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Anticoagulation

Venous thromboembolism (VTE) encompasses deep vein thrombosis (DVT) 
and pulmonary embolism (PE). Patients undergoing major surgery 
(especially major orthopaedic surgery) are prone to VTE, both symptomatic 
and asymptomatic, by activating all three components of Virchow’s triad 
(endothelial injury, stasis and hypercoagulability). The position of the limb 
during surgery, tourniquet use and prolonged post-operative immobilisation 
lead to venous stasis. Elevated pro-thrombotic factors, such as 
interleukin-6, C-reactive protein and tumour necrosis factor-α, induced by 
tissue injury, trigger tissue factor release and thrombin expression, platelet 
activation and initiate the coagulation cascade.1–3 Haemorrhage during 
surgery reduces antithrombin III levels and thus an imbalance between 
coagulation–fibrinolytic systems, exacerbating hypercoagulability.

There are several risk prediction scores for VTE after major surgery.4 The 
incidence of DVT in clinical medicine and general surgery is 10–40%, 
compared to 40–60% in major orthopaedic surgery. In 2008, the American 
College of Chest Physicians (ACCP) classified the risks of VTE in 
hospitalised patients into three categories: low, moderate and high risk. 
Orthopaedic patients who have undergone hip or knee arthroplasty or 
sustained hip fracture, major trauma or spinal cord injury are included in 
the high-risk category.5 Table 1 summarises the risks of DVT and PE after 
different types of surgery.

Early mobilisation, along with mechanical and pharmacological 
prophylaxis, effectively reduce the risk of post-operative VTE. Traditional 

post-operative anticoagulation regimens include two steps: initial 
treatment with a rapidly acting parenteral anticoagulant, usually low-
molecular-weight heparin (LMWH) 1 mg/kg/day, followed by an oral 
vitamin K antagonist (VKA), such as warfarin. The duration of warfarin 
treatment depends on the nature of the operation and the patient’s 
mobility status and prothrombotic risks. Hypercoagulability and impaired 
venous function can persist up to 6 weeks after surgery, indicating the 
necessity for extended post-operative thromboprophylaxis.6,7 However, 
LMWH and warfarin have some limitations, such as the need for daily 
injections, the risk of heparin-induced thrombocytopenia, regular dose 
monitoring, a narrow therapeutic window and various drug and food 
interactions. These limitations led to the development of direct oral 
anticoagulants (DOACs). With a rapid onset of action and predictable 
pharmacokinetic and pharmacodynamic profiles, DOACs can be 
prescribed in fixed doses without routine therapeutic monitoring, thus 
replacing parenteral anticoagulants and warfarin for VTE prophylaxis and 
treatment.8

Direct Oral Anticoagulants
Unlike warfarin, which inhibits various steps in the coagulation cascade 
(vitamin K-dependent clotting factors II, VII, IX and X), DOACs target 
specific steps. They can be categorised into two broad groups: direct 
thrombin inhibitors (dabigatran) and selective factor Xa (FXa) inhibitors 
(rivaroxaban, apixaban and edoxaban). These commonly used DOACs are 
approved for post-operative VTE thromboprophylaxis in light of their 
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favourable efficacy and safety profiles compared with LMWH and warfarin. 
In 2018, Ingrasciotta et al. studied the pharmacokinetics of DOACs and 
their clinical use.9 DOACs can be a better option than warfarin because of 
predictable pharmacokinetic properties, increased tolerability, fewer 
interactions and ease of use. However, because DOACs undergo hepatic 
metabolism and renal excretion, careful dose adjustment is required in 
people with hepatic or renal impairment. FXa inhibitors are contraindicated 
in those with creatinine clearance (CrCl) <15 ml/min, whereas dabigatran 
is contraindicated when CrCl is <30 ml/min. Table 2 compares the 
pharmacological properties of different DOACs.

General Recommendations for Venous 
Thromboembolism Prophylaxis
In 2015, a systematic review and meta-analysis by Ho et al. showed that 
VTE prophylaxis was associated with a reduced risk of PE (RR 0.45; 95% 
CI [0.28–0.72]; p=0.0008) or symptomatic VTE (RR 0.44; 95% CI [0.28–
0.71]; p=0.0006). This review recommended initiating pharmacological 
VTE prophylaxis as soon as possible after cardiac surgery for patients who 
have no active bleeding.10 Sarker et al. reported that combined treatment 
with rivaroxaban and heparin is of great clinical value in post- coronary 
artery bypass grafting (CABG) deep vein thrombosis (DVT) patients.11 A 
2-year (2015–2016) retrospective cohort analysis comparing LWMH and 
DOACs for thromboprophylaxis in operative spinal trauma patients 
showed that DOAC thromboprophylaxis was associated with less chance 
of DVT than LMWH (1.8 versus 7.4%, respectively) and PE (0.3 versus 2.1%, 
respectively).12 Analysis from the National Joint Registry for England 
Wales, Northern Ireland and Isle of Man compared DOACs to aspirin in 
218,650 total hip arthroplasty (THA) and total knee arthroplasty (TKA) 
patients, finding that DOACs were associated with a lower risk of VTE.13 

In 2011, the American Academy of Orthopaedic Surgeons recommended 
the use of pharmacological agents and/or mechanical compressive 
devices for the prevention of VTE in patients undergoing elective hip or 
knee arthroplasty (grade of recommendation: moderate).14 The ACCP’s 
2012 guidelines suggest the use of mechanical devices (intermittent 
pneumatic compression devices) plus pharmacological prophylaxis during 
hospitalisation in patients at high risk for VTE after major orthopaedic 
surgery.15 The guidelines recommend apixaban, dabigatran and 
rivaroxaban for a minimum of 10–14 days, and up to 35 days for VTE 
prophylaxis in patients undergoing THA or TKA (grade of recommendation: 
grade 1B, strong, moderate quality).15 The National Institute for Health and 

Care Excellence (NICE) 2019 guideline recommends apixaban, 
rivaroxaban, dabigatran for VTE prevention after THA or TKA.16 The 
American Society of Hematology (ASH) 2019 guideline suggests apixaban, 
rivaroxaban, dabigatran over LMWH for VTE prevention after THA or TKA 
(conditional recommendation based on moderate certainty in the 
evidence of effects).17 The Scottish Intercollegiate Guidelines Network 
(SIGN) 2014 recommends rivaroxaban or dabigatran, combined with 
mechanical prophylaxis unless contraindicated, in patients undergoing 
THA or TKA (grade A recommendation).18 Moreover, the 2019 European 
Society of Cardiology guidelines on PE recommend DOACs (apixaban, 
dabigatran, edoxaban or rivaroxaban) in preference to VKA 
(recommendation Class I, level of evidence A) for acute-phase treatment 
of intermediate or low-risk PE.19

Direct Thrombin Inhibitors
Dabigatran
Dabigatran etexilate is the pro-drug of dabigatran. Dabigatran selectively 
blocks the activity of thrombin and is mainly (90%) eliminated by kidneys, 
so dose adjustment should be considered those with renal insufficiency. 
The usual dosage of dabigatran is 220 mg once daily or 150 mg once daily 
if CrCl is 30–50 ml/min. It is contraindicated if CrCl <30 ml/min. Four 
Phase III trials (RE-NOVATE, RE-NOVATE II, RE-MODEL, RE-MOBILIZE) have 
compared the efficacy and safety of dabigatran with enoxaparin for VTE 
prophylaxis after THA or TKA.20–23 In all four trials, the primary efficacy 
outcome was total VTE events (symptomatic or venographic DVT and/or 
symptomatic pulmonary embolism) and all-cause mortality during 
treatment. The primary safety outcome was the occurrence of bleeding 
events (major, clinically relevant non-major bleeding and minor bleeding 
events).

In the randomised, double-blind, non-inferiority RE-NOVATE trial, a total of 
3,494 patients undergoing THA were randomised to 220 or 150 mg 
dabigatran once daily or enoxaparin 40 mg once daily for 28–35 days. The 
primary efficacy outcome (reducing the risk of a VTE) occurred in 6.0% of 
those receiving dabigatran 220 mg, 8.6% of those receiving dabigatran 
150  mg and 6.7% of those receiving enoxaparin. Major bleeding events 
were detected in 2.0%, 1.3% and 1.6%, respectively.20 In RE-NOVATE II (also 
a randomised, double-blind, non-inferiority trial), comprising 2,055 patients 
who underwent THA, extended (28–35 days) prophylaxis with dabigatran 
220 mg once daily was as effective as enoxaparin 40 mg once daily in 
reducing risk of total VTE and all-cause mortality (dabigatran 7.7% versus 
enoxaparin 8.8%; risk difference 1.1; 95% CI [−3.8, 1.6]) with p<0.0001 for 
non-inferiority, and similar safety profiles.21

The randomised, double-blind, non-inferiority RE-MODEL trial examined 
dabigatran 150 or 220 mg once daily versus enoxaparin 40 mg once daily 
for 6–10 days in 2,076 patients who underwent TKA. Dabigatran 220 mg 
or 150 mg had similar efficacy and safety profiles compared to enoxaparin 
for VTE prophylaxis after TKA. Total VTE and all-cause mortality occurred 
in 36.4% of those receiving dabigatran 220 mg, 40.5% of those receiving 
dabigatran 150 mg, and 37.7% of those receiving enoxaparin. Major 
bleeding occurred in 1.5%, 1.3% and 1.3%, respectively.22 The fourth Phase 
III trial, the RE-MOBILIZE trial, compared dabigatran 220 mg or 150 mg 
once daily versus enoxaparin 30 mg twice daily in 1,896 patients 
undergoing TKA for 12–15 days. Although dabigatran is effective when 
compared to once-daily enoxaparin, this trial demonstrated that 
dabigatran showed inferior efficacy to twice-daily enoxaparin.23

The pooled analysis of three of the trials (RE-NOVATE, RE-MODEL, RE-
MOBILIZE) did not show any difference in efficacy and safety profiles 

Table 1: Risk of Deep Vein Thrombosis; and Pulmonary 
Embolism After Different Types of Surgery

Authors Surgery Risk of VTE (DVT/PE)
Kahn and Shivakumar 4 Total hip arthroplasty DVT in 54%

Total knee arthroplasty DVT in 64%

Kim et al. 201367 Total hip arthroplasty DVT in 8.0–24.0%

Total knee arthroplasty DVT in 14.0–49.0%

Alvarado et al. 202068 Spine surgery VTE in 0.3–31%

Tian et al 2019.69 Thoracic surgery VTE in 8.4%

Ambrosetti et al. 200470 CABG surgery DVT in 17.4%

Reis et al. 199171 CABG surgery DVT in 44.8%

Josa et al 1993.72 CABG surgery PE in 3.2%

Beck et al 2018.73 CABG surgery PE in 6.2%

CABG = coronary artery bypass graft; DVT = deep vein thrombosis; PE = pulmonary embolism;  
VTE = venous thromboembolism.

https://pubmed.ncbi.nlm.nih.gov/?term=Beck+KS&cauthor_id=29064757
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between the dabigatran and enoxaparin groups.24 The BISTRO II trials 
showed that dabigatran was effective and safe across a range of doses 
(dabigatran 50 mg twice daily, 150 mg twice daily, 300 mg once daily and 
225 mg twice daily) compared to enoxaparin 40 mg once daily.25 In 2016, 
Rosencher et al. conducted an international, open-label, prospective, 
observational, single-arm study of dabigatran 220 mg once daily in over 
5,000 patients undergoing THA or TKA. The data supported the safety 
and efficacy findings of previous dabigatran Phase III trials.26 Moreover, in 
2015, Wurning et al. proved that switching from LMWH to dabigatran was 
safe and effective for VTE prophylaxis after THA or TKA.27

Based on these trials, dabigatran is recommended by ACCP, NICE, ASH 
and SIGN  for DVT prevention after THA (28–35 days) and TKA (10 days).15–18 
However, dabigatran has not been studied in hip fracture surgery.

Factor Xa Inhibitors
Rivaroxaban
Rivaroxaban is a Food and Drug Administration (FDA) approved oral direct 
factor Xa inhibitor for prevention of thromboembolism after THA and TKA 
that requires no routine laboratory monitoring. The safety and efficacy of 
rivaroxaban was studied in the RECORD study program, which is 
composed of four separate randomised, double-blind, Phase III clinical 
trials (RECORD 1, 2, 3 and 4).28–31 The primary efficacy endpoint in all 
RECORD trials was total VTE, symptomatic or asymptomatic DVT, non-fatal 
PE and all-cause mortality.

In the RECORD 1 and RECORD 2 trials, which included a total of 7,050 
patients undergoing THA, rivaroxaban 10 mg once daily was superior to 
enoxaparin 40 mg once daily for VTE prophylaxis with similar safety 
profiles.28,29 In the RECORD 3 trial, involving 2,531 patients who underwent 
TKA, a 10–14 day course of rivaroxaban 10 mg once daily significantly 
reduced the incidence of VTE compared to enoxaparin 40 mg once daily 
(rivaroxaban 9.6% versus enoxaparin 18.9%; p<0.001) without increasing 
bleeding events.30 The fourth RECORD trial, RECORD 4, compared a 10–14 
day course of rivaroxaban 10 mg once daily with enoxaparin 30 mg twice 
daily in 3,148 patients undergoing TKA. Rivaroxaban was significantly 

superior to twice-daily enoxaparin (rivaroxaban 6.9% versus enoxaparin 
10.1%; p=0.0118) for the prevention of VTE after TKA.31

A pooled analysis of the four RECORD trials proved that, compared with 
enoxaparin (either enoxaparin 40 mg once daily or enoxaparin 30 mg twice 
daily), rivaroxaban 10 mg once daily reduces the incidence of VTE and all-
cause mortality after elective THA or TKA (rivaroxaban 0.5% versus 
enoxaparin 1.0%; p=0.001), with a small increase in bleeding.32 In 2014, 
Levitan et al. conducted a post hoc analysis to assess the benefit–risk 
profile for rivaroxaban versus enoxaparin in the RECORD studies, which 
showed rivaroxaban resulted in greater benefits than harms compared with 
enoxaparin.33 The ODIXa-HIP and ODIXa-KNEE studies showed that 
rivaroxaban 2.5–10 mg twice daily has favourable efficacy and safety 
profiles compared to enoxaparin for prevention of VTE after THA or TKA.34,35

In 2014, Turpie et al. conducted the XAMOS, Phase IV, non-interventional, 
open-label cohort study to assess the safety and effectiveness of 
rivaroxaban compared with other pharmacological VTE prophylaxis 
(standard of care; SOC). The crude incidence of symptomatic VTE was 
0.89% in the rivaroxaban group versus 1.35% in the SOC group (OR 0.65; 
95% CI [0.49–0.87]). This study confirmed that rivaroxaban has a 
favourable benefit–risk profile compared to SOC after major orthopaedic 
surgery.36 Moreover, the Ortho-TEP registry showed that rivaroxaban was 
associated with fewer VTE and bleeding events than fondaparinux in 
patients undergoing major orthopaedic surgery.37 In 2020, Smith et al. 
evaluated that prolonged (35-day) prophylaxis with rivaroxaban is cost 
effective for VTE prophylaxis after TKA.38 Again, Sarker et al. reported that 
combined treatment with rivaroxaban and heparin is of great clinical value 
in post-CABG DVT patients.11

Based on these trials, rivaroxaban has been recommended by ACCP, 
NICE, ASH and SIGN for DVT prevention after THA and TKA.15–18 The 
recommended dosing is rivaroxaban 10 mg once daily with the first dose 
administered 6–10 hours post-surgery for 28–35 days (after THA) or 10–14 
days (after TKA). However, rivaroxaban has not been studied in hip 
fracture surgery.

Table 2: Comparison of the Pharmacological Properties of Direct Oral Anticoagulants

Characteristics Dabigatran Rivaroxaban Apixaban Edoxaban
Molecular weight 628 Da 436 Da 460 Da 536 Da

Target FIIa FXa FXa FXa

Pro-drug Dabigatran etexilate No No No

Approximate bioavailability 6% 100% 66% 50%

Metabolism Hepatic Hepatic Hepatic Hepatic

Approximate plasma protein binding 35% 90% 87% 50%

Approximate plasma half-life 12–17 h 5–13 h 8–15 h 9–11 h 

Renal excretion 90% 30% 25% 35%

Approximate time to peak effect 2 h 2–4 h 1–3 h 1–2 h

Dosing regime Twice daily Once daily Twice daily Once daily

Dose monitoring Not needed Not needed Not needed Not needed

Antidote Idarucizumab Andexanet alfa Andexanet alfa None

Time to haemostasis after stopping the drug 12 h 5–9 h 8–15 h 4–10 h

Reversal of action Yes Yes Yes No

VTE prophylaxis dose 150 or 220 mg once daily 10 mg once daily 2.5 mg twice daily 30 mg once daily

Interactions P-gp inhibitors CYP3A4/P-gp inhibitors CYP3A4/P-gp inhibitors CYP3A4/P-gp inhibitors

CYP = cytochrome P450; P-gp = P-glycoprotein; VTE = venous thromboembolism. Source: Werth et al. 2012,8 Ingrasciotta et al. 2018,9 and Yeh et al. 2015.74



Role of Newer Oral Anticoagulants for Post-operative Prophylaxis

EUROPEAN CARDIOLOGY REVIEW
www.ECRjournal.com

Apixaban
Apixaban is an oral direct FXa inhibitor, approved by the FDA for 
thromboembolism prophylaxis after THA and TKA. Apixaban does not 
require routine laboratory monitoring for its anticoagulant effect, but it is 
contraindicated in patients with severe renal impairment (CrCl <15 ml/
min). Apixaban was evaluated in the ADVANCE study programs (ADVANCE 
1, 2 and 3), which compared apixaban with enoxaparin. All trials were 
randomised, double-blind, double-dummy, non-inferiority, Phase III trials. 
In these trials, enoxaparin was started 12 hours pre-operatively and 
apixaban was started 12–24 hours after wound closure. The primary 
efficacy outcome was the incidence of symptomatic or asymptomatic DVT, 
non-fatal PE, or all-cause mortality during treatment. The primary safety 
outcome was the incidence of bleeding events (major or clinically relevant 
non-major bleeding).

In the ADVANCE 1 trial, a 10–14-day course of apixaban 2.5 mg twice daily 
was compared with enoxaparin 30 mg twice daily for VTE prophylaxis in 
3,195 patients undergoing TKA. The primary efficacy endpoint was reached 
in 9.0% of the apixaban group versus 8.8% of the enoxaparin group (RR 
1.02; 95% CI [0.78–1.32]; p=0.06 for non-inferiority). Bleeding risk was 
significantly lowered in apixaban-treated patients (2.9% versus 4.3% for 
apixaban versus enoxaparin respectively; p=0.03). Therefore, apixaban did 
not meet the prespecified statistical criteria for non-inferiority, despite the 
low bleeding risk.39 The ADVANCE-2 and ADVANCE-3 trials compared 
apixaban 2.5 mg twice daily with enoxaparin 40 mg once daily in patients 
undergoing TKA and THA, respectively. The prophylaxis was continued for 
10–14 days after TKA and 35 days after THA. The ADVANCE-2 trial showed 
incidence of VTE was significantly reduced in the apixaban (15%) versus the 
enoxaparin (24%) group (RR 0.62; 95% CI [0.51–0.74]; p<0.0001). Bleeding 
events occurred in 4% of the apixaban group and 5% of the enoxaparin 
group (p=0.09).40 In the ADVANCE-3 trial, the primary efficacy endpoint was 
reached in 1.4 versus 3.9% of the apixaban- and enoxaparin-treated 
patients, respectively (RR 0.36; 95% CI [0.22–0.54]; p<0.001 for both non-
inferiority and superiority). Major and clinically relevant non-major bleeding 
was not different between the two groups (apixaban 4.8% versus 
enoxaparin 5%).41

In 2012, Raskob et al. conducted a pooled analysis of the ADVANCE 2 and 
ADVANCE 3 trials that included 8,464 patients. VTE events were statistically 
lower in the apixaban (0.7%) group versus the enoxaparin (1.5%) group (risk 
difference, apixaban minus enoxaparin, −0.8%; 95% CI [−1.2, −0.3]; one-
sided p<0.0001 for non-inferiority; two-sided p=0.001 for superiority) 
without increasing bleeding risk (risk difference −0.6; 95% CI [−1.5, 0.3]). It 
was concluded that apixaban 2.5 mg twice daily is more effective than 
enoxaparin 40 mg once daily without increasing bleeding events.42 The 
APROPOS trial was a randomised, eight-arm, parallel group, multi-centre, 
Phase II trial, that compared different doses of apixaban (5, 10 or 20 mg 
once daily or 2.5, 5 or 10 mg twice daily) with enoxaparin or warfarin titrated 
to an international normalized ratio 1.8–3.0 in patients undergoing TKA. 
Apixaban 2.5 mg twice daily or 5 mg once daily has a favourable benefit–
risk profile compared with SOC (enoxaparin or warfarin).43 A meta-analysis 
and trial-sequential analysis of four trials (APROPOS, ADVANCE 1, 2 and 3) 
concluded that apixaban 2.5 mg twice daily seems equally effective and 
safe to LMWH twice daily, and superior to with LMWH once daily.44 In 2019, 
a study by Torrejon Torres et al. revealed that apixaban or intermittent 
pneumatic compression, or a combination of the two, is the most cost-
effective for VTE prophylaxis after lower limb arthroplasty.45

Based on these trials, apixaban is recommended by the  ACCP, NICE and 
ASH for DVT prevention after THA and TKA.15–17 Currently, apixaban is 

approved in the EU for the prevention of VTE in patients undergoing major 
orthopaedic surgery at a dose of 2.5 mg twice daily commencing 12–24 
hours after surgery for 10–14 days (knee replacement surgery) and 32–38 
days (hip replacement surgery). However, apixaban has not been studied 
in hip fracture surgery. Therefore, apixaban is not currently recommended 
for hip fracture surgery.

Edoxaban
Edoxaban is an oral, direct, FXa inhibitor. It does not require routine 
monitoring of therapeutic effect but it is contraindicated in severe renal 
impairment (CrCl 15–30 ml/min). Three Phase II dose-ranging studies 
showed that compared to placebo, enoxaparin or dalteparin, edoxaban 
has a statistically significant (p<0.001) dose-dependent reduction in VTE 
events in patients undergoing major orthopaedic surgery with a similar 
bleeding risk.46–48

The STARS program (STARS-E3, STARS-J4 and STARS-J5) compared the 
efficacy and safety of edoxaban 30 mg once daily with enoxaparin 20 mg 
twice daily in patients undergoing major orthopaedic surgery. The 
prophylaxis was given for 11–14 days following surgery. The primary 
efficacy endpoint was the incidence of VTE. Safety endpoints were the 
incidence of bleeding events, major, or clinically relevant non-major 
bleeding. In the STARS-E3 trial, a randomised, double-blind, non-
inferiority, Phase III trial, 716 patients undergoing TKA were randomised to 
either edoxaban or enoxaparin. VTE occurred in 7.4% of those receiving 
edoxaban versus 13.9% for enoxaparin; relative risk reduction 46.8%; 
p<0.001 for non-inferiority and p=0.010 for superiority.49 The STARS-J4 
trial was a multi-centre, randomised, open-label, active-comparator, 
Phase III trial that studied 92 patients undergoing hip fracture surgery. 
The incidence of thrombotic events was 6.5% in the edoxaban group and 
3.7% in the enoxaparin group. Major and clinically non-relevant minor 
bleeding occurred in 3.4% of the edoxaban group and 6.9% of the 
enoxaparin group.50 Another randomised, double-blind, non-inferiority, 
Phase III trial, STARS-J5, studied 610 patients undergoing THA. The 
efficacy outcome occurred in 2.4% of the edoxaban group versus 6.9% of 
the enoxaparin group (relative risk reduction 65.7%; p<0.001 for non-
inferiority). Bleeding occurred in 2.6% of edoxaban-treated patients 
versus 3.7% of enoxaparin-treated patients; p=0.475.51 In a pooled analysis 
of the STARS-E3 and STARS-J5 trials, the incidence of VTE was 5.1% and 
10.7% for edoxaban and enoxaparin, respectively, p<0.001. There was 
also no significant difference in bleeding rates (4.6% for edoxaban and 
3.7% for enoxaparin, p=0.427).52 Based on these results, edoxaban has 
recently been approved for VTE prophylaxis after major orthopaedic 
surgery in Japan at a dose of 30 mg once daily.53

Comparison Between Direct Oral Anticoagulants
Zhang et al. conducted a retrospective study to compare the efficacy and 
safety of apixaban and rivaroxaban after lumbar spine surgery. A total of 
480 patients were randomised to apixaban 2.5 mg twice daily or 
rivaroxaban 10 mg once daily for 14 days. All patients were provided with 
graduated compression stockings for 6 weeks, and calf-length intermittent 
pneumatic compression devices while in-hospital with mobilisation 
encouraged. VTE events, bleeding and D-dimer changes were assessed. 
There was no significant intergroup difference in the incidences of 
thrombotic events between apixaban (5%) and rivaroxaban (3.75%), 
p>0.05. Total bleeding and minor bleeding were significantly lower in the 
apixaban group (p<0.05). Moreover, postoperative D-dimer level changes 
were lower in the apixaban group than in the rivaroxaban group. 
Therefore, apixaban and rivaroxaban were equally effective for post-
operative VTE prophylaxis.54
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A systematic review and meta-analysis has been conducted comparing 
dabigatran, rivaroxaban and apixaban versus enoxaparin for DVT 
prophylaxis after THA or TKA. The meta-analysis included 38,747 patients 
from 16 Phase II and Phase III trials.55 Compared with enoxaparin, VTE risk 
was lower with rivaroxaban (RR 0.48; 95% CI [0.31–0.75]), and similar with 
dabigatran (RR 0.71; 95% CI [0.23–2.12]) and apixaban (RR 0.82; 95% CI 
[0.41–1.64]). However, the risk of bleeding was higher with rivaroxaban 
(RR 1.25; 95% CI [1.05–1.49]), similar with dabigatran (RR 1.12; 95% CI 
[0.94–1.35]), and lower with apixaban (RR 0.82; 95% CI [0.69–0.98]).55

In 2017, a network meta-analysis was conducted to compare the efficacy 
and safety of anticoagulants for VTE prevention after hip and knee 
arthroplasty. The outcomes revealed that rivaroxaban and apixaban were 
superior to enoxaparin for reducing VTE. Rivaroxaban was associated 
with similar bleeding risks compared with enoxaparin 30 mg twice daily 
and higher bleeding risks compared with enoxaparin 40 mg once daily. 
However, apixaban was associated with a decreased major or clinically 
relevant non-major bleeding compared with either dose of enoxaprin.56

Three meta-analyses have demonstrated that DOACs (dabigatran, 
apixaban and rivaroxaban) reduce the risk of VTE compared to placebo. 
Based on these studies, apixaban may have the most favourable efficacy 
and safety profiles for post-operative VTE prophylaxis. However, there are 
no direct comparative trials between different types of DOACs, so a 
definite opinion on whether apixaban is the best DOAC cannot be made 
regarding these data.57–59

Bleeding Risks of Direct Oral Anticoagulants
Bleeding (major and minor) is the most common complication of DOACs. A 
population-based cohort study showed that the risk of gastrointestinal 
bleeding with DOACs (dabigatran and rivaroxaban) was similar to 
warfarin.60 Chai-Adisaksopha et al. performed a systematic review and 
meta-analysis of twelve randomised controlled trials. The bleeding risk of 
DOACs was assessed in 102,607 patients with VTE or AF. Compared with 
VKAs, DOACs significantly reduced the risk of overall major bleeding (RR 
0.72; p<0.01), fatal bleeding (RR 0.53; p<0.01), intra-cranial bleeding (RR 
0.43; p<0.01), clinically relevant non-major bleeding (RR 0.78; p<0.01) and 
total bleeding (RR 0.76; p<0.01).61

Management of Direct Oral Anticoagulants 
in Perioperative Settings
The management of patients taking DOACs in the perioperative setting is 
important. The pharmacokinetic properties of DOACs, renal function, 
bleeding risks, nature of the surgical procedure and thromboembolic risk 
of patients should all be considered.62 Although periprocedural bridging 

anticoagulation with LMWH or unfractionated heparin has been used in 
some high-thromboembolic risk-patients, a systematic review and meta-
analysis proved that there was no difference in thromboembolic risk 
between bridged and non-bridged patients (RR 1.26; 95% CI [0.61–2.58]; 
p=0.53). However, bridging anticoagulation increased risk of overall 
bleeding (RR 2.83; 95% CI [2.00–4.01]; p<0.0001) and major bleeding (RR 
3.00; 95% CI [1.78–5.06], p<0.0001).63

Dabigatran undergoes 90% renal elimination. In high-bleeding-risk 
procedures, it is recommended to discontinue dabigatran 48–72 hours 
prior to surgery in patients with normal renal function or mild impairment 
(CrCl >50 ml/min), 72–96 hours with moderate renal impairment (CrCl 
30–49 ml/min) and 96–144 hours with severe renal impairment (CrCl <29 
ml/min). In low-bleeding-risk procedures, dabigatran does not need to be 
interrupted if renal function is normal. Dabigatran should be resumed 
between 48–72 hours after high-bleeding-risk procedures and 24 hours 
after low-bleeding-risk procedures. Rivaroxaban should be discontinued 
48 hours prior to high-bleeding-risk procedures. In low-bleeding-risk 
procedures, rivaroxaban should be withheld 24 hours prior to surgery 
with normal renal function (CrCl >90 ml/min), 48 hours with mild renal 
impairment (CrCl 60–90 ml/min), 72 hours with moderate renal impairment 
(CrCl 30–59 ml/min), and 96 hours with severe renal impairment (CrCl 
15–29 ml/min). Rivaroxaban can be restarted as soon as after haemostasis 
is achieved in low-bleeding-risk procedures and after 48–72 hours in 
high-bleeding-risk procedures. For apixaban, it is recommended that it is 
withheld for 24–48 hours with mild renal impairment (CrCl <60 ml/min), 72 
hours with moderate renal impairment (30–59 ml/min) and 96 hours with 
severe renal impairment (CrCl <30 ml/min) in high-bleeding-risk 
procedures. In low-bleeding-risk procedures, apixaban may be continued 
without interruption. Following surgery, apixaban may be resumed after 
24–48 hours depending on bleeding risks. Edoxaban is suggested to be 
discontinued 24 hours prior to low-bleeding-risk procedures and 72 hours 
prior to high-bleeding-risk procedures. During prolonged gaps without 
anticoagulation, bridging anticoagulation with heparin may be considered 
in high thromboembolic risk patients, although a meta-analysis does not 
support this regime.62

If emergency surgery cannot be delayed for at least 12 hours from the last 
DOAC intake, specific reversal agents should be considered. A 
randomised, double-blind, placebo-controlled study showed prothrombin 
complex concentrate immediately and completely reverses the 
anticoagulant effect of rivaroxaban in healthy subjects but has no 
influence on the anticoagulant action of dabigatran.64 Idarucizumab was 
approved in 2015 as the specific reversal agent for dabigatran and 
andexanet alfa (a recombinant modified FXa protein) was approved in 

Table 3: Current Approved Direct Oral Anticoagulant Regimens for Venous 
Thromboembolism Prophylaxis after Major Orthopaedic Surgery

DOACs Indications Recommended Dose Recommended Duration Approved by
Dabigatran VTE prophylaxis after major 

orthopaedic surgery
150–220 mg once daily THA 28–35 days

TKA (10 days)
ACCP (2012),15 NICE (2019),16 ASH (2019),17 
SIGN (2010)18

Rivaroxaban VTE prophylaxis after major 
orthopaedic surgery

10 mg once daily THA 28–35 days
TKA (10–14 days)

ACCP (2012),15 NICE (2019),16 ASH (2019),17 
SIGN (2010)18

Apixaban VTE prophylaxis after major 
orthopaedic surgery

2.5 mg twice daily THA 32–38 days
TKA (10–14 days)

ACCP (2012),15 NICE (2019),16 ASH (2019)17

Edoxaban VTE prophylaxis after major 
orthopaedic surgery

30 mg once daily Japanese guidelines75

ACCP = American College of Chest Physicians; ASH = American Society of Hematology; DOAC = direct oral anticoagulants; NICE = National Institute for Health and Care Excellence; SIGN = Scottish 
Intercollegiate Guidelines Network; THA = total hip arthroplasty; TKA = total knee arthroplasty; VTE = venous thromboembolism.



Role of Newer Oral Anticoagulants for Post-operative Prophylaxis

EUROPEAN CARDIOLOGY REVIEW
www.ECRjournal.com

2018 for the reversal of the anticoagulation action of rivaroxaban and 
apixaban in cases of life-threatening or uncontrolled bleeding, or where 
rapid reversal of anticoagulation is required.65,66

Conclusion
In summary, based on these above clinical data, DOACs have similar or 
superior efficacy and safety profiles compared to routine SOC (LMWH and 

warfarin) for VTE prophylaxis after major orthopaedic surgery. Table 3 
summarises the current approved DOACs guidelines for VTE prophylaxis 
after major orthopaedic surgery. However, the data regarding the role of 
DOACs after non-orthopaedic surgery are limited. Therefore, regarding 
post-operative VTE prophylaxis, the risks of thromboembolism and 
bleeding should be assessed and managed on an individual basis to 
obtain optimal outcomes. 

1. Roth-Isigkeit A, Borstel TV, Seyfarth M, Schmucker P. 
Perioperative serum levels of tumour-necrosis-factor alpha 
(TNF-alpha), IL-1 beta, IL-6, IL-10 and soluble IL-2 receptor in 
patients undergoing cardiac surgery with cardiopulmonary 
bypass without and with correction for haemodilution. Clin 
Exp Immunol 1999;118:242–6. https://doi.
org/10.1046/j.1365-2249.1999.01050.x; PMID: 10540185.

2. Neumaier M, Metak G, Scherer MA. C-reactive protein as a 
parameter of surgical trauma: CRP response after different 
types of surgery in 349 hip fractures. Acta Orthop 
2006;77:788–90. https://doi.
org/10.1080/17453670610013006; PMID: 17068712.

3. Wanderling C, Liles J, Finkler E, et al. Dysregulation of tissue 
factor, thrombin-activatable fibrinolysis inhibitor, and 
fibrinogen in patients undergoing total joint arthroplasty. Clin 
Appl Thromb Hemost 2017;23:967–72. https://doi.
org/10.1177/1076029617700998; PMID: 28345356.

4. Kahn SR, Shivakumar S. What’s new in VTE risk and 
prevention in orthopedic surgery. Res Pract Thromb Haemost 
2020;4:366–76. https://doi.org/10.1002/rth2.12323; 
PMID: 32211571.

5. Geerts WH, Bergqvist D, Pineo GF, et al. Prevention of 
venous thromboembolism: American College of Chest 
Physicians evidence-based clinical practice guidelines (8th 
edition). Chest 2008;133(6 Suppl):381S–453S. https://doi.
org/10.1378/chest.08-0656; PMID: 18574271.

6. Wilson D, Cooke EA, McNally MA, et al. Changes in 
coagulability as measured by thrombelastography following 
surgery for proximal femoral fracture. Injury 2001;32:765–70. 
https://doi.org/10.1016/s0020-1383(01)00139-5; 
PMID: 11754883.

7. Wilson D, Cooke EA, McNally MA, et al. Altered venous 
function and deep venous thrombosis following proximal 
femoral fracture. Injury 2002;33:33–9. https://doi.org/10.1016/
s0020-1383(01)00137-1; PMID: 11879830.

8. Werth S, Halbritter K, Beyer-Westendorf J. Efficacy and 
safety of venous thromboembolism prophylaxis with 
apixaban in major orthopedic surgery. Ther Clin Risk Manag 
2012;8:139–47. https://doi.org/10.2147/tcrm.s24238; 
PMID: 22547932.

9. Ingrasciotta Y, Crisafulli S, Pizzimenti V, et al. 
Pharmacokinetics of new oral anticoagulants: implications 
for use in routine care. Expert Opin Drug Metab Toxicol 
2018;14:1057–69. https://doi.org/10.1080/17425255.2018.153
0213; PMID: 30277082.

10. Ho KM, Bham E, Pavey W. Incidence of venous 
thromboembolism and benefits and risks of 
thromboprophylaxis after cardiac surgery: a systematic 
review and meta-analysis. J Am Heart Assoc 2015;4:e002652. 
https://doi.org/10.1161/jaha.115.002652; PMID: 26504150.

11. Sarker SH, Miraj AK, Hossain MA, Aftabuddin M. Deep vein 
thrombosis in a post-coronary artery bypass grafting 
patient: successful conservative management. Mymensingh 
Med J 2017;26:689–93; PMID: 28919630.

12. Hamidi M, Zeeshan M, Kulvatunyou N, et al. Operative 
spinal trauma: thromboprophylaxis with low molecular 
weight heparin or a direct oral anticoagulant. J Thromb 
Haemost 2019;17:925–33. https://doi.org/10.1111/jth.14439; 
PMID: 30924300.

13. Matharu GS, Garriga C, Whitehouse MR, et al. Is aspirin as 
effective as the newer direct oral anticoagulants for venous 
thromboembolism prophylaxis after total hip and knee 
arthroplasty? An analysis from the national joint registry for 
England, Wales, Northern Ireland, and the Isle of Man. J 
Arthroplasty 2020;35:2631–9.e6. https://doi.org/10.1016/j.
arth.2020.04.088; PMID: 32532481.

14. Eriksson BI, Kakkar AK, Turpie AGG, et al. Oral rivaroxaban 
for the prevention of symptomatic venous thromboembolism 
after elective hip and knee replacement. J Bone Joint Surg Br 
2009;91:636–44. https://doi.org/10.1302/0301-
620x.91b5.21691; PMID: 19407299.

15. Falck-Ytter Y, Francis CW, Johanson NA, et al. Prevention of 
VTE in orthopedic surgery patients: antithrombotic therapy 
and prevention of thrombosis, 9th ed: American College of 
Chest Physicians evidence-based clinical practice 
guidelines. Chest 2012;141(2 Suppl):e278S–325. https://doi.
org/10.1378/chest.11-2404; PMID: 22315265.

16. National Institute for Health and Care Excellence. Venous 
thromboembolism in over 16s: reducing the risk of hospital-
acquired deep vein thrombosis or pulmonary embolism. London: 
NICE, 2018. https://www.nice.org.uk/guidance/ng89 
(accessed 5 May 2022).

17. Anderson DR, Morgano GP, Bennett C, et al. American 
Society of Hematology 2019 guidelines for management of 
venous thromboembolism: prevention of venous 
thromboembolism in surgical hospitalized patients. Blood 
Adv 2019;3:3898–944. https://doi.org/10.1182/
bloodadvances.2019000975; PMID: 31794602.

18. Scottish Intercollegiate Guidelines Network. Prevention and 
management of venous thromboembolism. Edinburgh: SIGN, 
2014. 

19. Konstantinides SV, Meyer G, Becattini C, et al. ESC 
guidelines for the diagnosis and management of acute 
pulmonary embolism developed in collaboration with the 
European Respiratory Society (ERS). Eur Heart J 
2020;41:543–603. https://doi.org/10.1093/eurheartj/ehz405; 
PMID: 31504429.

20. Eriksson BI, Dahl OE, Rosencher N, et al. Dabigatran 
etexilate versus enoxaparin for prevention of venous 
thromboembolism after total hip replacement: a 
randomised, double-blind, non-inferiority trial. Lancet 
2007;370:949–56. https://doi.org/10.1016/s0140-
6736(07)61445-7; PMID: 17869635. 

21. Eriksson BI, Dahl OE, Huo MH, et al. Oral dabigatran versus 
enoxaparin for thromboprophylaxis after primary total hip 
arthroplasty (RE-NOVATE II): a randomised, double-blind, 
non-inferiority trial. Thromb Haemost 2011;105:721–9. https://
doi.org/10.1160/th10-10-0679; PMID: 21225098.

22. Eriksson BI, Dahl OE, Rosencher N, et al. Oral dabigatran 
etexilate vs. subcutaneous enoxaparin for the prevention of 
venous thromboembolism after total knee replacement: the 
RE-MODEL randomized trial. J Thromb Haemost 2007;5:2178–
85. https://doi.org/10.1111/j.1538-7836.2007.02748.x; 
PMID: 17764540.

23. RE-MOBILIZE Writing Committee, Ginsberg JS, Davidson BL, 
et al. Oral thrombin inhibitor dabigatran etexilate vs North 
American enoxaparin regimen for prevention of venous 
thromboembolism after knee arthroplasty surgery. J 
Arthroplasty 2009;24:1–9. https://doi.org/10.1016/j.
arth.2008.01.132; PMID: 18534438.

24. Friedman RJ, Dahl OE, Rosencher N, et al. Dabigatran 
versus enoxaparin for prevention of venous 
thromboembolism after hip or knee arthroplasty: a pooled 
analysis of three trials. Thromb Res 2010;126:175–82. https://
doi.org/10.1016/j.thromres.2010.03.021; PMID: 20434759.

25. Eriksson BI, Dahl OE, Büller HR, et al. A new oral direct 
thrombin inhibitor, dabigatran etexilate, compared with 
enoxaparin for prevention of thromboembolic events 
following total hip or knee replacement: the BISTRO II 
randomized trial. J Thromb Haemost 2005;3:103–11. https://
doi.org/10.1111/j.1538-7836.2004.01100.x; PMID: 15634273.

26. Rosencher N, Samama CM, Feuring M, et al. Dabigatran 
etexilate for thromboprophylaxis in over 5000 hip or knee 
replacement patients in a real-world clinical setting. Thromb 
J 2016;14:8. https://doi.org/10.1186/s12959-016-0082-4; 
PMID: 27042163.

27. Wurnig C, Clemens A, Rauscher H, et al. Safety and efficacy 
of switching from low molecular weight heparin to 
dabigatran in patients undergoing elective total hip or knee 
replacement surgery. Thromb J 2015;13:37. https://doi.
org/10.1186/s12959-015-0066-9; PMID: 26612979.

28. Eriksson BI, Borris LC, Friedman RJ, et al. Rivaroxaban 
versus enoxaparin for thromboprophylaxis after hip 
arthroplasty. N Engl J Med 2008;358:2765–75. https://doi.
org/10.1056/nejmoa0800374; PMID: 18579811.

29. Kakkar AK, Brenner B, Dahl OE, et al. Extended duration 
Rivaroxaban versus short-term enoxaparin for the 
prevention of venous thromboembolism after total hip 
arthroplasty: a double-blind, randomised controlled trial. 
Lancet 2008;372:31–9. https://doi.org/10.1016/s0140-
6736(08)60880-6; PMID: 18582928.

30. Lassen MR, Ageno W, Borris LC, et al. Rivaroxaban versus 
enoxaparin for thromboprophylaxis after total knee 
arthroplasty. N Engl J Med 2008;358:2776–86. https://doi.

org/10.1056/nejmoa076016; PMID: 18579812.
31. Turpie AG, Lassen MR, Davidson BL, et al. Rivaroxaban 

versus enoxaparin for thromboprophylaxis after total knee 
arthroplasty (RECORD4): a randomised trial. Lancet 
2009;373:1673–80. https://doi.org/10.1016/s0140-
6736(09)60734-0; PMID: 19411100.

32. Turpie AG, Lassen MR, Eriksson BI, et al. Rivaroxaban for the 
prevention of venous thromboembolism after hip or knee 
arthroplasty. Pooled analysis of four studies. Thromb Haemost 
2011;105:444–53. https://doi.org/10.1160/th10-09-0601; 
PMID: 21136019.

33. Levitan B, Yuan Z, Turpie AG, et al. Benefit-risk assessment 
of rivaroxaban versus enoxaparin for the prevention of 
venous thromboembolism after total hip or knee 
arthroplasty. Vasc Health Risk Manag 2014;10:157–67. https://
doi.org/10.2147/vhrm.s54714; PMID: 24707185

34. Eriksson BI, Borris L, Dahl OE, et al. Oral, direct Factor Xa 
inhibition with BAY 59-7939 for the prevention of venous 
thromboembolism after total hip replacement. J Thromb 
Haemost 2006;4:121–8. https://doi.
org/10.1111/j.1538-7836.2005.01657.x; PMID: 16409461.

35. Turpie AG, Fisher WD, Bauer KA, et al. OdiXa-knee study 
group. J Thromb Haemost 2005;3:2479–86. https://doi.
org/10.1111/j.1538-7836.2005.01602.x; PMID: 16241946.

36. Turpie AG, Haas S, Kreutz R, et al. A non-interventional 
comparison of rivaroxaban with standard of care for 
thromboprophylaxis after major orthopaedic surgery in 
17,701 patients with propensity score adjustment. Thromb 
Haemost 2014;111:94–102. https://doi.org/10.1160/th13-08-
0666; PMID: 24154549.

37. Beyer-Westendorf J, Lützner J, Donath L, et al. Efficacy and 
safety of rivaroxaban or fondaparinux thromboprophylaxis in 
major orthopedic surgery: findings from the Ortho-TEP 
registry. J Thromb Haemost 2012;10:2045–52. https://doi.
org/10.1111/j.1538-7836.2012.04877.x; PMID: 22882706.

38. Smith SR, Katz JN, Losina E. Cost-effectiveness of 
alternative anticoagulation strategies for postoperative 
management of total knee arthroplasty patients. Arthritis 
Care Res (Hoboken) 2019;71:1621–9. https://doi.org/10.1002/
acr.23803; PMID: 30369093.

39. Lassen MR, Raskob GE, Gallus A, et al. Apixaban or 
enoxaparin for thromboprophylaxis after knee replacement. 
N Engl J Med 2009;361:594–604. https://doi.org/10.1056/
nejmoa0810773; PMID: 19657123.

40. Lassen MR, Raskob GE, Gallus A, et al. Apixaban versus 
enoxaparin for thromboprophylaxis after knee replacement 
(ADVANCE-2): a randomised double-blind trial. Lancet 
2010;375:807–15. https://doi.org/10.1016/s0140-
6736(09)62125-5; PMID: 20206776.

41. Lassen MR, Gallus A, Raskob GE, et al. Apixaban versus 
enoxaparin for thromboprophylaxis after hip replacement. N 
Engl J Med 2010;363:2487–98. https://doi.org/10.1056/
nejmoa1006885; PMID: 21175312.

42. Raskob GE, Gallus AS, Pineo GF, et al. Apixaban versus 
enoxaparin for thromboprophylaxis after hip or knee 
replacement: pooled analysis of major venous 
thromboembolism and bleeding in 8464 patients from the 
ADVANCE-2 and ADVANCE-3 trials. J Bone Joint Surg Br 
2012;94:257–64. https://doi.org/10.1302/0301-
620x.94b2.27850; PMID: 22323697.

43. Lassen MR, Davidson BL, Gallus A, et al. The efficacy and 
safety of apixaban, an oral, direct factor Xa inhibitor, as 
thromboprophylaxis in patients following total knee 
replacement. J Thromb Haemost 2007;5:2368–75. https://doi.
org/10.1111/j.1538-7836.2007.02764.x; PMID: 17868430.

44. Caldeira D, Rodrigues FB, Pinto FJ, et al. 
Thromboprophylaxis with apixaban in patients undergoing 
major orthopedic surgery: meta-analysis and trial-sequential 
analysis. Clin Med Insights Blood Disord 2017;10. https://doi.
org/10.1177/1179545X17704660; PMID: 28579855.

45. Torrejon Torres R, Saunders R, Ho KM. A comparative cost-
effectiveness analysis of mechanical and pharmacological 
VTE prophylaxis after lower limb arthroplasty in Australia. J 
Orthop Surg Res 2019;14:93. https://doi.org/10.1186/s13018-
019-1124-y; PMID: 30940168.

46. Fuji T, Fujita S, Tachibana S, Kawai Y. A dose-ranging study 
evaluating the oral factor Xa inhibitor edoxaban for the 

https://doi.org/10.1046/j.1365-2249.1999.01050.x
https://doi.org/10.1046/j.1365-2249.1999.01050.x
https://doi.org/10.1080/17453670610013006
https://doi.org/10.1080/17453670610013006
https://doi.org/10.1177/1076029617700998
https://doi.org/10.1177/1076029617700998
https://doi.org/10.1002/rth2.12323
https://doi.org/10.1378/chest.08-0656
https://doi.org/10.1378/chest.08-0656
https://doi.org/10.1016/s0020-1383(01)00139-5
https://doi.org/10.1016/s0020-1383(01)00137-1
https://doi.org/10.1016/s0020-1383(01)00137-1
https://doi.org/10.2147/tcrm.s24238
https://doi.org/10.1080/17425255.2018.1530213
https://doi.org/10.1080/17425255.2018.1530213
https://doi.org/10.1161/jaha.115.002652
https://doi.org/10.1111/jth.14439
https://doi.org/10.1016/j.arth.2020.04.088
https://doi.org/10.1016/j.arth.2020.04.088
https://doi.org/10.1302/0301-620x.91b5.21691
https://doi.org/10.1302/0301-620x.91b5.21691
https://doi.org/10.1378/chest.11-2404
https://doi.org/10.1378/chest.11-2404
https://doi.org/10.1182/bloodadvances.2019000975
https://doi.org/10.1182/bloodadvances.2019000975
https://doi.org/10.1093/eurheartj/ehz405
https://doi.org/10.1016/s0140-6736(07)61445-7
https://doi.org/10.1016/s0140-6736(07)61445-7
https://doi.org/10.1160/th10-10-0679
https://doi.org/10.1160/th10-10-0679
https://doi.org/10.1111/j.1538-7836.2007.02748.x
https://doi.org/10.1016/j.arth.2008.01.132
https://doi.org/10.1016/j.arth.2008.01.132
https://doi.org/10.1016/j.thromres.2010.03.021
https://doi.org/10.1016/j.thromres.2010.03.021
https://doi.org/10.1111/j.1538-7836.2004.01100.x
https://doi.org/10.1111/j.1538-7836.2004.01100.x
https://doi.org/10.1186/s12959-016-0082-4
https://doi.org/10.1186/s12959-015-0066-9
https://doi.org/10.1186/s12959-015-0066-9
https://doi.org/10.1056/nejmoa0800374
https://doi.org/10.1056/nejmoa0800374
https://doi.org/10.1016/s0140-6736(08)60880-6
https://doi.org/10.1016/s0140-6736(08)60880-6
https://doi.org/10.1056/nejmoa076016
https://doi.org/10.1056/nejmoa076016
https://doi.org/10.1016/s0140-6736(09)60734-0
https://doi.org/10.1016/s0140-6736(09)60734-0
https://doi.org/10.1160/th10-09-0601
https://doi.org/10.2147/vhrm.s54714
https://doi.org/10.2147/vhrm.s54714
https://doi.org/10.1111/j.1538-7836.2005.01657.x
https://doi.org/10.1111/j.1538-7836.2005.01657.x
https://doi.org/10.1111/j.1538-7836.2005.01602.x
https://doi.org/10.1111/j.1538-7836.2005.01602.x
https://doi.org/10.1160/th13-08-0666
https://doi.org/10.1160/th13-08-0666
https://doi.org/10.1111/j.1538-7836.2012.04877.x
https://doi.org/10.1111/j.1538-7836.2012.04877.x
https://doi.org/10.1002/acr.23803
https://doi.org/10.1002/acr.23803
https://doi.org/10.1056/nejmoa0810773
https://doi.org/10.1056/nejmoa0810773
https://doi.org/10.1016/s0140-6736(09)62125-5
https://doi.org/10.1016/s0140-6736(09)62125-5
https://doi.org/10.1056/nejmoa1006885
https://doi.org/10.1056/nejmoa1006885
https://doi.org/10.1302/0301-620x.94b2.27850
https://doi.org/10.1302/0301-620x.94b2.27850
https://doi.org/10.1111/j.1538-7836.2007.02764.x
https://doi.org/10.1111/j.1538-7836.2007.02764.x
https://doi.org/10.1177/1179545x17704660
https://doi.org/10.1177/1179545x17704660
https://doi.org/10.1186/s13018-019-1124-y
https://doi.org/10.1186/s13018-019-1124-y


Role of Newer Oral Anticoagulants for Post-operative Prophylaxis

EUROPEAN CARDIOLOGY REVIEW
www.ECRjournal.com

prevention of venous thromboembolism in patients 
undergoing total knee arthroplasty. J Thromb Haemost 
2010;8:2458–68. https://doi.
org/10.1111/j.1538-7836.2010.04021.x; PMID: 20723033.

47. Raskob G, Cohen AT, Eriksson BI, et al. Oral direct factor Xa 
inhibition with edoxaban for thromboprophylaxis after 
elective total hip replacement. A randomised double-blind 
dose-response study. Thromb Haemost 2010;104:642–9. 
https://doi.org/10.1160/th10-02-0142; PMID: 20589317.

48. Fuji T, Wang CJ, Fujita S, et al. Safety and efficacy of 
edoxaban, an oral factor xa inhibitor, for thromboprophylaxis 
after total hip arthroplasty in Japan and Taiwan. J 
Arthroplasty 2014;29:2439–46. https://doi.org/10.1016/j.
arth.2014.05.029; PMID: 25047458.

49. Fuji T, Wang CJ, Fujita S, et al. Safety and efficacy of 
edoxaban, an oral factor Xa inhibitor, versus enoxaparin for 
thromboprophylaxis after total knee arthroplasty: the STARS 
E-3 trial. Thromb Res 2014;134:1198–204. https://doi.
org/10.1016/j.thromres.2014.09.011; PMID: 25294589.

50. Fuji T, Fujita S, Kawai Y, et al. Safety and efficacy of 
edoxaban in patients undergoing hip fracture surgery. 
Thromb Res 2014;133:1016–22. https://doi.org/10.1016/j.
thromres.2014.03.009; PMID: 24680549.

51. Fuji T, Fujita S, Kawai Y, et al. Efficacy and safety of 
edoxaban versus enoxaparin for the prevention of venous 
thromboembolism following total hip arthroplasty: STARS 
J-V. Thromb. Thromb J 2015;13:27. https://doi.org/10.1186/
s12959-015-0057-x; PMID: 26269694.

52. Kawai Y, Fuji T, Fujita S, et al. Edoxaban versus enoxaparin 
for the prevention of venous thromboembolism after total 
knee or hip arthroplasty: pooled analysis of coagulation 
biomarkers and primary efficacy and safety endpoints from 
two phase 3 trials. Thromb J 2016;14:48. https://doi.
org/10.1186/s12959-016-0121-1; PMID: 27980462.

53. Fuji T, Fujita S, Kawai Y, et al. A randomized, open-label trial 
of edoxaban in Japanese patients with severe renal 
impairment undergoing lower-limb orthopedic surgery. 
Thromb J 2015;13:6. https://doi.org/10.1186/s12959-014-0034-
9; PMID: 25653574.

54. Zhang K, Zhao S, Kan W, et al. Comparison of apixaban and 
Rivaroxaban for anticoagulant effect after lumbar spine 
surgery: a single-center report. Future Sci OA 2018;4:FSO297. 
https://doi.org/10.4155/fsoa-2017-0123; PMID: 29796300.

55. Gómez-Outes A, Terleira-Fernández AI, Suárez-Gea ML, 
Vargas-Castrillón E. Dabigatran, rivaroxaban, or apixaban 
versus enoxaparin for thromboprophylaxis after total hip or 

knee replacement: systematic review, meta-analysis, and 
indirect treatment comparisons. BMJ 2012;344:e3675. 
https://doi.org/10.1136/bmj.e3675; PMID: 22700784.

56. Hur M, Park SK, Koo CH, et al. Comparative efficacy and 
safety of anticoagulants for prevention of venous 
thromboembolism after hip and knee arthroplasty. Acta 
Orthop 2017;88:634–41. https://doi.org/10.1080/17453674.201
7.1361131; PMID: 28787226.

57. Castellucci LA, Cameron C, Le Gal G, et al. Efficacy and 
safety outcomes of oral anticoagulants and antiplatelet 
drugs in the secondary prevention of venous 
thromboembolism: systematic review and network meta-
analysis. BMJ 2013;347:f5133. https://doi.org/10.1136/bmj.
f5133; PMID: 23996149.

58. Sobieraj DM, Coleman CI, Pasupuleti V, et al. Comparative 
efficacy and safety of anticoagulants and aspirin for 
extended treatment of venous thromboembolism: a network 
meta-analysis. Thromb Res 2015;135:888–96. https://doi.
org/10.1016/j.thromres.2015.02.032; PMID: 25795564.

59. Cohen AT, Hamilton M, Bird A, et al. Comparison of the non-
VKA oral anticoagulants apixaban, dabigatran, and 
rivaroxaban in the extended treatment and prevention of 
venous thromboembolism: systematic review and network 
meta-analysis. PLoS One 2016;11:e0160064. https://doi.
org/10.1371/journal.pone.0160064; PMID: 27487187.

60. Abraham NS, Singh S, Alexander GC, et al. Comparative risk 
of gastrointestinal bleeding with dabigatran, rivaroxaban, 
and warfarin: population based cohort study. BMJ 
2015;350:h1857. https://doi.org/10.1136/bmj.h1857; 
PMID: 25910928.

61. Chai-Adisaksopha C, Crowther M, Isayama T, Lim W. The 
impact of bleeding complications in patients receiving 
target-specific oral anticoagulants: a systematic review and 
meta-analysis. Blood 2014;124:2450–8. https://doi.
org/10.1182/blood-2014-07-590323; PMID: 25150296.

62. Sunkara T, Ofori E, Zarubin V, et al. Perioperative 
management of direct oral anticoagulants (DOACs): a 
systemic review. Health Serv Insights 2016;9(Suppl 1):25–36. 
https://doi.org/10.4137/hsi.s40701; PMID: 28008269.

63. Kuo HC, Liu FL, Chen JT, et al. Thromboembolic and 
bleeding risk of periprocedural bridging anticoagulation: a 
systematic review and meta-analysis. Clin Cardiol 
2020;43:441–9. https://doi.org/10.1002/clc.23336; 31944351.

64. Eerenberg ES, Kamphuisen PW, Sijpkens MK, et al. Reversal 
of Rivaroxaban and dabigatran by prothrombin complex 
concentrate: a randomized, placebo-controlled, crossover 

study in healthy subjects. Circulation 2011;124:1573–9. https://
doi.org/10.1161/circulationaha.111.029017; PMID: 21900088.

65. Goriacko P, Yaghdjian V, Koleilat I, et al. The use of 
idarucizumab for dabigatran reversal in clinical practice: a 
case series. P T 2017;42:699–703; PMID: 29089726.

66. Heo YA. Andexanet alfa: first global approval. Drugs 
2018;78:1049–55. https://doi.org/10.1007/s40265-018-0940-
4; PMID: 29926311.

67. Kim KI, Kang DG, Khurana SS, et al. Thromboprophylaxis for 
deep vein thrombosis and pulmonary embolism after total 
joint arthroplasty in a low incidence population. Knee Surg 
Relat Res 2013;25:43–53. https://doi.org/10.5792/
ksrr.2013.25.2.43; PMID: 23741698.

68. Alvarado AM, Porto GBF, Wessell J, et al. Venous 
thromboprophylaxis in spine surgery. Glob Spine J 2020;10(1 
Suppl):65S–7S. https://doi.org/10.1177/2192568219858307; 
PMID: 31934524.

69. Tian B, Li H, Cui S, et al. A novel risk assessment model for 
venous thromboembolism after major thoracic surgery: a 
Chinese single-center study. J Thorac Dis 2019;11:1903–10. 
https://doi.org/10.21037/jtd.2019.05.11; PMID: 31285883.

70. Ambrosetti M, Salerno M, Zambelli M, et al. Deep vein 
thrombosis among patients entering cardiac rehabilitation 
after coronary artery bypass surgery. Chest 2004;125:191–6. 
https://doi.org/10.1378/chest.125.1.191; PMID: 14718440.

71. Reis SE, Polak JF, Hirsch DR, et al. Frequency of deep 
venous thrombosis in asymptomatic patients with coronary 
artery bypass grafts. Am Heart J 1991;122:478–82. https://doi.
org/10.1016/0002-8703(91)91004-7; PMID: 1858629.

72. Josa M, Siouffi SY, Silverman AB, et al. Pulmonary embolism 
after cardiac surgery. J Am Coll Cardiol 1993;21:990–6. 
https://doi.org/10.1016/0735-1097(93)90358-8; 
PMID: 8450170.

73. Beck KS, Cho EK, Moon MH, et al. Incidental pulmonary 
embolism after coronary artery bypass surgery: long-term 
clinical follow-Up. AJR Am J Roentgenol 2018;210:52–7. 
https://doi.org/10.2214/ajr.17.18186; PMID: 29064757.

74. Yeh CH, Hogg K, Weitz JI. Overview of the new oral 
anticoagulants: opportunities and challenges. Arterioscler 
Thromb Vasc Biol 2015;35:1056–65. https://doi.org/10.1161/
atvbaha.115.303397; PMID: 25792448.

75. Kobayashi T, Nakamura M, Sakuma M, et al. Japanese 
guidelines for pulmonary thromboembolism (PTE) 
prophylaxis is effective for a decrease in the incidence of 
PTE. Blood 2005;106:4110. https://doi.org/10.1182/blood.
V106.11.4110.4110.

https://doi.org/10.1111/j.1538-7836.2010.04021.x
https://doi.org/10.1111/j.1538-7836.2010.04021.x
https://doi.org/10.1160/th10-02-0142
https://doi.org/10.1016/j.arth.2014.05.029
https://doi.org/10.1016/j.arth.2014.05.029
https://doi.org/10.1016/j.thromres.2014.09.011
https://doi.org/10.1016/j.thromres.2014.09.011
https://doi.org/10.1016/j.thromres.2014.03.009
https://doi.org/10.1016/j.thromres.2014.03.009
https://doi.org/10.1186/s12959-015-0057-x
https://doi.org/10.1186/s12959-015-0057-x
https://doi.org/10.1186/s12959-016-0121-1
https://doi.org/10.1186/s12959-016-0121-1
https://doi.org/10.1186/s12959-014-0034-9
https://doi.org/10.1186/s12959-014-0034-9
https://doi.org/10.4155/fsoa-2017-0123
https://doi.org/10.1136/bmj.e3675
https://doi.org/10.1080/17453674.2017.1361131
https://doi.org/10.1080/17453674.2017.1361131
https://doi.org/10.1136/bmj.f5133
https://doi.org/10.1136/bmj.f5133
https://doi.org/10.1016/j.thromres.2015.02.032
https://doi.org/10.1016/j.thromres.2015.02.032
https://doi.org/10.1371/journal.pone.0160064
https://doi.org/10.1371/journal.pone.0160064
https://doi.org/10.1136/bmj.h1857
https://doi.org/10.1182/blood-2014-07-590323
https://doi.org/10.1182/blood-2014-07-590323
https://doi.org/10.4137/hsi.s40701
https://doi.org/10.1002/clc.23336
https://doi.org/10.1161/circulationaha.111.029017
https://doi.org/10.1161/circulationaha.111.029017
https://doi.org/10.1007/s40265-018-0940-4
https://doi.org/10.1007/s40265-018-0940-4
https://doi.org/10.5792/ksrr.2013.25.2.43
https://doi.org/10.5792/ksrr.2013.25.2.43
https://doi.org/10.1177/2192568219858307
https://doi.org/10.21037/jtd.2019.05.11
https://doi.org/10.1378/chest.125.1.191
https://doi.org/10.1016/0002-8703(91)91004-7
https://doi.org/10.1016/0002-8703(91)91004-7
https://doi.org/10.1016/0735-1097(93)90358-8
https://doi.org/10.2214/ajr.17.18186
https://doi.org/10.1161/atvbaha.115.303397
https://doi.org/10.1161/atvbaha.115.303397

