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Introduction
Venous thromboembolic events (VTEs), such as deep venous 
thrombolysis and pulmonary embolism (PE), are potentially 
fatal complications of orthopedic surgery, whose incidence may 

reach 30% of the patients undergoing knee or hip replace-
ment.1 Furthermore, nonfatal events are frequent and are asso-
ciated with significant morbidity. The development and clinical 
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ABSTRACT

BACkgROUnd: Venous thromboembolism (VTE) is a potentially fatal complication of orthopedic surgery, and until recently, few antithrom-
botic compounds were available for postoperative thromboprophylaxis. The introduction of the non–vitamin K antagonists oral anticoagu-
lants (NOAC), including apixaban, has extended the therapeutic armamentarium in this field. Therefore, estimation of NOAC net clinical 
benefit in comparison with the established treatment is needed to inform clinical decision making.
OBjeCTiveS: Systematic review to assess the efficacy and safety of apixaban 2.5 mg twice a day versus low-molecular-weight heparins 
(LMWH) for thromboprophylaxis in patients undergoing knee or hip replacement.
dATA SOURCeS: MEDLINE, Embase, and CENTRAL were searched from inception to September 2016, other systematic reviews, refer-
ence lists, and experts were consulted.
STUdy eligiBiliTy CRiTeRiA, PARTiCiPAnTS, And inTeRvenTiOn: All major orthopedic surgery randomized controlled trials com-
paring apixaban 2.5 mg twice daily with LMWH, reporting thrombotic and bleeding events.
dATA exTRACTiOn: Two independent reviewers, using a predetermined form.
STUdy APPRAiSAl And SynTheSiS MeThOdS: The Cochrane tool to assess risk bias was used by two independent authors. RevMan 
software was used to estimate pooled risk ratio (RR) and 95% confidence intervals (95% CI) using random-effects meta-analysis. Trial 
sequential analysis (TSA) was performed in statistical significant results to evaluate whether cumulative sample size was powered for the 
obtained effect. Overall confidence in cumulative evidence was assessed using the Grading of Recommendations Assessment, Develop-
ment, and Evaluation (GRADE) Working Group methodology.
ReSUlTS: Four studies comparing apixaban 2.5 mg twice daily with LMWH were included, with a total of 11.828 patients (55% undergoing 
knee and 45% hip replacement). The overall risk of bias across studies was low. In comparison with LMWH (all regimens), apixaban showed 
a significantly lower risk of VTE events and overall mortality combined (RR: 0.63, 95% CI: 0.42-0.95, I2 = 84%, n = 8346), but not of major 
VTE events (RR: 0.62, 95% CI: 0.32-1.19, I2 = 63%, n = 9493), or of symptomatic VTE events and VTE-related mortality combined (RR: 1.14, 
95% CI: 0.68-1.90, I2 = 0%, n = 11 879). Trial sequential analysis showed that the risk reduction obtained for VTE and mortality was based 
on underpowered cumulative sample size and effect dimension. Subgroup analysis according to LMWH regimens showed that apixaban 
reduced the risk of VTE events and overall mortality, and major VTE events, when compared with LMWH once daily, without differences 
between apixaban and LMWH twice daily.
COnClUSiOnS: There is low to moderate evidence that in patients undergoing knee or hip replacement, apixaban seems equally effective 
and safe to LMWH twice a day. When compared with LMWH once a day, apixaban seems a superior thromboprophylaxis option. However, 
the results are underpowered which precludes definite answers regarding the true net clinical benefit of apixaban versus LMWH in this clini-
cal context.
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launch of new oral anticoagulants also called non–vitamin K 
antagonist oral anticoagulants (NOACs) has increased the lim-
ited arsenal of antithrombotic therapeutic options available for 
postsurgical thromboprophylaxis for patients undergoing 
orthopedic surgeries.2

Non–vitamin K antagonist oral anticoagulants selectively 
inhibit thrombin or factor Xa, and their oral regimen and 
absence of regular hemostatic parameters evaluation represent 
a significant advancement of antithrombotic treatment com-
pared with parenteral anticoagulants such as low-molecular-
weight heparin (LMWH) and vitamin K antagonists. As 
occurs with any patient treated with anticoagulants, the main 
objective is to offer the treatment that provides the best net 
clinical benefit outcome, that is, which concedes the best bal-
ance between thromboembolism prevention and with minimal 
bleeding risk.3

The aim of this work was to assess the efficacy and safety of 
apixaban (a Xa inhibitor) at 2.5 mg twice a day (the European 
Medicines Agency and Food and Drug Administration–
approved dosage in VTE prevention in orthopedic patients) in 
comparison with LMWH for thromboprophylaxis in patients 
undergoing knee or hip replacement to help informing the 
process of clinical decision making.

Methods
Protocol and registration

This systematic review was reported in line with Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) guidelines.4 Reporting of statistical data followed 
Statistical Analyses and Methods in the Published Literature 
(SAMPL) guidelines.5

Eligibility criteria

We adopted a methodology similar to previously published 
articles.6–8 All phase 3 randomized controlled trials (RCTs) 
comparing apixaban against LMWH in patients submitted to 
major orthopedic surgery were included. All published RCTs 
were considered for inclusion irrespective of background ther-
apy, treatment duration, or follow-up. Only trials reporting 
thrombotic events and/or fatal and nonfatal bleeding events 
were included. Our outcomes of interest were as follows: risk of 
VTE and all-cause mortality (primary efficacy outcome), 
major VTE, symptomatic VTE and VTE-related mortality, 
major bleeding (primary safety outcome), and surgery site 
bleeding. We used the International Society of Thrombosis 
and Haemostasis definition for major bleeding.9

Information sources and search method

Records of potentially eligible studies were identified through 
an electronic search of bibliographic databases from inception 
to September 2016 (MEDLINE, Embase, and CENTRAL at 

Cochrane Library). Search strategy details are provided in 
Supplementary Data 1. No language restrictions were applied. 
We screened, cross-checked, and identified systematic reviews 
and meta-analyses evaluating NOACs, as well as reference lists 
of reports of potential eligible studies.

Study selection, data collection process, and data 
items

Titles and abstract of records obtained from the search process 
were screened by 2 investigators (D.C. and F.B.R.). Doubts 
and disagreements were solved by consensus. Whenever needed 
a third element was consulted ( J.C.). Selected studies were 
assessed in full text to determine its appropriateness for inclu-
sion. Data from included studies were independently extracted 
by 2 authors (D.C. and F.B.R.) to a prepiloted electronic form. 
Retrieved data items were as follows: study design, year of pub-
lication, patients’ characteristics, interventions tested, studies’ 
outcomes, and data of required outcomes. Data were double-
checked for software entry before analyses by an additional 
author ( J.C.).

Risk of bias in individual studies

We used the Cochrane tool for assessing risk of bias of 
included studies.10 The 6 predefined specific domains of anal-
ysis were as follows: random sequence generation, allocation 
concealment, blinding of participants and personnel, blinding 
of outcome assessment, incomplete outcome data, and selec-
tive reporting. For-profit bias domain was added. Two inde-
pendent review authors (D.C. and F.B.R.) performed critical 
assessments for each domain of the risk of bias tool. Any disa-
greement was solved by discussion between the 2 reviewers 
and, if necessary, reached consensus with the participation of 
a third reviewer ( J.C.). The risk of bias was qualitatively eval-
uated as high, unclear, or low risk. Risk of bias graphs were 
derived from these tools.

Summary measures

All outcomes data were summarized as dichotomous data. The 
effect measurement estimate chosen was risk ratio (RR) 
because relative estimates are more similar across studies with 
different designs, populations, and lengths of follow-up than 
absolute effects.11

Synthesis results

We used RevMan 5.3.3 software (The Nordic Cochrane 
Centre, The Cochrane Collaboration, 2014) for statistical 
analysis and to derive forest plot showing the results of indi-
vidual studies and pooled analysis. We compared apixaban 2.5 
mg twice a day with LMWH, through random-effects meta-
analysis weighted by the Mantel-Haenszel method to estimate 
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pooled RR and 95% confidence intervals (95% CI). 
Heterogeneity measured as the percentage of total variation 
between studies due to heterogeneity was assessed through the 
I2 test.12 We used random-effects model independently of the 
existence (I2 ⩾ 50%) or not of substantial heterogeneity 
between studies’ results because we pooled results of studies 
with different designs and patients’ characteristics. When sig-
nificant differences were found, we also determined the num-
ber needed to treat (NNT) and 95% CI taking into account the 
baseline risk (proportion of event rate in control group).10 
Prespecified sensitivity (by excluding studies at a higher risk of 
bias) and/or subgroup (by considering different regimens of 
LMWH) analyses were performed to explain and explore the 
outcome estimates potentially associated with statistical and/or 
clinical heterogeneity.

Trial sequential analyses (TSAs) were performed for pri-
mary outcomes using TSA version 0.9 beta (Copenhagen Trial 
Unit, Centre for Clinical Intervention Research, Copenhagen, 
Denmark, 2011) to explore whether cumulative data were ade-
quately powered to evaluate outcomes.13,14 The required infor-
mation size and the O’Brien-Fleming adjacent trial sequential 
alpha spending monitoring boundaries were calculated based 
on a 2-sided 5% risk of a type I error, 20% risk of a type II error 
(power of 80%), risk reduction based on pooled analysis, the 
weighted incidence of events in the control group, and hetero-
geneity. Power of the primary outcomes findings was inter-
preted if significance was reached with either a minimum 
sample size or crossing trial sequential alpha spending moni-
toring boundary.

Assessment of confidence in cumulative evidence

As recommended by the Grading of Recommendations 
Assessment, Development, and Evaluation (GRADE) 
Working Group methodology,15,16 2 reviewers independently 
assessed all the critical outcomes in the following domains: 
risk of bias, inconsistency, indirectness, imprecision, and  
publication bias. In case of disagreement, the authors reached 
consensus, consulting an independent third review, if  
necessary. For this purpose, we used the GRADEprofiler 
(GRADEpro) software tool, which was then extracted into 
the form of a summary of findings table for inclusion into the 
review manuscript. We applied the standard definitions of the 
quality of evidence17 and explicit criteria to ensure the consist-
ency and reproducibility of GRADE judgments for each 
domain and for all key comparisons of the critical outcomes 
(Supplementary Data 2).

Results
Study selection

Overall, 1161 references were retrieved from the electronic 
search (425 MEDLINE, 492 Embase, and 244 CENTRAL). 

After manual and automatic deduplication, 743 titles  
and abstracts were screened for full-text review (Figure 1). 
Four studies with overall 11 828 patients undergoing knee 
(55%; 6496 patients) or hip replacement (45%; 5332 patients), 
treated with apixaban 2.5 mg twice daily or LMWH  
(2 studies with enoxaparin 40 mg once daily, and 2 studies 
with enoxaparin 30 mg twice daily), were selected to be 
included.18–21 Their main features are briefly characterized in 
Table 1.

Risk of bias within studies

The overall risk of bias across studies was low (Figure 2). No 
study had high or low risk of bias for every evaluated domain. 
One study (APROPOS18) did not report the methods of ran-
domization. All studies used a centralized method for patient 
allocation. The blinding of participants, study personnel, and 
outcome assessors was of low risk of bias across RCTs. In a 
single study (APROPOS), it was not possible to evaluate the 
influence of the imbalances present on some of treatment arm 
in the study results. All studies were of high risk of for-profit 
bias because the studies were funded and sponsored by the 

Figure 1. Preferred Reporting Items for Systematic Reviews and 

Meta-Analyses (PRISMA) flowchart of studies selection.
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companies who owned apixaban’s patent, but one (APROPOS), 
where study funding was not declared.

Synthesis of results

Apixaban 2.5 mg showed a 37% significant risk reduction 
(RR: 0.63, 95% CI: 0.42-0.95) of the composite outcome of 

all VTE events or mortality (Figure 3) in comparison with 
LMWH. According to this estimate, the NNT with apixaban 
would be 26 patients (95% CI: 16-190) for a weighted mean 
period of 73 days.

However, the statistical heterogeneity was very high  
(I2 = 84%) which can be partially attributed to the different 
regimens of LMWH (enoxaparin) in the control arms. In 
subgroup analysis, apixaban significantly reduced VTE 
events or mortality compared with once-daily LMWH  
regimens (RR: 0.50, 95% CI: 0.41-0.61; I2 = 68%), but no 
significant difference was found when comparing with 
twice-daily LMWH regimens (RR: 0.96, 95% CI: 0.73-1.25, 
I2 = 33%) (Table 2).

Regarding TSA analysis, RR reduction (RRR) of 37%  
was assumed based on the RR of 0.63 found in the meta-
analysis for VTE and all-cause mortality. The cumulative  
evidence reached 59% of minimum information size required 
(14 138 patients) adjusted for the obtained RRR and hetero-
geneity (Figure 4). As statistical significance was obtained 
before the information size has been reached, it was  
important to evaluate whether an adjustment of significance 
boundaries (O’Brien-Fleming boundaries) to the sample size 
still results in statistical significant estimates. The TSA graph 
shows that cumulative estimates were not robust enough  
to determine the premature statistically significant results  
(ie, the blue line did not cross the dotted orange line in  
Figure 4).

Considering the risk of major VTE, there were no differ-
ences between apixaban and LMWH (RR: 0.62, 95% CI: 
0.32-1.19) (Figure 3). Similar to the results found for the pri-
mary efficacy outcome, substantial statistical heterogeneity was 
also noticed (I2 = 63%). Subgroup analysis according to 
LMWH regimens showed a significant risk reduction in major 
VTE of apixaban compared with once-daily LMWH (RR: 
0.45, 95% CI: 0.27-0.74; I2 = 0%), but no significant differ-
ences when compared with twice-daily LMWH (RR: 0.91, 
95% CI: 0.30-2.83; I2 = 48%).

Table 1. Main characteristics of included studies comparing apixaban 2.5 mg twice daily versus LMWH.

TRIALS PATIENTS ORTHOPEDIC 
CONDITION

MEAN 
AgE

LMWH (ENOXAPARIN) PRIMARy 
OUTCOME

MEAN FOLLOW-
UP, D

APROPOS18 303a Elective knee 
replacement

67 30 mg bid Major bleeding 42

ADVANCE-119 3195 Elective knee 
replacement

66 30 mg bid VTE events and 
all-cause mortality

72

ADVANCE-220 3057 Elective knee 
replacement

67 40 mg od VTE events and 
all-cause mortality

72

ADVANCE-321 5407 Elective hip 
replacement

61 40 mg od (extended 
prophylaxis 
regimen—35 d)

VTE events and 
all-cause mortality

95

Abbreviations: bid, twice daily; LMWH, low-molecular-weight heparin; od, once daily; VTE, venous thromboembolism.
aFor the pretended comparison.

Figure 2. Risk of bias graph.
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The overall risk of symptomatic VTE and VTE-related 
death, major bleeding, and surgery site bleeding was not differ-
ent between apixaban and LMWH (considering all regimens) 
(Figures 3 and 5).

The sensitivity analyses excluded the APROPOS study 
which was the only phase 2 trial and the only study with an 
unclear risk of bias in 3 of the 7 items analyzed. Such sensitiv-
ity analyses did not result in any statistically significant results, 
and statistical heterogeneity did not change substantially for all 
outcomes’ estimates (Table 3).

Table 4 details the GRADE approach for the quality of the 
available evidence which was considered to be low to moderate.

Discussion
The main findings of this review were as follows: (1) there is 
low to moderate quality evidence comparing apixaban with 
LMWH; (2) apixaban 2.5 twice daily decreases the risk of 

VTE or all-cause mortality, and major VTE, mostly due to the 
results of trials comparing apixaban with once-daily 30 mg 
enoxaparin; (3) this risk reduction is, however, underpowered 
according to the TSA analysis; (4) the risk of symptomatic 
VTE and VTE-related death with apixaban was similar to 
LMWH; (5) there were no significant differences between 
both interventions concerning major bleeding and surgery site 
bleeding events.

The interpretation of current data is not as optimistic as 
reported in a previous systematic review.22 Despite the overall 
statistical significant reduction in the risk of VTE and all-
cause mortality, it seems reasonable to assume that this differ-
ence was mainly driven by the risk of major VTE, particularly 
in comparison with the “European” once-daily regimen of 
enoxaparin, which may be an important gain in the care  
of these patients. It is important to state that the significance 
of such outcome and risk reduction estimates are 

Figure 3. Forest plot for efficacy outcomes.

Table 2. Subgroup analysis per different regimens of LMWH in the control arms.

OUTCOME RR (95% CI) FOR APIXABAN 
VS LMWH 40 Mg OD; I2 (%)

RR (95% CI) FOR APIXABAN 
VS LMWH 30 Mg BID; I2 (%)

P VALUE FOR RR 
INTERACTION

All VTE or all-cause mortality 0.50 (0.41–0.61); I2 = 68 0.96 (0.73–1.25); I2 = 33 <.001

Major VTE 0.45 (0.27–0.74); I2 = 0 0.91 (0.30–2.83); I2 = 48 .26

Symptomatic VTE or VTE-related death 0.92 (0.40–2.08); I2 = 0 1.31 (0.68–2.51); I2 = 0 .50

Major bleeding 0.94 (0.51, 1.73); I2 = 30 0.50 (0.24–1.02); I2 = N/A .18

Surgery site bleeding 0.96 (0.56–1.65); I2 = 3 0.57 (0.24–1.35); I2 = N/A .31

Abbreviations: bid, twice daily; CI, confidence interval; LMWH: low-molecular-weight heparin; N/A, not applicable; od, once daily; RR: risk ratio; VTE: venous 
thromboembolism.
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underpowered and further investigation would be required to 
definitely establish the true effect size of apixaban benefit.

Gómez-Outes et  al23 in their systematic review suggested 
that the potential benefits in bleeding risk (clinically relevant 

Figure 4. Trial sequential analysis for all venous thromboembolism events and all-cause mortality. RR indicates risk ratio.

Figure 5. Forest plot for safety/bleeding outcomes. CI indicates confidence interval; LMWH, low-molecular-weight heparin.

Table 3. Results of the sensitivity analyses that excluded the APROPOS study.

EXCLUDINg APROPOS OUTCOMES RR (95% CI) FOR APIXABAN VS LMWH I2 (%)

All VTE or all-cause mortality 0.63 (0.39–1.01) I2 = 89

Major VTE 0.66 (0.31–1.39) I2 = 74

Symptomatic VTE or VTE-related death 1.20 (0.70–2.04) I2 = 0

Major bleeding 0.76 (0.43, 1.33) I2 = 45

Surgery site bleeding 0.83 (0.53–1.31) I2 = 0

Abbreviations: CI, confidence interval; LMWH, low-molecular weight heparin; RR, risk ratio; VTE, venous thromboembolism.
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bleeding) and potential prothrombotic effects (particularly PE) 
could be the result from delaying the administration of apixaban 
first postoperative dose for 18 hours. Our data show that major 
bleeding and surgical site bleeding risks are similar between 
apixaban and enoxaparin regimens, and that major VTE was not 
increased with apixaban, despite the trend toward a protective 
effect. Furthermore, as occurs with all NOACs, there is a signifi-
cant decrease in intracranial hemorrhage, and the pharmacoki-
netic and pharmacodynamic profiles of these drugs,7 including 
apixaban, disclose a predictable anticoagulant effect, thereby dis-
missing regular evaluations of hemostatic parameters.

Overall, apixaban 2.5 mg twice daily seems to be a valuable 
option for the thromboprophylaxis of patients undergoing 
elective knee or hip replacement.

There are still some unanswered questions, such as the 
existence or not of net clinical benefits of apixaban compared 
with LMWH twice daily (besides the intracranial hemorrhage 
risk reduction7), and the optimal timing for apixaban adminis-
tration after surgery, as well as the optimal treatment duration 
for each condition (knee or hip replacement). It is still unknown 
whether using an ultraspecific factor Xa/thrombin tests for 
LMWH monitoring (4 hours after the administration) could 
improve the outcomes in the control arm, as suggested for 
some subgroups of patients with venous thromboembolism.

The results of this review should be interpreted in line 
with the limitations inherent to systematic reviews and 

meta-analysis. The heterogeneity in the anticoagulation 
duration and in controls somehow impairs the robustness of 
the presented data. The comparators were also different as 
low-dose enoxaparin (30 mg) was given twice daily in 1 trial, 
whereas the remaining trials engaged for a once-daily 40 mg 
of enoxaparin for thromboprophylaxis. The follow-up was 
different according to the conditions (trials ended earlier in 
the knee replacement studies) as well as the measurement of 
outcomes that required examinations such as venography.

These limitations may at least partially explain to some 
extent the high statistical heterogeneity found in most efficacy 
outcomes. Even though we consider the results are reassuring 
for efficacy and safety.

Despite the available data and previous meta-analysis, none 
of them had analyzed the power of the significant results 
obtained in their meta-analysis. Therefore, the methods and 
conclusions derived from TSA are important for elucidating 
the robustness of the data regarding apixaban efficacy in 
patients undergoing major elective orthopedic surgeries such as 
knee or hip replacement.

Conclusions
Apixaban 2.5 mg twice daily is a valuable and practical option 
for thromboprophylaxis with bleeding risks similar to LMWH 
and an efficacy likely to be better than current enoxaparin 
regimens.

Table 4. gRADE summary of findings table—apixaban compared with LMWH for venous thromboembolism prophylaxis after major orthopedic 
surgery.

OUTCOME
NO. OF PARTICIPANTS 
(STUDIES)

RELATIVE EFFECT 
(95% CI)

ANTICIPATED ABSOLUTE EFFECTS (95% CI)* QUALITy

WITHOUT APIXABAN WITH APIXABAN DIFFERENCE

All VTE and all-cause death
No. of participants: 8346
(4 RCTs)

RR: 0.63 (0.42–0.95) 10.5% 6.6% (4.4–9.9) 3.9% fewer (6.1 
fewer-0.5 fewer)

⊕⊕
Lowa,b

Major VTE
No. of participants: 9493
(4 RCTs)

RR: 0.62 (0.32–1.19) 1.6% 1.0% (0.5–1.9) 0.6% fewer (1.1 
fewer-0.3 more)

⊕⊕
Lowa,b

Symptomatic VTE and 
death from VTE
No. of participants: 11 879
(4 RCTs)

RR: 1.14 (0.68–1.90) 0.5% 0.5% (0.3–0.9) 0.1% more (0.2 
fewer-0.4 more)

⊕⊕⊕
Moderateb

Major bleeding
No. of participants: 11 828
(4 RCTs)

RR: 0.76 (0.43–1.33) 0.9% 0.7% (0.4–1.2) 0.2% fewer (0.5 
fewer-0.3 more)

⊕⊕
Lowa,b

Surgery site bleeding
No. of participants: 11 828
(4 RCTs)

RR: 0.83 (0.53–1.31) 0.7% 0.6% (0.4–0.9) 0.1% fewer (0.3 
fewer-0.2 more)

⊕⊕⊕
Moderateb

Abbreviations: CI, confidence interval; RCTs, randomized controlled trials; RR, risk ratio; VTE, venous thromboembolism.
* The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and 
its 95% CI).

gRADE Working group grades of evidence: high quality, we are very confident that the true effect lies close to that of the estimate of the effect; moderate quality, we 
are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is substantially different; low 
quality, our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect; very low quality, we have very little 
confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.
aStatistical heterogeneity superior to 40%.
bMinimal information size not met.
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