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Prevention of venous thromboembolism with rivaroxaban and apixaban in 

orthopedic surgery 

 

Превенција венског тромбоемболизма ривароксабаном и апиксабаном у 

ортопедској хирургији 

 
SUMMARY 

Numerous limitations and side effects of standard 

anticoagulants require administering new anticoagulant 

drugs. New peroral anticoagulants of Factor Xa inhibitor 

group have more advantages, the key ones being: substantial 

reductions in specific nutrition limitations and drug 

interaction, no need for routine laboratory monitoring and 

greatly improved therapy predictability. Rivaroxaban, a 

selective peroral Factor Xa inhibitor is more effective 

compared with enoxaparin for venous thromboembolism 

(VTE) prophylaxis in major orthopaedic interventions. 

Though several single trials demonstrate no difference in 

hemorrhagic complications, certain meta-analyses with 

rivaroxaban showed a higher incidence of hemorrhage. 

Apixaban, a peroral reversible inhibitor of factor Xa 

approved for the prevention of VTE, compared with 

European-approved doses of enoxaparin has the efficacy 

almost equal to the North-American-approved enoxaparin 

doses without a significant difference in bleeding rates, 

though АDVANCE I study points towards lower bleeding 

rates in patients treated with apixaban. 

To clarify the contradictory results of the recent meta-

analysis related to the comparison between the stated factor 

X inhibitors and various comparator enoxaparin regimens as 

well as related to the risk for symptomatic PTE and total 

bleeding events following major orthopedic surgery, new 

research will be required. Specificities of rivaroxaban and 

apixaban, already constituting, according to modern 

recommendations, an integral part of the VTE prophylaxis 

protocols after major orthopedic interventions will enable 

the establishment of personalized protocols aimed at 

developing an improved safety profile of each individual 

patient. 

Кеywords: prevention, venous thromboembolism, 

rivaroxaban, apixaban 

САЖЕТАК 

Бројна ограничења и нежељена дејства стандардних 

антикоагулантних лекова намећу потребу за применом 

нових антикоагулантних лекова. Перорални антикоагу-

лантни лекови из групе инхибитора фактора Xa имају 

више предности од којих су најважније: непостојање 

посебних ограничења у исхрани, значајно мањи број 

интерреакција са лековима, рутинска примена без посеб-

ног лабораторијског мониторинга, стабилнији и предик-

табилнији терапијски ефекат. Ривароксабан, селективни 

перорални инхибитор фактора Xa, ефикаснији је од 

еноксапарина у профилакси венског тромбомеомболиз-

ма (ВТЕ) при великим ортопедским интервенцијама. И 

поред тога што појединачне студије наводе да нема 

разлике у настанку хеморагијских компликација, одређе-

не метаанализе са ривароксабаном показале су већу 

инциденцију хеморагија. Апиксабан, перорални 

реверзибилни инхибитор фактора Xa, показао се ефика-

снијим у превенцији ВТЕ у односу на европске дозе 

еноксапарина, а готово подједнако ефикасан као 

северно-америчке дозе. Нису утврђене значајније 

разлике у степену крварења, мада студија ADVANCE-I 

указује на мању инциденцију крварења код оних 

лечених апиксабаном. Ради разјашњења контрадиктор-

них резултата у новијим метаанализама у односу на 

поређење наведених инхибитора фактора X и различи-

тих режима компаратора еноксапарина, у односу на 

ризик за симптоматски плућни тромбоемболизам и 

укупна крварења после великих ортопедских операција, 

биће неопходна нова истраживања. Специфичности 

ривароксаксабана и апиксабана, који према савременим 

препорукама већ чине саставни део протокола профи-

лаксе ВТЕ у великим ортопедским интервенцијама 

омогућиће успостављање персонализованих протокола 

како би се успоставио бољи сигурносни профил код 

сваког болесника.  

Кључне речи: превенција, венски тромбоемболизам, 

ривароксабан, апиксабан 

 

 

INTRODUCTION 

Prevention of venous thromboembolism (VTE) as a common denominator of deep 

vein thrombosis (DVT) and/or pulmonary thromboembolism (PTE) as a significant cause of 

vascular mortality, posttromboflebitis syndrome, chronic thromboembolic pulmonary 

hypertension, recurrent VTE has great medical, social and economic significance [1-4]. Like 

unfractionated heparin (UFH) low molecular weight heparins (LMWH) reduce the risk of 
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VTE at least 60% compared to patients without thromboprophylaxis, but are not convenient 

for outpatients as they require subcutaneous administration [5,6]. The incidence of heparin 

thrombocytopenia (HIT), as a serious adverse effect of the applied anticoagulant therapy, is 

approximately 3-5% in patients treated with UFH in orthopedic surgery and about 0.9% in 

patients treated with LMWH [7-12]. 

 Oral anticoagulant therapy with vitamin K antagonists (VKA) has many limitations: 

unpredictability of action, narrow therapeutic window, delayed onset of action, postponed 

action after discontinuation of therapy, numerous interactions with food and drugs, variable 

therapeutic effect and a relatively small percentage of patients in the predicted therapeutic 

range [13]. 

 The use of heparin anticoagulants is also restricted by the necessity of parenteral 

administration, the risk of HIT with possible potentially endangering thromboses and 

osteoporosis [14]. 

 In spite of the use of standard, recommended prophylactic anticoagulant regimens 

with low doses of UFH as well as LMWH, warfarin or recombinant hirudin, the incidence of 

DVT, confirmed by venography, still ranges 16-30% [15]. 

 Factor X is a well-targeted place for the action of anticoagulant drugs and the primary 

site of coagulation cascade amplification being  positioned at the point of convergence of the 

external and internal coagulation pathway (Scheme 1) [16,17]. Direct Xa factor inhibitors 

such as rivaroxaban and apixaban are not dependent on antithrombin and do not inhibit only 

the free factor Xa but also factor Xa bound to the complex of prothrombinase on the platelet 

membrane, and therefore have more advantages even in relation to indirect Factor Xa 

inhibitors such as fondaparinux and LMWH [16,18]. 
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RIVAROXABAN 

Pharmacotherapy group and Anatomical Therapeutic Chemical (ATC) classification 

Rivaroxaban belongs to the B01AF subgroup of direct factor Xa inhibitors within the 

B01A group of antithrombotic drugs [19]. 

 

A brief history of the drug 

The synthesis of rivaroxaban was achieved under the program "Factor Xa" launched 

in 1998 by Bayer [20]. In the group of new direct factor Xa inhibitors, rivaroxaban was firstly 

approved for clinical use in the prevention of VTE in adults undergoing total knee 

replacement (TKR) and total hip replacement (THR) in 2008 in the EU and Canada [20]. The 

Food and Drug Administration (FDA) approved rivaroxaban for the prevention of DVT in 

patients undergoing TKR and THR in 2011 [20]. 

 

Pharmacodynamics 

Mechanism of action  

Rivaroxaban is a highly selective, direct Xa factor inhibitor with oral bioavailability. 

Rivaroxaban blocks the free factor Xa and the clot connected factor Xa as well as the activity 

of the prothrombinase complex [18]. The inhibition of factor Xa interrupts the intrinsic and 

extrinsic cascade pathway of blood coagulation, preventing the formation and development of 

thrombus. Rivaroxaban does not inhibit thrombin and has no effect on platelets. 

 

Pharmacokinetics 

Rivaroxaban causes dose-dependent inhibition of factor Xa and achieves its maximum 

effect after 1-4 hours following administration [2]. Bioavailability is high, 80-100%. 
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Due to reduced absorption of rivaroxaban in the distal gastrointestinal tract the 

administration of the drug distal to the stomach is avoided [21]. The presence of food delayes 

the time until the maximum concentration of the drug (Tmax) is reached and increases the 

maximum drug concentration (Cmax) and the area under the curve (AUC) at a dose > 10 mg 

[22].  

Distribution of rivaroxaban is achieved by binding to albumin in 92-95%, and the 

volume of distribution is 50 liters [21]. The drug can not be eliminated by hemodialysis due 

to a high degree of binding to plasma proteins [18]. 

Biotransformation and elimination. Two thirds of the applied drug undergo 

metabolic degradation, with renal and fecal elimination equally. A third of the administered 

dose is excreted unchanged in urine following active renal secretion [21]. 

Metabolism of rivaroxaban is mediated by CYP3A4/5 and CYP2J2 isoenzymes and 

CYP-independent mechanisms. Rivaroxaban is a substrate for P-glycoprotein (P-gp) [21]. 

After oral administration the half-life of the drug is 5-9 hours in young and 11-13 

hours in the elderly [21]. 

 

Interactions 

The bioavailability of rivaroxaban is increased with the concomitant use of 

CYP3A4/P-gp inhibitors, such as ketoconazole or HIV protease inhibitors (e.i. ritonavir), 

which may cause higher concentrations of rivaroxaban and hemorrhage and the concomitant 

administration of these drugs may be considered contraindicated. Concomitant use of strong 

CYP 3A4 inducers such as rifampicin, carbamazapine, phenytoin, St. John’s Wort can 

significantly decrease the concentration of rivaroxaban and reduce its anticoagulant effects 

[21-23].  
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Clinical pharmacology 

Dosing and indications 

Elective TKR and THR require the administration of 10 mg daily rivaroxaban for the 

primary prevention of VTE. The initial dose is taken 6-10 hours after surgery. Recommended 

thromboprophylaxis duration is five weeks for THR and two weeks for TKR [21]. 

 

Efficacy 

In RECORD I-III trials (Regulation of  Coagulation in Orthopedic Surgery to 

Prevent DeepVenous Thrombosis and Pulmonary Embolism), rivaroxaban dose of 10 mg 

once daily was compared to enoxaparin in a single daily dose of 40 mg, while in the 

RECORD IV trial enoxaparin at a dose of 30 mg twice daily was administered [24]. The 

occurrence of DVT, symptomatic or venographically proven asymptomatic, non-fatal PTE 

and all-cause mortality were registered as the primary efficacy outcome, while the occurrence 

of major bleeding was monitored as the primary safety outcome. 

In the RECORD I, non-inferiority/superiority study examining a group of 4591 patients with 

THR and treated with the anticoagulants 35 days, it was demonstrated within the primary 

efficacy outcome that the listed adverse events were registered at significantly lower degree 

in patients treated with rivaroxaban 10 mg compared to enoxaparin at a dose of 40 mg once 

daily (1.1% vs. 3.7%, p <0.001) [24,25]. Major episodes of VTE were also lower in the group 

of patients treated with rivaroxaban compared to enoxaparin (0.2% vs. 2.0%, p <0.001). The 

incidence of major bleeding did not significantly differ between groups (0.3% and 0.1%, 

respectively). 

In RECORD II, superiority trial, performed in 2551 patients after THR, rivaroxaban at 

a dose of 10 mg was administered 31-39 days, and enoxaparin for 10-14 days. Primary 
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efficacy outcome was revealed in 2% of treated patients with rivaroxaban compared to 9.3% 

treated with enoxaparin (p <0.0001), without difference in significant bleeding [24,25]. 

In the RECORD III, non-inferiority/superiority trial, 2531 patients undergoing TKR 

were randomized to thromboprophylaxis with rivaroxaban at a dose of 10 mg once daily and 

enoxaparin at a dose of 40 mg once daily subcutaneously for 10-14 days in both groups. 

Within the primary efficacy outcome, significantly lower incidence of adverse events in 

patients treated with rivaroxaban compared to those treated with enoxaparin (9.6% vs. 18.9%, 

p <0.001) was shown, with comparable rates of significant bleeding [24,25]. 

In the RECORD IV randomized non-inferiority/superiority study, that examined 3148 

patients after TKR, unlike RECORD III study, the active comparator enoxaparin was 

administered in the dosage regimen of 30 mg twice daily. The primary efficacy outcome was 

registered in 6.9% of patients treated with rivaroxaban, as opposed to 10.1% of those treated 

with enoxaparin (p = 0.012), without significant difference in the incidence of major bleeding 

(0.7% vs 0.3%, respectively) [24,25].Briefly, single daily oral administration of rivaroxaban 

was more effective than enoxaparin in North American and European doses in the prevention 

of VTE after major orthopedic interventions [25]. 

For orthopedic patients who will not be operated having various forms of 

immobilizations, the results of the MAGELLAN and MARINER trials are of clinical 

importance [26, 27]. In MAGELLAN study with hospitalized medically ill patients, 

rivaroxaban 10 mg daily was non-inferior to enoxaparin 40 mg daily, while rivaroxaban 

during 35 days was superior to enoxaparin (administered for 10 days) for the prevention of 

VTE [26]. In MARINER study with medically ill patients at increased risk for VTE, after 

discharge thromboprophylaxis with rivaroxaban 10 mg daily resulted in lower incidence of 

nonfatal VTE compared to placebo (0.18% vs. 0.42%; HR 0.44; 95%CI, 0.22-0.89). 

Composite of symptomatic VTE or VTE-related death and rates of major bleeding were 
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comparable between rivaroxaban and placebo [27]. FDA approved rivaroxaban 10mg once 

daily in acutely ill, hospitalized patients at increased risk for VTE, but not at high risk of 

bleeding [28]. 

 

Safety of rivaroxaban administration 

Cumulative analysis of all four RECORD studies registered a greater incidence of 

significant ("major") and clinically relevant ("non-major") bleeding in the rivaroxaban treated 

group compared to enoxaparin [24]. In RECORD trials calculation of bleeding did not 

include bleeding from the site of surgery, although it may contribute to major bleeding, 

wound infection and the need for reoperation [23,24]. 

Rivaroxaban was demonstrated to be more effective than enoxaparin, but with a 

significantly higher rate of major and clinically relevant "non-major" bleeding [25]. By 

reviewing 89 publications, rivaroxaban was found to be non-inferior to enoxaparin in 

thromboprophylaxis after major orthopedic surgery [18]. A meta-analysis of eight 

randomized clinical studies with 15,596 patients after elective hip and knee surgery showed 

that patients treated with rivaroxaban had a lower rate of VTE and a lower overall mortality 

by 44% (RR 0.56; 95%CI 0.39-0.80) compared to enoxaparin. However, prophylaxis with 

rivaroxaban caused an increased risk of major bleeding by 65% (RR 1.65; 95%CI 0.93-2.93) 

and clinically relevant bleeding by 21% (RR 1.21; 95%CI 0.98 -1.5), which was not 

statistically significant [29]. 

Contraindications for the use of rivaroxaban are: hypersensitivity to the active 

substance, clinically significant active bleeding, liver disease associated with coagulopathy 

and clinically significant bleeding risk, renal insufficiency defined by creatinine clearance 

<15 ml/min, concomitant therapy with anticoagulant drugs, pregnancy and lactation [21,24]. 
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APIXABAN 

Pharmacotherapy group and ATC classification 

Apixaban belongs to the B01AF subgroup of direct factor Xa inhibitors within the 

B01A group of antithrombotic drugs [19]. 

 

A brief history of the drug 

Since 2007, the synthesis of apixaban has been achieved in collaboration with Bristol-

Myers Squibb and Pfizer [30]. It has been approved in Europe since 2012 for the prevention 

of VTE after THR and TKR. The FDA approved apixaban to reduce the risk of thrombosis 

after THR and TKR in 2014. 

 

Pharmacodynamics 

Mechanism of action of the drug 

Apixaban is an oral, selective, reversible, direct factor Xa inhibitor that blocks the 

central protease of the coagulation pathway of factor X, common for the intrinsic and 

extrinsic pathway of the coagulation cascade. Apixaban inactivates the free factor Xa and for 

the clot connected factor Xa and prothrombinase complex, responsible for the conversion of 

prothrombin into thrombin, thereby reducing the formation of thrombin, but not affecting the 

existing levels of thrombin [31]. Apixaban incompletely inhibits thrombin production by 

reversibly binding to factor Xa, allowing the formation of a small amount of thrombin needed 

for the physiological regulation of haemostasis. Consequently, apixaban has a lower risk of 

bleeding compared with direct thrombin inhibitors [31]. 

 

Pharmacokinetics 

After oral administration, the maximum concentration of apixaban is achieved after 3-

4 hours, and stable concentrations are expected on the third day. Absolute bioavailability is 
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around 50% for doses up to 10 mg [32]. Food intake does not affect AUC or Cmax of apixaban 

at a dose of 10 mg, thus the drug can be taken independently of the meal [32]. 

Apixaban is 87% bound to plasma proteins, and the volume of distribution is 21 L 

(Table 1) [32]. 

It is eliminated by multiple pathways (urinary in 27%, non-renal pathways in 73%, 

mainly fecal and by bile) [36]. The drug metabolism is mediated by CYP3A4/5 and partly via 

CYP1A2, 2C8, 2C9, 2C19 and 2J2 isoenzymes [32]. The total clearance is 3.3 L/h and the 

half-life is 12 hours [32]. 

 

Intereactions 

Multiple elimination pathways suggest that the potential for the interaction of 

apixaban and other drugs is relatively low [31]. The concomitant use of potent CYP3A4 and 

P-gp inhibitors, such as azole antimycotics (e.i. ketoconazole, itraconazole, etc.) and HIV 

protease inhibitors (e.i. ritonavir) are not recommended, while inducers such as phenytoin, 

carbamazepine, phenobarbital and St. John’s wort can be used with increased caution because 

they decrease the plasma concentration of apixaban and reduce its effect [31]. 

 

Clinical pharmacology 

Dosage and indications 

Apixaban is indicated for primary VTE prophylaxis after THR and TKR at a dose of 

2.5 mg twice daily, with a first dose intake 12-24 hours after surgery. The recommended 

therapy after THR is 32-38 days, and after TKR 10-14 days [32]. 
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Efficacy 

ADVANCE-I (Apixaban Dose Orally Vs. ANtiCoagulation with Enoxaparin), a 

randomized non-inferiority study performed in 3195 patients after TKR, compared the 

administration of apixaban at a dose of 2.5 mg twice daily to enoxaparin 30 mg twice daily 

during 10-14 days. The incidence of total VTE and all-cause mortality (primary efficacy 

outcome) was comparable in both investigated groups with a similar frequency (9.0% vs. 

8.8%) [24,25]. 

In the ADVANCE II randomized non-inferiority study involving 3057 patients after 

TKR apixaban at a dose of 2.5 mg twice daily (initiated 12-24 hours after surgery) was 

compared to enoxaparin in European doses, 40 mg once daily (introduced 12 hours 

preoperatively). The primary efficacy outcome (total VTE and all-cause mortality) was 

observed at a significantly lower rate in patients treated with apixaban compared to 

enoxaparin (15.1% vs. 24.4%, p = 0.001, respectively). 

In ADVANCE III study, prophylaxis of VTE in patients undergoing THR, primary 

outcome was registered in 1.4% of patients treated with apixaban and 3.9% treated with 

enoxaparin in European doses of 40 mg daily (p <0.001) [33]. 

Concerning the previous studies on the efficacy of apixaban in the prevention of VTE, 

one can conclude that the superiority and comparable safety profile of apixaban versus 

European doses of enoxaparin (40 mg once daily) was demonstrated, but apixaban was not 

effective enough compared to the North American doses of enoxaparin (30 mg twice daily) 

[25]. Efficacy of apixaban at a dose of 2.5 mg twice daily in the prevention od VTE in 

patients undergoing THR and TKR in ADVANCE II and ADVANCE III were not followed 

by significant increase in the degree of major and clinically relevant bleeding [34].        

The results of the meta-analysis of Gómez-Outes et al, indicated that rivaroxaban had 

a significantly lower risk of symptomatic VTE compared to enoxaparin (RR 0.48; 95%CI; 
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0.31-0.75; p = 0.001); compared to insignificant decrease with apixaban (RR 0.82; 95% CI; 

0.41-1.64; p = 0.57) and dabigatran (RR 0.71; 95% CI; 0.23-2.12, p = 0.54), with more 

frequent clinically relevant bleeding with rivaroxaban (RR 1.25; 95%CI 1.05-1.49, p = 0.01) 

and dabigatran, but less often with apixaban (RR 0.82; 95%CI; 0.69-0.98; p=0.03) [35]. 

Another meta-analysis with 20 studies and 38507 patients demonstrated a risk of total VTE 

significantly lower with apixaban (RR 0.62; 95%CI; 0.47-0.81, p = 0.001) and rivaroxaban 

(RR 0.7; 95%CI 0.6-0.81, p <0.001) compared to enoxaparin [36]. 

Risk of VTE and total mortality is significantly reduced by both rivaroxaban (RR 

0.56; 95%CI 0.39-0.80, p=0.002), and apixaban (RR 0.63; 95%CI 0.42-0,95; p=0.03) [35]. 

When data obtained for total symptomatic VTE were analyzed separately for symptomatic 

DVT and pulmonary embolism, both rivaroxaban (RR 0.4; 95%CI 0.22-0.72; p=0.002) and 

apixaban (RR 0.41; 95%CI 0.18-0.95; p=0.04) significantly reduced the risk of DVT [35]. 

In the meta-analysis of Gómez-Outes et al, apixaban significantly increased the risk of 

symptomatic PTE following knee arthroplasty compared to enoxaparin (RR 2.56, 95% CI 

1.1-5.98; p = 0.03), unlike rivaroxaban showing an insignificant trend in the reduction of 

symptomatic PTE (RR 0.89; 95%CI 0.3-2.67, p=0.84) [35]. However, metaanalysis of Ma 

Guofeng et al. on six randomized studies with 13,790 patients pointed out that there was no 

significant difference in the incidence of PTE after knee arthroplasty between apixaban and 

enoxaparin,  (RR 2.0; 95%CI, 0.97-4.12, p=0.06) as well as between apixaban and 

enoxaparin in larger North American prophylactic doses of 30mg b.i.d. (RR 1.65; 95% CI, 

0.77-3.54, p=0.2) [37]. In addition, the same meta-analysis did not find significant difference 

between rivaroxaban and enoxaparin in the incidence of pulmonary embolism [37]. 
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Safety profile of apixaban 

The rate of all bleeding and major bleeding of ADVANCE-I, was lower in patients 

treated with apixaban compared to enoxaparin, with the difference even becoming significant 

for composite of major and clinically relevant non-major bleeding (2.9% vs. 4.3%, p = 0.03) 

[24,25]. 

ADVANCE II and ADVANCE III study showed a comparable rate of bleeding in the 

group treated with apixaban and enoxaparin, also in the case of significant bleeding [23,33]. 

The duration of prophylaxis with apixaban was consistent with guidelines, 32-38 days 

after hip surgery and 10-14 days after knee surgery [33].  

When compared to enoxaparin administered at a dose of 30 mg b.i.d. subcutaneously 

and commenced 12-24 hours after surgery, in patients with elective hip operation in 

ADVANCE I study, apixaban showed that it did not meet the criteria of non-inferiority 

compared to enoxaparin but that it had a lower rate of bleeding [32]. ADVANCE trials with 

apixaban included bleeding from the site of the surgical incision [25]. 

The results of comparison between apixaban 2.5 mg b.i.d. for 30 days and enoxaparin 

40 mg q.d. for 6-14 days in thromboprophylaxis of non-surgical patients (ADOPT study - 

Apixaban Dosing to Optimize Protection from Thrombosis), indicated that there was no 

statistically significant difference in the rate of symptomatic DVT but showed significantly 

higher degree of major bleeding in apixaban group [38]. 

When major and non-major clinically relevant bleeding in patients treated with 

apixaban and enoxaparin are analyzed separately, only trends towards fewer bleeding in 

patients treated with apixaban are observed [38]. In comparison with enoxaparin, the risk of 

significant major or clinically relevant non-major bleeding is higher with rivaroxaban (RR 

1.52; 95% CI; 1.14-2.02, p = 0.004), while comparable bleeding rates with apixaban and 

enoxaparin were demonstrated after arthroplastic surgery [36,39].  
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Apixaban is contraindicated in patients with allergy to apixaban and substances 

present in the form of a final drug, those with severe hepatic impairment followed by 

coagulopathy and clinically relevant bleeding risk, and clinically significant active bleeding 

[32,33]. Apixaban is not recommended in severe renal insufficiency with creatinine clearance 

< 15 ml/min. Caution is advised in patients with creatinine clearance of 15-30 ml/min [33]. 

 

The advantages of rivaroxaban and apixaban over other drugs from the same ATC 

group 

Oral administration is the advantage of rivaroxaban and apixaban compared with 

indirect factor Xa inhibitors (fondaparinux, LMWH and UFH) requiring parenteral 

administration [31]. A lower number of interactions with drugs and foods, the absence of the 

need for routine laboratory monitoring and a more stable and predictable therapeutic effect 

have advantages over VKA [13,32]. Direct inhibitors directly bind to the catalytic site of 

factor Xa (rivaroxaban and apixaban), while indirect inhibitors (fondaparinux, LMWH and 

idraparinux) bind to antithrombin and potentiate antithrombin mediated anti-Xa activity [31].  

 

Section from the guidelines for the prevention of vte with focus on 

Rivaroxaban and apixaban 

In addition to the previously known drugs (i.e. VKA, LMWH), apixaban, dabigatran, 

rivaroxaban and fondaparinux are recommended for patients undergoing elective knee 

arthroplasty at least 10–14 days and for elective hip artoplasty 35 days optimally, according to 

American College of Chest Physicians guidelines, Thrombosis Canada and National Institute 

for Health and Care Excellence guidelines [23, 40, 41]. 

The development of anticoagulant drugs of higher quality enables, depending on the 

characteristics of the patients and the particular pharmacokinetic properties of each drug, 
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better therapy individualization than before the appearance of new anticoagulants. The most 

important pharmacokinetic characteristics of these new anticoagulant drugs are provided in 

Table 1 [21, 32, 42, 43]. 

In the event of moderate bleeding caused by the use of apixaban and rivaroxaban, 

local hemostasis measures and standard general hemorrhage measures with supstitution of 

certain blood products are taken. In case of life-threatening bleeding for patients treated with 

rivaroxaban and apixaban, andexanat alfa, a first-in-class recombinant modified factor Xa 

protein, has been approved in Europe and the USA for reversal of anticoagulant activity 

[44,45]. Currently, use of andexanet alfa is limited due to the availability and cost. 

Prothrombin complex concentrate, activated prothrombin complex concentrate and 

recombinant activated factor VIIa may be also administered [45].   

 

CONCLUSION 

 In conclusion, rivaroxaban, a selective oral factor Xa inhibitor, is more effective than 

enoxaparin administered in both of the mentioned regimens in VTE prophylaxis in major 

orthopedic interventions. Although some studies state that there is no difference in the 

incidence of hemorrhagic complications, certain metaanalyses have shown a greater 

incidence of haemorrhage with rivaroxaban. Apixaban, an oral reversible factor Xa inhibitor, 

has proved more effective in the prevention of VTE compared to European doses of 

enoxaparin, and almost as effective as North American doses. No significant differences in 

bleeding rates have been identified, although one study (ADVANCE I) indicates a lower 

incidence of bleeding in those treated with apixaban [24]. 

New research is required in order to clarify the contradictory results of certain 

statistical analyzes in recent meta-analyzes comparing the mentioned factor X inhibitors and 
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the different regimens of comparator enoxaparin, related to the risk of symptomatic PTE and 

overall bleeding after major orthopedic surgeries [35-37]. 

It remains a challenge for future studies and clinical practice to determine the place of 

factor Xa inhibitors, rivaroxaban and apixaban in the prophylaxis of VTE, to define 

undoubted benefits and to remedy their deficiencies, bearing in mind the pharmaco-economic 

aspect and the unavoidable social dimension of VTE as one of the leading causes of mortality 

and morbidity in the world. 

 

Note: this paper is an integral part of the project: Research of pathological and morphological 

lesions of: congenital and acquired heart diseases (and their pulmonary circulation), 

myocardium and coronary blood vessels, Department of Medical Sciences of the Serbian 

Academy of Sciences and Arts and the project 173008 from 2011: "Complex diseases as a 

model system for research the modulation phenotype-structural analysis of molecular 

biomarkers" under the auspices of the Ministry of Science of the Republic of Serbia. 
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Table 1: Pharmacokinetic characteristics of new anticoagulant drugs 

Characteristic

s 
RIVAROXABAN APIXABAN 

Absorption 
High bioavailability 

80–100% 

Medium bioavailability 

50% 

Half life 5–9h
*
/11–13h

**
 12h (8–15h) 

Renal 

elimination 
33% 27% 

Hepatic 

elimination 
67% 73% 

*
generally in young healthy individuals  

**
generally in the elderly 
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Figure 1. The mechanism of action of anticoagulant drugs. 

 


