total knee arthroplasty” and similar, “total hip
arthroplasty” and similar, “thromboprophylaxis” and simi-
lar, and “venous thromboembolism” and similar. The
language of the research papers was not restricted to
English. All reference lists from the relevant articles and
reviews were hand searched for additional eligible studies.
Experts in the field were also consulted. The articles that

were not available to us were requested from the authors.
Study selection

Two reviewers (YBC and JDZ) independently searched
the literature and examined relevant RCTs for further
assessment. The criteria for including a study in our meta-
analysis was: (1) it was a RCT; (2) it included patients of
all ages undergoing total hip or knee arthroplasty; (3) it
compared the efficacy and safety of rivaroxaban versus
enoxaparin for thromboprophylaxis. Trials with a blinded
and unblinded design were both included; abstracts in
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scientific conferences were not included. Experimental
trials and trials focusing on pharmacokinetic or pharma-
codynamic variables were excluded.

Qualitative assessment

Evaluation of the methodological quality of the RCTs
included in the meta-analysis was performed independently
by the two reviewers (MMA and ZZ) using the Jadad
scoring system as follows [18]. One point is awarded for
the presence of randomization, blinding, and data on study
withdrawals, respectively. Also, if the randomization or
blinding procedures are appropriate, one point is awarded
for each procedure; no points are awarded if no data are
provided on the methodology of the above-mentioned
procedures. Finally, if any of these procedures is not
deemed appropriate, one point is deducted for each one.
The maximum score that can be attributed to an RCT is 5.
An RCT with a score >2 is considered to be an RCT of
adequately good quality [19, 20].

Data extraction

The two reviewers (YBC and JDZ) independently extracted
data from the included trials. Data were extracted from
each study with a predesigned review form. In the case of
disagreement between the two reviewers, a third reviewer
extracted the data, and the results were attained by
consensus. We contacted the authors of trials for missing
data when necessary. Data on study characteristics
(methodology, included population, study design and
drugs, and publication details), endpoint data (efficacy
outcomes and safety outcomes), and adverse events during
treatment and follow up were extracted.

Analyzed outcomes

The primary efficacy outcome of this meta-analysis was
total VTE and all-cause mortality, defined as the composite
of VTE (any deep-vein thrombosis or nonfatal pulmonary
embolism) and death from any cause. The secondary
efficacy outcome included major VTE (defined as the
composite of proximal deep vein thrombosis, nonfatal
pulmonary embolism, or death from VTE), deep vein
thrombosis (any thrombosis, including both proximal and
distal), and symptomatic VTE.

The primary safety outcome of the meta-analysis was
bleeding events, which were categorized as major events,
clinically relevant non-major bleeding events, or minor
events, beginning after the first dose of the study drug
and remaining up to 2 days after the last dose of the
study drug. A major bleeding event was defined as
bleeding that was fatal, that occurred in a critical organ,
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or that required a re-operation, or as extrasurgical-site
bleeding that was clinically overt and associated with a
fall in the hemoglobin level of at least 2 g/dl or that
required the transfusion of >2 U of whole blood or
packed cells. The secondary safety outcome was drug-
related adverse event.

Data analysis and statistical methods

Statistical analyses were done with Review Manager ver.
5.0.20 (Cochrane Collaboration, Oxford, UK). We assessed
the heterogeneity of the trial results by calculating a chi-
square test of heterogeneity and the /° measure of
inconsistency. The publication bias was assessed by
examining the funnel plot. We used a random-effects model
by using the DerSimonian and Laird method for pooling
risk ratios (RRs) and 95% confidence intervals (Cls) of all
primary and secondary outcomes throughout the meta-
analysis. Heterogeneity was investigated through subgroup
analyses as defined above.

Results

Study selection process

The flow diagram (Fig. 1) shows the detailed screening
and selection process that we applied before including

trials in our meta-analysis. The search was performed in
PubMed, the Cochrane Central Register of Controlled

Trials, and Embase. We obtained 18 full papers from 84
studies for detailed evaluation. We ultimately identified
eight RCTs that fulfilled all of the criteria for inclusion in
the meta-analysis.

Study characteristics

The main characteristics of the eight included RCTs
(type of study design, characteristics of the included
population, drug tested, number of patients randomized,
and Jadad score) are presented in Table 1. The total
population of the included trials was 15,586 patients. All
of the included RCTs were performed exclusively in adult
patients undergoing total hip arthroplasty (five RCTs) or
knee arthroplasty (three RCTs), and all RCTs were
assessed to be good in terms of methodology (seven trials
with appropriate double blinding and double-dummy
protocols). The high Jadad scores (Five RCTs had a score
of 5, two had 4, and one had 3) also indicated the high
quality of the RCTs included in the meta-analysis. We
examined the funnel plot [standard error (SE) of log RR
plotted against RRs] to estimate publication bias and
obtained a symmetric inverse funnel distribution.
Treatment schedules for thromboprophylaxis were
comparable between the included trials. All of the
patients in the rivaroxaban group received the first dose
after 6-8 h of wound closure. For dose-ranging studies,
only the group treated with a total daily dose of 10 mg
was included in the analysis to avoid clinical heteroge-
neity. In the patients included in our meta-analysis,

Fig. 1 Flow diagram of the
randomized controlled trials Potentially relevant articles
(RCTs) reviewed retrieved (n=84)

A

66 studies were excluded on

A 4

screening abstract and titles for

inclusion criteria

4

Potentially re
retrieved for
(n=18)

levant  studies

full evaluation

A

Excluded due to:
e Study focusing on pharmacokinetic or
pharmacodynamics variables (n=4)

* Being combination analysis of RCTs

already included in the meta-analysis
(n=1)
e Studies evaluating other agent or

different main outcomes (n=>5)

4

Studies included in final analysis (n=8)
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Table 1 Main characteristics of the trials included in the meta-analysis

Study Type of Included Drug tested Number of  Jadad
study population patients score
Rivaroxaban Enoxaparin randomized
Turpie Multicenter ~ Adults, >18 years-old who  Rivaroxaban 10 mg, Enoxaparin 3,148 5
et al. double- were scheduled to orally once daily, started 30 mg, subcutaneous
(2009) blind undergo elective total 6-8 h after wound closure injections every 12
[10] RCT knee arthroplasty or after adequate hemostasis h with the first dose
had been achieved was started 12-24
h after wound closure.
Eriksson ~ Multicenter ~ Adults, >18 years-old who ~ Rivaroxaban 10 mg, orally once Enoxaparin 40 mg, 4,541 5
et al. double- were scheduled to daily, started 6-8 h after wound subcutaneous injection
(2008) blind undergo elective total closure. once daily, initiated 12
[11] RCT hip arthroplasty h before surgery and
restarted 6-8 h after
wound closure.
Lassen Multicenter ~ Adults, >18 years-old who  Rivaroxaban 10 mg, orally once Enoxaparin 40 mg, 2,531 5
et al. double- were scheduled to daily, started 6-8 h after wound subcutaneous
(2008) blind undergo elective total closure. injection once daily,
[12] RCT knee arthroplasty initiated 12 h before
surgery and restarted 6—
8 h after wound
closure.
Kakkar Multicenter ~ Adults, >18 years-old who  Rivaroxaban 10 mg, orally once Enoxaparin 40 mg, 2,509 5
et al. double- were scheduled to daily, started 6-8 h after wound subcutaneous
(2008) blind undergo elective total closure. injection once daily,
[13] RCT hip arthroplasty initiated 12 h before
surgery and restarted 6—
8 h after wound
closure.
Eriksson ~ Multicenter ~ Men aged >18 years and Oral rivaroxaban 2.5, 5, Enoxaparin 40 mg, 641 3
et al. open- postmenopausal women 10, 20 or 30 mg subcutaneous
(2007) label RCT scheduled for elective, beginning 6-8 h after wound injection once daily,
[14] primary total hip closure, and every 12+1 initiated the evening
replacement surgery h thereafter, or oral rivaroxaban before surgery, and
30 mg beginning 6-8 h after restarted 6-8 h after
wound closure and every 24+1 wound closure
h thereafter.
Eriksson ~ Multicenter, Men aged >18 years and Oral rivaroxaban (5, 10, 20, 30, Enoxaparin 40 mg, 873 4
et al. double- postmenopausal women or 40 mg) was administered subcutaneous
(2006) blind scheduled for elective, 6-8 h after surgery and once injection once daily,
[15] RCT primary total hip daily thereafter initiated the evening
replacement surgery before surgery, and
restarted 6-8 h after
wound closure
Eriksson ~ Multicenter ~ Men aged >18 years and Oral rivaroxaban 2.5, 5, Enoxaparin 40 mg, 722 4
et al. double- postmenopausal women 10, 20 or 30 mg subcutaneous
(2006) blind scheduled for elective, beginning 6-8 h after injection once daily,
[16] RCT primary total hip wound closure, and initiated the evening
replacement surgery every 12+1 h thereafter before surgery, and
restarted 6-8 h after
wound closure
Turple Multicenter, Men aged >18 years and Oral rivaroxaban 2.5, 5, Enoxaparin 30 mg, 621 5
et al. double- postmenopausal women 10, 20 or 30 mg subcutaneous injection
(2005) blind, scheduled for elective, beginning 6-8 h after every 12 h with the first
[17] RCT primary total knee wound closure, and dose given on the

replacement surgery

every 12+1 h thereafter

morning after surgery

RCT, Randomized controlled trial
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rivaroxaban

Fig. 2 Meta-analyses of the

enoxaparin

Risk Ratio Risk Ratio

primary efﬁcacy outcome [total Study or .Subgruup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
h boembolism 1.Total hip arthroplasty
venous throm _ Eriksson(2006)[15] 12 113 27 107 109%  0.42[0.22,0.79]
(VTE) and all-cause mortality] Eriksson(2008)[16] 15 109 18 108 10.9% 0.81[0.43, 1.52] s
comparing rivaroxaban with Eriksson(2007)[14] 15 63 18 107 11.1% 1.42[0.77, 2.61] T
enoxaparin for thromboprophy- Eriksson(2008)[11] 18 1595 58 1558 12.1% 0.30[0.18, 0.51] *
laxis after total hlp or knee Kakkar(2008)[13] 17 864 81 869 12.2% 0.21 [0.13, 0.35] o
Subtotal (95% CI) 2744 2747 57.1% 0.49 [0.25, 0.98] "'
arthroplasty Total events 77 202
Heterogeneity: Tau® = 0.52; Chi® = 28.19, df = 4 (P < 0.0001); /* = 86%
Test for overall effect: Z = 2.03 (P = 0.04)
2.Total knee arthroplasty
Lassen(2008)[12] 79 824 166 878 15.0% 0.51 [0.39, 0.65] T
Turple(2005)[17] 23 &7 1 70 13.4% 0.91 [0.60, 1.37] —l
Turple{2008)[10] 67 965 a7 958 14.5% 0.69 [0.51, 0.92] T
Subtotal (95% CI) 1846 1907 42.9% 0.66 [0.48, 0.91] ’
Total events 169 294
Heterogeneity: Tau? = 0.06; Chi* = 6.39, df = 2 (P = 0.04); /¥ = 69%
Test for overall effect: Z = 2.50 (P = 0.01)
Total (95% CI) 4590 4654 100.0% 0.56 [0.39, 0.80] “
Total events 246 496

Heterogeneity: Tau® = 0.21; Chi? = 38.87, df = 7 (P < 0.00001); /2 = 82%
Test for overall effect: Z = 3.13 (P = 0.002)

rivaroxaban was administrated orally once daily with a
dose of 10 mg in five RCTs, and orally twice daily with
total daily dose of 10 mg in the other three dose-ranging
RCTs. The trials included in our meta-analysis used the
enoxaparin dose and regimen approved for use in Europe
(six RCTs; 40 mg once daily, first dose received 12 h or
the evening before surgery and medication resumed 6—
8 h after wound closure) or in the USA (two RCTs:
30 mg twice daily, first dose received on the morning
after surgery or 12-24 h after wound closure).

Efficacy outcomes

Data on primary outcome and secondary outcomes were
provided in all eight relevant RCTs. Compared to
enoxaparin, thromboprophylaxis with rivaroxaban was
associated with significantly fewer total VTE and all-
cause mortality (9,244 patients, RR 0.56, 95% CI 0.39-
0.80), but a similar mortality (9,622 patients, RR 0.58,
95% CI 0.24-1.37). All secondary efficacy outcomes
were fewer in the rivaroxaban groups than in the
enoxaparin groups (major VTE: 10,086 patients, RR
0.42, 95% CI 0.20-0.84; deep-vein thrombosis: 9,244
patients, RR 0.54, 95% CI 0.37-0.79; symptomatic VTE:
12,500 patients, RR 0.49, 95% CI 0.34-0.72). The RRs
for the development of the primary outcome and
secondary efficacy outcomes in individual RCTs as well
as the pooled RRs are given in Figs. 2 and 3,
respectively. Our meta-analysis of the primary outcome
and secondary outcomes reveals the superiority of rivar-
oxaban over enoxaparin for thromboprophylaxis after total
hip or knee arthroplasty.

In terms of the total hip arthroplasty subgroup, there
were significantly fewer total VTE and all-cause mortality
(5,491 patients, RR 0.49, 95% CI 0.25-0.98), deep-vein

0.1 02 05 1 2 5 10
Favours rivaroxaban Favours enoxaparin

thrombosis (5,491 patients, RR 0.46, 95% CI 0.22-0.99),
and symptomatic VTE (6,921 patients, RR 0.38, 95% CI
0.19-0.75) cases but a similar number of major VTE (5,892
patients, RR 0.33, 95% CI 0.10-1.07) cases in the
rivaroxaban groups compared to the enoxaparin groups
(Figs. 2 and 3). In the total knee arthroplasty subgroup,
there were significantly fewer total VTE and all-cause
mortality (3,753 patients, RR 0.66, 95% CI 0.48-0.91) and
all secondary efficacy outcomes (deep-vein thrombosis,
3,753 patients, RR 0.65, 95% CI 0.50-0.85; major VTE,
4,194 patients, RR 0.53, 95% CI 0.33-0.86; symptomatic
VTE, 5,579 patients, RR 0.55, 95% CI 0.35-0.88) in
rivaroxaban group compared to enoxaparin group (Figs. 2
and 3). The separate analyses of the total hip and knee
arthroplasty subgroups produced findings similar to those
of the overall meta-analysis.

Safety outcomes

All eight RCTs provided the relevant safety outcomes.
There were no significant differences in the incidence of
bleeding events between the rivaroxaban groups and
enoxaparin groups (major bleeding events, 13,384
patients, RR 1.65, 95% CI 0.93-2.93; clinically relevant
non-major bleeding events, 13,384 patients, RR 1.21,
95% CI 0.98-1.50; minor bleeding events, 1,001
patients, RR 1.15, 95% CI 0.63-2.08), while numerically
higher bleeding events occurred in rivaroxaban groups
(Fig. 4). We have performed a pooled analysis of bleeding
in order to completely exclude the significance of this
difference between rivaroxaban and LMW heparins. Our
analysis of total bleeding events also revealed that there
were no significant differences in the incidence of
bleeding events between the rivaroxaban groups and
enoxaparin groups (13,384 patients, RR 1.10, 95% CI
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Fig. 3 Meta-analyses of the
incidence of the secondary effi-
cacy outcome comparing rivar-
oxaban with enoxaparin for
thromboprophylaxis after total
hip or knee arthroplasty. a Major
VTE, b deep-vein thrombosis, ¢
symptomatic VTE

0.97-1.24; Fig. 4c). The results of the total hip or knee
arthroplasty subgroup analysis of the primary and
secondary safety outcomes suggest the same findings as
with the overall meta-analysis (Fig. 4). The safety
analysis revealed that the benefits of rivaroxaban for
thromboprophylaxis were not obtained at the expense of a

@ Springer
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significant increased risk of bleeding, although numeri-
cally higher bleeding events did occur in the rivaroxaban
groups. Rivaroxaban and enoxaparin were also associated
with an overall similar number of drug-related adverse
events (12,383 patients, RR 1.00, 95% CI 0.92-1.09;
Fig. 5).



Eur J Clin Pharmacol (2010) 66:1099-1108 1105
Fig. 4 Meta_ana]yses of inci- rivaroxaban  enoxaparin Risk Ratio Risk Ratio
dence of bleeding events com- a Study or‘Subgroup Events Total Events Total Weight M-H, Rand 95% ClI M-H, Ra 95% CI
. . b d 1.Total hip arthroplasty
paring rivaroxaban an Eriksson(2006)[15] 3 128 3 157 131% 1.23[0.25, 5.97] =
enoxaparin for thromboprophy- Eriksson(2006)(16] 3 136 2 132 10.4% 1.46 [0.25, 8.57] N
laxis after total hip or knee Eriksson(2007)[14] 2 80 0 162 36%  10.06 [0.49, 207.14] 1T *
: . Eriksson(2008){11] 6 2209 2 2224 128%  3.02[0.61, 14.95] o BT
arthroplasty. a Major bleeding, b Kakkar(2008)[13] 1 1228 1 1220 43%  1.00[0.06, 15.98)
clinically relevant non-major Subtotal (35% Cl) 3781 3904 44.2% 1.93 [0.82, 4.57] -
bleeding, ¢ total bleeding events Total events 15 8
Heterogeneity: Tau? = 0.00; Chiz = 2.10, df = 4 (P= 0.72); 1= 0%
Test for overall effect: Z = 1.50 (F=0.13)
2.Total knee arthroplasty
Lassen(2008)[12] 7 1220 6 1238 27.7% 1.18 [0.40, 3.52] -
Turple(2005)[17) 0 102 2 104 3.6% 020[0.01,420) — |
Turple(2009){10) 10 1526 4 1508 24.5% 2.47 [0.78, 7.86) ) Pl
Subtotal (95% CI) 2848 2851  55.8% 1.40 [0.56, 3.52] -
Total events 17 12
Heterogeneity: Tau? = 0.16; Chi? = 2.57, df = 2 (P= 0.28); /7= 22%
Test for overall effect: Z=0.72 (P=0.47)
Total (95% CI) 6629 6755  100.0% 1.65 [0.93, 2.93] >
Total events 32 20
Heterogeneity: Tau® = 0.00; Chi* = 4.86, df = 7 (P= 0.68); /"= 0% '0_005 0:1 1'0 200'

Sensitivity analysis

The sensitivity analysis limited to double-blind RCTs did
not change the efficacy and safety findings for the review
overall. Removal of each individual study or those studies

Test for overall effect: Z=1.72 ( P= 0.08)

Favours rivaroxaban Favours enoxaparin

1.Total hip arthroplasty

Eriksson(2006)[15] 2 128 5 157
Eriksson(2006)[16] 8 136 0 132
Eriksson(2007)[14] 1 80 3 162
Eriksson(2008)[11] 65 2209 54 2224
Kakkar{2008)[13] 40 1228 33 1229
Subtotal (95% CI) a1 3904

Total events 116 95

1.7%
0.6%
0.9%
35.2%
21.7%
60.0%

Heterogeneity: Tau® = 0.03; Chi* = 4.77, df = 4 (P= 0.31); /*= 16%

Test for overall effect: Z = 0.99 (F=0.32)
2.Total knee arthroplasty

Lassen(2008)[12] 33 1220 28 1239
Turple(2005)(17] 3 102 3 104
Turple(2009)[10] 39 1526 30 1508
Subtotal (95% ClI) 2848 2851
Total events 75 61

18.0%

1.8%
20.2%
40.0%

Heterogeneity: Tau® = 0.00; Chi* = 0.10, df = 2 (P= 0.95); I#= 0%

Test for overall effect: Z = 1.22 (P=0.22)

Total (95% CI) 6629
Total events 191 156

6755

100.0%

Heterogeneity: Tau® = 0.00; Chi* = 4.85, df =7 (P=0.68); /"= 0%

Test for overall effect: Z = 1.79 (P=0.07)

0.49 [0.10, 2.49]
16.50 [0.96, 283.09]
0.68 [0.07, 6.39]
1.21[0.85, 1.73]
1.21[0.77, 1.91]
1.19 [0.84, 1.70]

1.20 [0.73, 1.97]
1.02[0.21, 4.93]
1.28 [0.80, 2.06]
1.23 [0.88, 1.72]

1.21 [0.98, 1.50]
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1.Total hip arthroplasty

Eriksson(2006){15] 10 128 14 157
Eriksson(2006){16] 17 136 8 132
Eriksson(2007)(14] 7 80 11 162
Eriksson(2008){11] 133 2209 13 2224
Kakkar(2008)[13] 81 1228 68 1229
Subtotal (95% CI) 3781 3904
Total events 248 232

2.6%
2.4%
1.8%
28.5%
16.0%
51.4%

Heterogeneity: Tau? = 0.00; Chi? = 3.41, df = 4 (P= 0.49); /= 0%

Test for overall effect: Z = 1.16 (P= 0.24)
2.Total knee arthroplasty

Lassen(2008)[12] 60 1220 60 1239
Turple(2005)(17) 9 102 8 104
Turple(2009){10] 160 1526 142 1508
Subtotal (95% CI) 2848 2851
Total events 229 210

12.8%

1.9%
33.9%
48.6%

Heterogeneity: Tau® = 0.00; Chi* = 0.21, df = 2 (P= 0.90); ¥ = 0%

Test for overall effect: Z = 0.92 (P= 0.36)

Total (95% CI) 6629
Total events 477 442

6755

100.0%

Heterogeneity: Tau® = 0.00; Chi* = 3.64, df =7 (P=0.82); F=0%

Test for overall effect: £ = 1.48 (F=0.14)

0.88 [0.40, 1.91]
2.06[0.92, 4.62]
1.29 [0.52, 3.20]
1.02 [0.81, 1.29]
1.19[0.87, 1.63]
1.11[0.93, 1.32]

1.02[0.72, 1.44)
1.15 [0.46, 2.86)
1.11[0.90, 1.38)
1.09 [0.91, 1.30]

1.10 [0.97, 1.24]
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T

of lower quality also did not significantly affect our primary
outcome. The sensitivity analysis of the alternative inclu-

sion of other rivaroxaban dosage groups in the dose-
ranging studies again did not significantly change the
overall efficacy and safety findings of the study. The results
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Fig. 5 Meta_analyses of inci- rivaroxaban enoxaparin Risk Ratio Risk Ratio
dence of drug-related adverse Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
events comparing rivaroxaban Eriksson(2008)[11] 270 2209 265 2224  26.1% 1.03 [0.88, 1.20] —
. Kakkar(2008)[13] 146 1220 161 1239 15.0% 0.92 [0.75, 1.14] 1
and enoxaparin for thrombopro- Lassen(2008)(12] 245 1228 249 1220  26.5% 0.98 [0.84, 1.15] —
phylaxis after total hip or knee Turple(2009)[10] 310 1526 295 1508  32.4% 1.04 [0.90, 1.20]
arthroplasty
Total (95% CI) 6183 6200  100.0% 1.00 [0.92, 1.09]
Total events 971 970
Heterogeneity: Tau? = 0.00; Chi* = 0.99, df = 3 (P= 0.80); /= 0% ’0_5 0} ; 1f5 2‘

Test for overall effect: Z = 0.06 (P=0.95)

of the analysis that only included those trials using 40 mg
of enoxaparin once daily were similar to those of the
overall meta-analysis in terms of efficacy and safety.

Discussion

The use of oral anticoagulants may lead to more convenient
and safe antithrombotic therapies with increased patient
compliance compared to LMWHs and vitamin K antago-
nists. These oral agents have the potential to act as alternatives
to treatment with LMWHSs and vitamin K antagonists after
total hip or knee arthroplasty and in atrial fibrillation. The
major oral anticoagulants in current use are the newly
developed direct thrombin inhibitors (e.g., dabigatran) and
factor Xa inhibitors (e.g. rivaroxaban, apixaban).

A previous systematic review with a meta-analysis
suggested that dabigatran possesses an efficacy and safety
similar to those of the LMWH agent enoxaparin after total
hip or knee arthroplasty. Our study is a systematic review
with a meta-analysis that compared the efficacy and safety
of rivaroxaban, a newly developed oral direct factor Xa
inhibitor, with enoxaparin for thromboprophylaxis in
patients undergoing total hip and knee arthroplasty. The
overall finding of our meta-analysis suggests that thrombo-
prophylaxis with rivaroxaban (total daily dose of 10 mg)
was superior to that with the recommended dose of
enoxaparin (Figs. 2, 3).The safety outcome analysis
revealed that the benefit of rivaroxaban for thrombopro-
phylaxis was not associated with an increasing risk of both
bleeding (Fig. 4) and drug-related adverse events (Fig. 5).

The conclusion of this study is based on a pooled
analysis of both total hip and knee arthroplasty trials. To
avoid the influence of clinical heterogeneity, we performed
a subgroup meta-analysis on the total hip and knee
arthroplasty trials, respectively. The subgroup analysis also
demonstrated that rivaroxaban had superior effect and a
similar incidence of bleeding for thromboprophylaxis,
showing findings that were unchanged with those of the
overall review.

One widely recognized impediment to effective throm-
boprophylaxis in patients undergoing total hip or knee
arthroplasty is concern about the risk of bleeding [4]. In
this regard, our meta-analysis, based on currently available

@ Springer
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data, is reassuring in that even though it was found to be
superior to enoxaparin for thromboprophylaxis, rivaroxaban
was not associated with significant increases in bleeding
events (Fig. 4) and drug-related adverse events (Fig. 5).
However, well-designed head-to-head RCTs focusing on
the safety of rivaroxaban compared with enoxaparin are
warranted because of the numerically higher bleeding
events associated with the former, although our meta-
analysis indicated the difference between the rivaroxaban
and enoxaparin groups was not statistically significant. We
also stress that rivaroxaban should be contraindicated for
patients susceptible to hemorrhage.

Recent evidence-based guidelines issued by the American
College of Chest Physicians (ACCP) and the UK National
Institute for Health and Clinical Excellence (NICE) recom-
mend extended prophylaxis against VTE for patients
undergoing total hip or knee arthroplasty [1, 21]. The
patients are generally required to continue anticoagulants
after hospital discharge, but the present-day shortness of
stays in the hospital often result in fewer patients receiving
the duration of prophylaxis recommended by the guide-
lines [1, 21]. Similar to enoxaparin, rivaroxaban can be
administered in a fixed, unmonitored dose, but it also can
be given orally, which may lead to more convenient and
safe antithrombotic therapies with increased compliance.
Therefore, in addition to its superior efficacy with a
similar safety profile, the fixed, unmonitored, oral dose
also makes rivaroxaban an attractive alternative to enox-
aparin for thromboprophylaxis after total hip or knee
arthroplasty.

In contrast to an earlier pooling analysis of three RCTs
[22], in the study reported here, we examined eight RCTs
using a wider range of clinically relevant outcome
variables. The main strength of our meta-analysis is that it
focused on high-quality RCTs with large number of patients
(n=155,86). The efficacy and safety outcomes were defined
in a similar manner in both our meta-analysis and the
individual included trials. In the included treatment arms,
the same administration route and doses of rivaroxaban
(total daily dose of 10 mg were given orally, once or twice
daily) were compared with the enoxaparin dose and
regimen approved for use in Europe (40 mg once daily,
six RCTs) or in the USA (30 mg twice daily, two RCTs).
Deep-vein thrombosis in all of the included trials was
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assessed by means of systematic ascending, bilateral
venography with the use of the Rabinov and Paulin
technique [23, 24]. The similar treatment schedule and
evaluation criteria of the included trials provided greater
statistical confidence for our meta-analysis.

This meta-analysis is not without limitations. First,
despite obtaining analysis efficacy outcomes by pooling
results from all the available properly randomized trials
with large number patients, our meta-analysis lacked
statistical power to provide precise estimates of the
frequency and treatment effect for clinically important
outcomes such as pulmonary embolism. However, VTE
and pulmonary embolism represent clinical manifestations
of the same underlying disease process. Therefore, strate-
gies that are effective for the VTE, especially those
proximally located, are also likely to be effective for the
prevention of non-fatal and fatal pulmonary embolism.
Second, there was some heterogeneity between the RCTs
included in our meta-analysis, such as different prophylac-
tic duration, treatment schedule. Six of the RCTs included
in our meta-analysis used the enoxaparin 40 mg once daily
regimen, while two RCTs used the 30 mg twice daily
regimen. In the knee-arthroplasty subgroup, two RCTs used
the 30 mg twice daily regimen and one RCTs used the
40 mg once daily regimen. However, differences among
trials are inevitable since each individual trial comprises
different populations and uses different treatment protocols,
and there is always some heterogeneity, even within
individual trials [25, 26]. Heterogeneity did not preclude
the pooling of their results because individual patients are
directly compared only with other patients within the same
trial, and not across the trials. The validity of our approach
was also supported by the sensitivity analysis, which
obtained the similar efficacy and safety findings as the
overall analysis. Third, another point that should be
considered is that four RCTs excluded premenopausal
women, and all of the trials excluded adolescent and
pediatric patients. So the finding of this meta-analysis should
be interpreted with caution with regards to premenopausal
women, adolescents, and young children. Fourth, all of the
eight included trials, including the one unblinded study, were
supported by the pharmaceutical company who hold the
patent for rivaroxaban, which may generate bias in the
assessment of outcomes. Nevertheless, the sensitivity anal-
ysis performed in our meta-analysis obtained findings
similar to those of the primary analysis.

In conclusion, despite the limitations of our meta-
analysis, we suggest that rivaroxaban appears to be more
effective than enoxaparin for thromboprophylaxis after hip
and knee arthroplasty and that the benefits of rivaroxaban in
VTE prevention were not gained at the expense of an
increased risk of bleeding. Current evidence suggests that
rivaroxaban, an effective direct factor Xa inhibitor which is

given in a fixed, unmonitored oral dose, is an alternative to
enoxaparin for preventing VTE after hip and knee
arthroplasty. However, well-designed head-to-head RCTs
focusing on the bleeding risk of rivaroxaban compared with
enoxaparin are warranted.
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