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Abstract Rivaroxaban, dabigatran, apixaban and edoxa-
ban are the four available new oral anticoagulants (NOAC)
which are currently approved for venous thromboembolism
prophylaxis after total hip and knee replacement. Large
phase 3 and phase 4 studies comparing NOAC with low
molecular weight heparins have shown similar results
regarding the efficacy and safety of these two categories of
anticoagulants. Management of bleeding complications is a
matter of great significance. Three reversal agents have
been developed: idarucizumab, andexanet alfa and cira-
parantag. Idarucizumab is now commercially available.
Regarding the perioperative management of NOAC, two
main scientific groups have published their own recom-
mendations. The European Heart Rhythm Association
recommends 48-h period of stoppage preoperatively for
factor Xa inhibitors and at least 3 or 4 days for dabigatran,
while the French Study Group on Thrombosis and Hae-
mostasis recommends 5-day discontinuation for all NOAC.

P< Dimitrios V. Papadopoulos
di_papadopoulos @yahoo.gr

Ioannis Kostas-Agnantis
ioanniskostas @hotmail.com

Toannis Gkiatas
john.gkiatas @gmail.com

Andreas G. Tsantes
andrew.tsantes @hotmail.com

Panagiota Ziara
tagio7 @yahoo.gr

Anastasios V. Korompilias

koroban1960@ gmail.com

Department of Orthopedics, University Hospital of Ioannina,
Stavros Niarchos Avenue, 45500 Ioannina, Greece

Karaoli Kai Dimitriou 5, 45332 Ioannina, Epirus, Greece

Conventional clot tests can only be used as rough indica-
tors for laboratory assessment of the activity of NOAC.
Specific laboratory tests have been developed for more
accurate measurements of NOAC blood levels, including a
dilute thrombin time test (Hemoclot test) and the ecarin
clot test for dabigatran and chromogenic anti-factor Xa
assays for direct factor Xa inhibitors. Due to the beneficial
properties of NOAC, these drugs are gaining ground in
daily orthopaedic practice, and many studies are being
conducted in order to extend the indications of these anti-
coagulants agents.
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Background

Venous thromboembolism (VTE), including both deep
vein thrombosis (DVT) and pulmonary embolism (PE), is a
serious and life-threatening complication after major
orthopaedic surgeries. Without VTE prophylaxis, the
incidence of symptomatic VTE after major orthopaedic
surgery is considered to be up to 4.3% in the first 35
postoperative days [1, 2]. It is estimated that in 2030, the
annual number of performed total hip arthroplasties (THA)
and total knee arthroplasties (TKA) will be 570,000 and
3.48 million, respectively [3]. These huge numbers
emphasize the need for new, simple and effective methods
of thromboprophylaxis.

The traditional anticoagulants which are used for the
prevention of VTE in orthopaedics include unfractioned
heparin (UFH), low molecular weight heparins (LMWH),
vitamin K antagonists (VKA) and aspirin. In 2005, a new
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synthetic pentasaccharide factor Xa inhibitor called fon-
daparinux was approved for the prevention of VTE after
major orthopaedic procedures. Despite the wide use of all
these agents, each one of them has certain disadvantages.
VKA, for example, have a delayed onset of action and a
narrow therapeutic window; LMWH are administrated
subcutaneously, and they may result in HIT (heparin-in-
duced thrombocytopenia); and fondaparinux is not rec-
ommended for patients <50 kg and >75 years [4-6]. All
these disadvantages lead to low compliance of patients and
orthopaedic surgeons with the recommended thrombopro-
phylaxis guidelines.

During the last decade, a growing trend for the use of
new anticoagulants has been evolved. The new oral anti-
coagulants (NOAC) intervene in the cascade of coagulation
and inhibit its pathways through two different mechanisms

: Direct Xa inhibitors:

i Rivaroxaban

(Fig. 1). Currently, the use of these new anticoagulants
comes with some scepticism, mainly about their safety.

The three oral anticoagulants which are mainly used in
orthopaedics today are rivaroxaban, dabigatran and apixa-
ban. Recently, three phase 3 trials regarding the use of a
fourth oral anticoagulant called edoxaban after THA, TKA
and hip fracture surgeries have been published [7-9].
Rivaroxaban, apixaban and edoxaban are direct factor Xa
inhibitors, while dabigatran is a direct thrombin inhibitor
(Table 1). Rivaroxaban and apixaban are approved by the
European Medicines Agency (EMA) and by the US Food and
Drug Administration (FDA) for thromboprophylaxis after
TKA and THA, while dabigatran has not been approved in
USA yet. Edoxaban has been approved in Japan since 2011
for the prevention of VTE following major orthopaedic
procedures, but not yet in USA and Europe.
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Fig. 1 Anticoagulation mechanism of action of NOAC
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Table 1 Chemical and pharmacological properties of direct oral anticoagulants
NOAC Rivaroxaban Dabigatran Apixaban Edoxaban
Target molecule Xa IIa Xa Xa
Dosage 10 mg x 1 220 mg x 1 2.5 mg x 2 30 mg x 1
(150 mg CrCl 30-50 ml/min)
1st dose postoperatively 6-10 h 1-4 h 12-24 h 624 h
10 mg 110 mg (75 mg CrCl 30-50 ml/min) 2.5 mg 30 mg
Bioavailability 80% 6% 50% 60%
T2 (h) 9-13 12-14 8-15 9-11
Renal excretion 66% 80% 25% 35%
Drug interactions Inhibitors and inducers Inhibitors and inducers Inhibitors and inducers Inhibitors and inducers
CYP3A4, P-gp P-gp CYP3A4, P-gp P-gp

NOAC are now included in clinical practice guidelines
for thromboprophylaxis after orthopaedic surgeries by
several scientific organizations such as the American Col-
lege of Chest Physicians (ACCP), the American Academy
of Orthopaedic Surgeons (AAOS), the National Institute
for Health and Care Excellence (NICE), the Scottish
Intercollegiate Guidelines Network (SIGN) and the Aus-
tralian National Health and Medical Research Council
(NHMRC), though these recommendations mainly refer to
prophylaxis after hip and knee replacement [1, 10-13]
(Table 2).

Main text

Rivaroxaban

Rivaroxaban, a direct factor Xa inhibitor, is one of the new
oral anticoagulants approved by FDA in 2011 and also by

Table 2 Current thromboprophylaxis guidelines including NOAC

EMA in 2008 for the prevention of VTE after THA and
TKA in a dose of 10 mg, 6-10 h postoperatively after
cautious haemostasis has been obtained.

Intestinal transport of rivaroxaban is carried out through
a transporter protein, called P-glycoprotein (P-gp), and is
metabolized in liver by cytochrome P450 enzymes
(CYP3A4/5 and CYP2J2). Approximately 66% of the drug
is renally excreted (about 36% of which is excreted as
intact product), and the rest is excreted through faeces as
unchanged product'®. Rivaroxaban reaches peak concen-
tration in blood and has its maximum anti-factor Xa action
(20-80%) 2-3 h after administration, and its half-life
elimination time is 9-13 h [14—17]. Use of rivaroxaban in
patients with CrCl < 30 ml/min (severe renal impairment)
has not been studied, while in patients with mild or mod-
erate renal insufficiency, its use is not contraindicated.
Rivaroxaban is also contraindicated in patients suffering
from moderate to severe hepatic insufficiency which results

Guidelines Total knee arthroplasty Total hip arthroplasty
NOAC Duration NOAC Duration
ACCP Rivaroxaban 10-14 days* Rivaroxaban 10-14 days*
Dabigatran Dabigatran
Apixaban Apixaban
AAOS Unable to recommend specific ~ Duration must be Unable to recommend specific ~ Duration must be
anticoagulants instead of individualized but at east anticoagulants instead of individualized but at east
others for 10 days others for 10 days
NICE Rivaroxaban 10-14 days Rivaroxaban 28-35 days
Dabigatran Dabigatran
Apixaban Apixaban
SIGN Rivaroxaban The ideal duration is not Rivaroxaban The ideal duration is not
Dabigatran established Dabigatran established
NHMRC  Rivaroxaban Until 14 days Rivaroxaban Until 35 days
Dabigatran Dabigatran

* It is recommended to extend duration of thromboprophylaxis up to 35 days
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in higher concentration levels, and consequently in higher
prolongation of PT.

In general, rivaroxaban does not interact with other,
widely used drugs. No drug-drug interaction has been
observed in co-administration with aspirin, naproxen,
digoxin, atorvastatin, H2 antagonists and antacids, though in
arecent study co-administration with NSAID’s was found to
lead to increased postoperative haemorrhage. Drugs that
inhibit the enzyme CYP3A4 and the protein P-gp result in
higher levels of rivaroxaban and consequently increase the
risk of bleeding. Such drugs are various anti-fungals like
ketoconazole and HIV protease inhibitors. Conversely,
drugs that induce CYP3A4 and P-gp have the opposite effect
in the activity of rivaroxaban [18].

Regarding the use of rivaroxaban in orthopaedics, four
major phase 3 randomized clinical trials (RECORD—
Regulation of Coagulation in Orthopaedic Surgery to Pre-
vent DVT and PE) and recently one phase 4 study
(XAMOS) have been conducted [19-23]. The purpose of
all these studies was to compare the efficacy and safety of
rivaroxaban to those of enoxaparin in prevention of VTE.
Two phase 3 studies (RECORD 1,2) were including
patients after THA, and the other two were including
patients after TKA (RECORD 3,4). In all these 4 trials, a
superiority of rivaroxaban compared to enoxaparin in
prevention of VTE after TKA and THA was found,
something that is also evident in several meta-analyses of
these studies. Another outcome of these trials was that the
incidence of postoperative bleeding in patients who
received rivaroxaban was increased, though this increase
was not statistically significant [24-27]. Conversely, there
are meta-analyses of these trials which showed that this
superior efficacy of rivaroxaban in prevention of VTE
(including fatal events) was due to prevention of DVT
only, while as far as the incidence of PE or postoperative
death is concerned, the rates were similar for rivaroxaban
and enoxaparin [27-29].

Recently, the first real-world phase 4 trial about the
efficacy and the safety of rivaroxaban after THA and TKA
was published (XAMOS). This study, as well as other real-
world studies, confirmed the successful profile of rivarox-
aban. Interestingly, in some of these studies rivaroxaban
was found to be even safer, or at least had similar safety
compared to LMWH concerning major bleeding events
[30-34]. On the other hand, there are 7 other real-world
studies which found that rivaroxaban resulted in a higher
incidence of postoperative haemorrhage (either major or
minor) and in more surgical site complications such as
haematoma, wound dehiscence, superficial infection and
even periprosthetic infection which often led to a second
operation [35—41].

Rivaroxaban is the only new oral anticoagulant the
safety and efficacy of which have been evaluated after
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other orthopaedic procedures, apart from joint replacement.
In the XAMOS extended study, the efficacy and safety of
rivaroxaban in patients after hip and lower limb fracture
surgery were assessed. Rivaroxaban had similar efficacy
and safety in prevention of VTE compared to that of other
types of anticoagulants [42]. In another study, in which
rivaroxaban was compared with LMWH in patients after
lumbar spine surgery, rivaroxaban showed to be as efficient
and safe as LMWH [43]. The ERIKA trial is a recently
published phase 2 trial evaluating the efficacy of rivarox-
aban after knee arthroscopy. The results of the study
showed that a 7-day course of rivaroxaban is safe and
efficient, though a larger trial is needed to verify these
results [44].

To sum up the results of all these studies, many out-
comes seem to be controversial and inconclusive, espe-
cially concerning the safety of rivaroxaban. Nevertheless,
all studies agree about the superior or at least similar
efficacy of rivaroxaban compared to enoxaparin in pre-
vention of VTE, and consequently many of these studies
conclude that the comparative results between the pros and
cons of rivaroxaban are in favour of its use [45]. The
proven efficacy of rivaroxaban led this drug to be a widely
accepted option for thromboprophylaxis, despite the
slightly increased risk of postoperative bleeding and wound
complications.

Dabigatran

Dabigatran has a different mechanism of anti-thrombotic
action compared to rivaroxaban. It is a direct inhibitor of
thrombin and subsequently inhibits the formation of fib-
rinogen to fibrin, as well as the accumulation of platelets.
Dabigatran has been approved in Europe since 2008 for the
prevention of VTE after THA and TKA in a dosage of
220 mg (110 mg on the day of surgery, 1-4 h postopera-
tively). For patients with moderate renal insufficiency,
>75 years or for those receiving amiodarone or quinidine,
a reduced dosage of 150 mg (75 mg on the day of surgery)
is recommended. Dabigatran is now approved for throm-
boprophylaxis after THA and TKA in more than 100
countries, but not in USA yet.

It is administrated as a prodrug, the dabigatran etex-
ilate, which is hydrolysed and converted to its active
form, dabigatran. Dabigatran is metabolized through liver
microsomal carboxylesterases, and the transporter protein
P-glycoprotein (P-gp) also participates in its absorption
process. Contrary to rivaroxaban, the enzymes of cyto-
chrome P450 do not have a role in metabolism of
dabigatran. It has a mean terminal half-life of 12—14 h,
peak blood concentrations are being reached 2 h after
consumption, and about 80% of the drug is renally
excreted. In patients with moderate renal insufficiency
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(30 ml/min < CrCl < 50 ml/min), half-life time is pro-
longed to 27-28 h and a decreased dose of 150 mg/day
is recommended, while in patients with severe renal
insufficiency (CrCl < 30 ml/min), dabigatran is
traindicated. It is also contraindicated in patients with
doubled levels of liver enzymes [46]. Dabigatran inter-
acts with drugs that inhibit the transporter protein P-gp,
and so co-administration with these drugs results in
increased blood concentrations of dabigatran. On the
other hand, drugs like rifampicin and phenytoin have the
reverse effect [47].

Four major randomized clinical trials and several meta-
analyses of these trials have been conducted regarding the
efficacy and safety of dabigatran in prevention of VTE
after THA and TKA (RENOVATE, RENOVATE 2,
REMODEL and REMOBILIZE) [48-51]. These 4 trials
showed that dabigatran in a dose of 220 mg has similar
efficacy when compared to 40 mg of enoxaparin in pre-
vention of VTE, but not when compared to the North
American dosage of enoxaparin which is 30 mg twice
daily. The incidence of postoperative bleeding was similar
for the two drugs [6, 52].

Wolowacz et al. [53] in a recent meta-analysis of the
REMODEL, REMOBILIZE and RENOVATE trials sup-
ported the individual results of these studies about the
efficacy and safety of dabigatran, though he mentioned that
the heterogeneity of these studies may not allow to reach
safe conclusions. A recent pooled analysis of RENOVATE
and RENOVATE 1I studies by Eriksson et al. [52] also
added to the evidence base for the safe and efficient use of
dabigatran. To date, a certain number of real-world studies
have been conducted about the use of dabigatran, though
not as many as for rivaroxaban. The largest real-world
observational study including 5292 patients after THA and
TKA was recently published. The results of this study
confirmed the successful outcomes of dabigatran in a real-
world orthopaedic setting [54]. In some of these real-world
studies, the efficacy of dabigatran was found to be similar
to that of LMWH with even lower rates of postoperative
bleeding, while that of other dabigatran resulted in a higher
incidence of VTE [55-57]. Furthermore, some studies
showed that dabigatran may lead to a higher incidence of
wound leakage subsequently resulting in an increased
length of stay, but this was not evident in other studies
[56, 58, 59].

It seems that the current body of the literature about
the efficacy and safety of dabigatran is somewhat con-
troversial. While most studies agree that dabigatran has
similar efficacy with enoxaparin in prevention of VTE (at
least for the dosage of 220 mg) with concomitant similar
safety regarding postoperative haemorrhage, there are
some studies that link dabigatran to various postoperative
complications such as wound bleeding and secretion.

con-

Apixaban

Apixaban, like rivaroxaban, is another direct factor Xa
inhibitor. It was approved by the European agency (EMA)
in 2011 and recently in 2014 by the US organization (FDA)
as a prophylactic agent for the prevention of VTE after
THA and TKA in a dose of 2.5 mg every 12 h, with the
first dose received 12-24 h postoperatively.

Although it would be more than expected for apixaban
to have similar pharmacokinetic properties with those of
rivaroxaban, this is not totally true [60]. Its bioavailability
after oral administration is 50%, and peak concentrations in
blood are being achieved 3—4 h after administration. The
half-life elimination time is 8—15 h, while only 25% of the
drug is renally excreted. Nevertheless, in patients with
severe renal insufficiency (CrCl < 15-30 ml/min), apixa-
ban must be used very cautiously, while in patients with
CrCl < 15 ml/min, apixaban is contraindicated as well as
in patients with severe hepatic insufficiency [60, 61].
Metabolism of apixaban is achieved through the transporter
protein P-gp and the cytochrome P450 enzyme CYP3A4.
Subsequently, drugs that induce or inhibit the activity of
those also affect the activity of apixaban.

Three major phase 3 clinical trials (ADVANCE 1,
ADVANCE 2 and ADVANCE 3) as well as many reviews
and meta-analyses concerning the use of apixaban after
TKA and THA have been conducted [62—-64]. These three
trials confirmed the safe and efficient use of apixaban in
patients after TKA and THA for the prevention of VTE. A
worthy mentioned point of these studies is that the Euro-
pean dosage of enoxaparin (40 mg daily) showed to be less
effective than apixaban, while this was not true for the
North American regime (30 mg twice a day) which was
used in ADVANCE 1 study. This increased dose of
enoxaparin, though, led to higher rate of postoperative
bleeding.

Another interesting outcome was noted in many meta-
analyses, in which apixaban appeared to be more effective
only in the prevention of DVT, and not in PE [28, 65, 66].
Furthermore, Villa et al. [67] based on his meta-analysis
considered that the results of the phase 3 clinical trials do
not support the undeniable superiority of apixaban com-
pared to enoxaparin and additionally that there was a trend
for a higher incidence of PE and deaths in the enoxaparin
group. In conclusion, apixaban seems to be more safe and
effective than enoxaparin (at least for the European dosage)
in prevention of VTE after THA and TKA, with some
concerns about its efficacy in prevention of PE [68, 69].

Edoxaban

Edoxaban is the newest oral anticoagulant which has been
used for the prevention of VTE after joint replacement and
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hip fracture surgery. It is also a factor Xa inhibitor and so
far has been approved in USA and Europe (2015) to reduce
the risk of stroke and dangerous blood clots (systemic
embolism) in patients with atrial fibrillation. Although
similar approval has not been obtained for the prevention
of VTE after major orthopaedic procedure, edoxaban has
been used for this cause in Japan and other Asian countries
in a dose of 30 mg once daily, 6-24 h after the surgery.

Edoxaban is mainly metabolized by hydrolysis, and its
intestinal transport also occurs through P-gp. The
bioavailability of edoxaban is approximately 60%. Unlike
rivaroxaban and apixaban, only a slightest portion of the
drug is metabolized by cytochrome P450 [70]. Drug
interactions occur only after concomitant use with P-gp
inhibitors and inducers. Edoxaban has a half-life of
approximately 9-11 h, while peak concentrations in
plasma are being reached 1-2 h after administration. About
35% of the elimination of the drug occurs through kidneys,
and the rest is excreted through faeces. Most of the drug is
excreted unchanged. A dose reduction is recommended in
patients with moderate renal impairment (CrCl < 50 ml/
min) [15, 70].

Three phase 3 clinical trials about the use of edoxaban
for the prevention of VTE after knee and hip replacement,
as well as after hip fracture surgery have been conducted
[7-9]. Edoxaban showed to be more effective than
enoxaparin for the prevention of VTE after TKA and THA.
Additionally, adequate prophylaxis after hip fracture sur-
gery was achieved with edoxaban. The incidence of
bleeding events in these studies was lower for edoxaban
after THA and hip fracture surgery, but not after TKA.
Nevertheless, the safety of edoxaban after TKA was sta-
tistically similar to that of enoxaparin. All these phase 3
trials enrolled substantially lower number of patients
compared to the phase 3 trials of the other NOAC, and also
the total duration of thromboprophylaxis was shorter.
Another concern is the fact that these studies were con-
ducted mainly in Japan, where the somatometric charac-
teristics of the population are different to those of Western
population.

Although the use of edoxaban after major orthopaedic
procedures based on the results of current studies seems
promising, larger studies including patients from Western
countries are needed in order to reach safe conclusions.

Management of bleeding

Management of bleeding complications includes general
measurements, administration of coagulation factors and
administration of drug-specific reversal agents. General
measurements consist of drug discontinuation, adminis-
tration of activated charcoal (if last dose <2 h), mechanical
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compression, surgical haemostasis, replacement of fluids
and RBC transfusion. Coagulation factors can be admin-
istrated in the form of FFP (fresh frozen plasma), although
this has several disadvantages. These disadvantages can be
overcome with the use of prothrombin complex concen-
trates (PCC) and recombinant-activated factor VII. Three
different PCC products (a 3-factor PCC, a 4-factor PCC
and an activated PCC) and one recombinant-activated
factor VII are commercially available [71, 72]. Today, the
4-factor PCC is mainly used, while the results of the rest
PCC and rFVIIa remain unclear.

The last category of drugs includes three new agents:
idarucizumab, andexanet alfa and ciraparantag. Idaru-
cizumab is a humanized mouse monoclonal antibody
fragment that binds specifically to dabigatran. It is the first
of the specific reversal agents approved by FDA (October
2015) and EMA (November 2015) [73]. Andexanet alfa is
the second specific reversal agent which is used for
reversion of the anti-thrombotic activity of factor Xa
inhibitors like rivaroxaban and apixaban. It is a recombi-
nant modified factor Xa molecule. This modification results
in lack of its coagulation activity, but the native structure of
the molecule remains and so it can bind directly to factor
Xa inhibitors [74]. Two parallel phase 3 trials showed that
andexanet alfa effectively reversed the anticoagulant
activity of factor Xa inhibitors, without clinical toxic
effects [75]. A phase 4 study (ANNEXA-4) has been
designed, and its results in the real-world environment will
provide vital information about the efficacy and safety of
this antidote. Ciraparantag is the newest agent of this cat-
egory and has the advantage that can neutralize the activity
of all classes of NOAC as well as of UFH, LMWH and
fondaparinux. This universal antidote is a small, synthetic,
water-soluble molecule that binds to direct inhibitors of
factor Xa and ITa [74]. These three agents look promising,
but the relatively small number of enrolled patients in
phase 2 and 3 trials emphasizes the need for real-world
studies [75].

Laboratory assessment

Regarding the laboratory assessment of the activity of
NOAC, conventional clot tests such as prothrombin time
(PT), activated partial thromboplastin time (aPTT) and
thrombin time (TT) can only be used as rough indicators,
because they lack sensitivity and the relationship of the
values of these tests with the levels of blood concentrations
is not linear (Table 3). The PT test can only be used to
detect levels in blood and to roughly quantify the activity
of rivaroxaban and edoxaban, while TT and aPTT tests can
be used for dabigatran detection, as normal values of these
tests suggest absence or low levels of dabigatran. The
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Table 3 Laboratory assessment of NOAC

Test Rivaroxaban Dabigatran Apixaban Edoxaban

PT Rough indicator Unsuitable assay Unsuitable assay Rough indicator

aPTT Unsuitable assay Rough indicator  Unsuitable assay Unsuitable assay

TT Unsuitable assay Rough indicator  Unsuitable assay Unsuitable assay

Specialized Chromogenic anti-factor Xa Hemoclot test Chromogenic anti-factor Xa Chromogenic anti-factor Xa
test assays Ecarin clot test assays assays

Table 4 Recommendations about preoperative discontinuity of
NOAC

NOAC EHRA French study group
Rivaroxaban >48 h 5 days
Dabigatran CrCl >80 ml/min >48 h 5 days
CrCl 50-80 ml/min >72 h
CrCl 30-50 ml/min >96 h
Apixaban >48 h 5 days
Edoxaban >48 h -

sensitivity of these tests is even lower for apixaban, so they
are not suitable for the assessment of its blood levels.
Certain laboratory tests have been developed for more
accurate measurements of NOAC blood levels. For dabi-
gatran, these tests include a dilute thrombin time test
(Hemoclot test) and the ecarin clot test. Ecarin clot test is
highly sensitive with linear response to dabigatran, but very
costly. For direct factor Xa inhibitors, the most useful and
sensitive tests are the drug-specific chromogenic anti-factor
Xa assays which can accurately quantify drug levels
[15, 60].

Perioperative management

The perioperative management of NOAC is another
matter of great significance. The anticoagulant activity of
NOAC (which have a relatively short half-time, closed to
12 h) almost disappear after 4-5 half-times [76]. Periop-
erative management of NOAC must be based on certain
factors, such as the patient’s and procedure’s risks of
thrombosis and bleeding, patient’s comorbidities (mainly
renal insufficiency), and the pharmacokinetic properties of
each agent [77, 78]. The European Heart Rhythm Asso-
ciation (EHRA) guidelines and the French Study Group
on Thrombosis and Haemostasis guidelines are the two
mostly referred recommendations (Table 4). According to
EHRA, at least 48-h period of stoppage is recommended
for factor Xa inhibitors, while at least 3 or 4 days of

discontinuation is usually recommended for dabigatran
[79]. The French Study Group on Thrombosis and Hae-
mostasis provides a more conservative approach and
recommends a mandatory 5-day stoppage for all NOAC
[80]. The postoperative administration of NOAC can be
initiated after 48—72 h, as long as appropriate haemostasis
has been achieved.

Conclusions

New oral anticoagulants will have a more leading role in
prevention of VTE after orthopaedic procedures in future,
which is additionally shown from the fact that constantly
more and more scientific groups and national orthopaedic
societies include these agents in their thromboprophylaxis
guidelines. The obvious advantage of NOAC compared to
LMWH is the oral route of administration and thus the
better compliance of the patients, as well as the avoidance
of constant laboratory monitoring which is necessary for
VKA. On the other side, there are certain disadvantages
regarding the use of NOAC, such as the interactions with
more drugs compared to LMWH, and the fact that they are
mainly renally excreted so they may not be indicated for
patients with renal impairment. Another disadvantage of
NOAC is the relative lack of antidote in case of bleeding
complications, though a great research is currently being
carried out.

In conclusion, rivaroxaban seems to have an advantage
over dabigatran and apixaban as far as the efficacy in
prevention of VTE is concerned, but this comes with the
cost of its higher risk of bleeding. Dabigatran has similar
efficacy and safety with LMWH, while regarding the safety
and efficacy of apixaban, studies showed that it has a lower
rate of bleeding events and is also more efficient compared
to at least the European dosage of enoxaparin. More level 4
studies are needed in order to reach a safe conclusion about
in which side the balance between pros and cons of use of
NOAC leans, but certainly the future seems promising for
this new category of anticoagulants.

@ Springer



580

Eur J Orthop Surg Traumatol (2017) 27:573-582

Compliance with ethical standards

Conflict of interest All authors declare that they have no conflict of
interest.

References

1. Falck-Ytter Y, Francis CW, Johanson NA, Curley C, Dahl OE,
Schulman S et al (2012) 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 141(2 Suppl):e278S-e325S

2. Francis C (2013) Prevention of VTE in patients having major
orthopedic surgery. J Thromb Thrombolysis 35(3):359-367

3. Kurtz S, Ong E, Mowat F, Halpern M (2007) Projections of
primary and revision hip and knee arthroplasty in the United
States from 2005 to 2030. J Bone Joint Surg Am 89:780-785

4. Klauser W, Diitsch M (2013) Practical management of new oral
anticoagulants after total hip or total knee arthroplasty. Muscu-
loskelet Surg 97(3):189-197

5. Rachidi S, Aldin E, Greenberg C, Sachs B, Streiff M, Zeidan A
(2013) The use of novel oral anticoagulants for thromboprophy-
laxis after elective major orthopedic surgery. Expert Rev Hematol
6(6):677-695

6. Friedman R (2011) Novel oral anticoagulants for VTE prevention
in orthopedic surgery: overview of phase 3 trials. Orthopedics
34(10):795-804

7. Fuji T, Fujita S, Kawai Y et al (2015) Efficacy and safety of
edoxaban versus enoxaparin for the prevention of venous
thromboembolism following total hip arthroplasty: STARS J-V.
Thrombosis J 13(1):27

8. Fuji T, Wang C, Fujita S et al (2014) 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 134(6):1198-1204

9. Fuji T, Fujita S, Kawai Y et al (2014) Safety and efficacy of
edoxaban in patients undergoing hip fracture surgery. Thromb
Res 133(6):1016-1022

10. Mont M, Jacobs J (2011) AAOS clinical practice guideline:
preventing venous thromboembolic disease in patients undergo-
ing elective hip and knee arthroplasty. Am Acad Orthop Surg
19(12):777-778

11. National Institute for Health and Clinical Excellence Venous
thromboembolism: reducing the risk. Reducing the risk of venous
thromboembolism (deep vein thrombosis and pulmonary embo-
lism) in patients admitted to hospital. 2010 (updated 2015). http://
guidance.nice.org.uk/CG92/NICEGuidance/pdf/English

12. Scotish Intercollegiate Guidelines Network (2010) Prevention
and management of venous thromboembolism. http://www.sign.
ac.uk/guidelines/fulltext/122/index.html

13. National Health and Medical Research Council (NHMRC) (2009)
Prevention of venous thromboembolism in patients in Patients
Admitted to Australian Hopsitals. https://www.nhmrc.gov.au/
guidelines-publications/cp115

14. Thomas T, Ganetsky V, Spinler S (2013) Rivaroxaban: an oral
factor Xa inhibitor. Clin Ther 35(1):4-27

15. Dale B, Chan N, Eikelboom J (2015) Laboratory measurement of
the direct oral anticoagulants. Br J Haematol 172(3):315-336

16. Russell R, Hotchkiss W, Knight J, Huo M (2013) The efficacy
and safety of rivaroxaban for venous thromboembolism prophy-
laxis after total hip and total knee arthroplasty. Thrombosis
2013:1-5

17. Kwong L (2012) Rivaroxaban, an oral, direct factor Xa Inhibitor:
a new option for thromboprophylaxis. Orthopedics 35(11):919

@ Springer

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

Kreutz R, Haas S, Holberg G et al (2016) Rivaroxaban compared
with standard thromboprophylaxis after major orthopaedic sur-
gery: co-medication interactions. Br J Clin Pharmacol
81(4):724-734

Eriksson B, Borris L, Friedman R et al (2008) Rivaroxaban
versus enoxaparin for thromboprophylaxis after hip arthroplasty.
N Engl J Med 358(26):2765-2775

Kakkar A, Brenner B, Dahl O et al (2008) Extended duration
rivaroxaban versus short-term enoxaparin for the prevention of
venous thromboembolism after total hip arthroplasty: a double-
blind, randomised controlled trial. Lancet 372(9632):31-39
Lassen M, Ageno W, Borris L et al (2008) Rivaroxaban versus
enoxaparin for thromboprophylaxis after total knee arthroplasty.
N Engl J Med 358(26):2776-2786

Turpie A, Lassen M, Davidson B et al (2009) Rivaroxaban versus
enoxaparin for thromboprophylaxis after total knee arthroplasty
(RECORD4): a randomised trial. Lancet 373(9676):1673-1680
Turpie A, Haas S, Kreutz R et al (2013) A non-interventional
comparison of rivaroxaban with standard of care for thrombo-
prophylaxis after major orthopaedic surgery in 17,701 patients
with  propensity score adjustment. Thromb Haemost
111(1):94-102

Cao Y, Zhang J, Shen H, Jiang Y (2010) Rivaroxaban versus
enoxaparin for thromboprophylaxis after total hip or knee
arthroplasty: a meta-analysis of randomized controlled trials. Eur
J Clin Pharmacol 66(11):1099-1108

Turpie A, Lassen M, Eriksson B et al (2010) Rivaroxaban for the
prevention of venous thromboembolism after hip or knee
arthroplasty. Thromb Haemost 105(3):444-453

Huisman MV, Quinlan DJ, Dahl OE, Schulman S (2010)
Enoxaparin versus dabigatran or rivaroxaban for thrombopro-
phylaxis after hip or knee arthroplasty: results of separate pooled
analyses of phase III multicenter randomized trials. Circ Car-
diovasc Qual Outcomes 3:652—660

Gomez-Outes A, Terleira-Fernandez A, Suarez-Gea M, Vargas-
Castrillon E (2012) Dabigatran, rivaroxaban, or apixaban versus
enoxaparin for thromboprophylaxis after total hip or knee
replacement: systematic review, meta-analysis, and indirect
treatment comparisons. BMJ 344:e3675

Russell R, Huo M (2013) Apixaban and rivaroxaban decrease
deep venous thrombosis but not other complications after total
hip and total knee arthroplasty. J Arthroplasty 28(9):1477-1481
Ning G, Kan S, Chen L, Shangguan L, Feng S, Zhou Y (2016)
Rivaroxaban for thromboprophylaxis after total hip or knee
arthroplasty: a meta-analysis with trial sequential analysis of
randomized controlled trials. Sci Rep 6:23726
Beyer-Westendorf J, Liitzner J, Donath L et al (2012) Efficacy
and safety of thromboprophylaxis with low-molecular-weight
heparin or rivaroxaban in hip and knee replacement surgery.
Thromb Haemost 109(1):154-163

Lazo-Langner A, Fleet JL, McArthur E, Garg AX (2014)
Rivaroxaban vs. low molecular weight heparin for the prevention
of venous thromboembolism after hip or knee arthroplasty: a
cohort study. J Thromb Haemost 12:1626-1635

Charters M, Frisch N, Wessell N, Dobson C, Les C, Silverton C
(2015) Rivaroxaban versus enoxaparin for venous thromboem-
bolism prophylaxis after hip and knee arthroplasty. J Arthroplasty
30(7):1277-1280

Heckmann M, Thermann H, Heckmann F (2015) Rivaroxaban
versus high dose nadroparin for thromboprophylaxis after hip or
knee arthroplasty. Hamostaseologie 35(4):358-363

Wang J, Yen S, Kuo F, Lin P (2014) Thromboprophylaxis after
minimally invasive total knee arthroplasty: a comparison of
rivaroxaban and enoxaparin. Biomed J 37(4):199


http://guidance.nice.org.uk/CG92/NICEGuidance/pdf/English
http://guidance.nice.org.uk/CG92/NICEGuidance/pdf/English
http://www.sign.ac.uk/guidelines/fulltext/122/index.html
http://www.sign.ac.uk/guidelines/fulltext/122/index.html
https://www.nhmrc.gov.au/guidelines-publications/cp115
https://www.nhmrc.gov.au/guidelines-publications/cp115

Eur J Orthop Surg Traumatol (2017) 27:573-582

581

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

S1.

Rath N, Goodson M, White S, Forster M (2013) The use of
rivaroxaban for chemical thromboprophylaxis following total
knee replacement. Knee 20(6):397—400

Jensen C, Steval A, Partington P, Reed M, Muller S (2010)
Return to theatre following total hip and knee replacement, before
and after the introduction of rivaroxaban: a retrospective cohort
study. J Bone Joint Surg Br 93(1):91-95

Jameson SS, Rymaszewska M, Hui AC, James P, Serrano-Pe-
draza I, Muller SD (2012) Wound complications following
rivaroxaban administration: a multicenter comparison with low-
molecular-weight heparins for thromboprophylaxis in lower limb
arthroplasty. J Bone Joint Surg Am 94:1554-1558

Chahal GS, Saithna A, Brewster M et al (2013) A comparison of
complications requiring return to theatre in hip and knee arthro-
plasty patients taking enoxaparin versus rivaroxaban for throm-
boprophylaxis. Ortop Traumatol Rehabil 15(2):125

Zou Y, Tian S, Wang Y, Sun K (2014) Administering aspirin,
rivaroxaban and low-molecular-weight heparin to prevent deep
venous thrombosis after total knee arthroplasty. Blood Coagul
Fibrinolysis 25(7):660-664

Brimmo O, Glenn M, Klika A, Murray T, Molloy R, Higuera C
(2016) Rivaroxaban use for thrombosis prophylaxis is associated
with early periprosthetic joint infection. J Arthroplasty
31(6):1295-1298

Sindali K, Rose B, Soueid H, Jeer P, Saran D, Shrivastava R
(2012) Elective hip and knee arthroplasty and the effect of
rivaroxaban and enoxaparin thromboprophylaxis on wound
healing. Eur J Orthop Surg Traumatol 23(4):481-486

Lassen M, Haas S, Kreutz R, Mantovani L, Holberg G, Turpie A
(2015) Rivaroxaban for thromboprophylaxis after fracture-related
orthopedic surgery in routine clinical practice. Clin Appl
Thromb/Hemost 22(2):138—-146

Du W, Zhao C, Wang J, Liu J, Shen B, Zheng Y (2015) Com-
parison of rivaroxaban and parnaparin for preventing venous
thromboembolism after lumbar spine surgery. J Orthop Surg Res
23(10):78

Camporese G, Bernardi E, Noventa F et al (2016) Efficacy of
Rivaroxaban for thromboprophylaxis after Knee Arthroscopy
(ERIKA). Thromb Haemost 116(2):349-355

Levitan B, Yuan Z, Turpie A et al (2014) Benefit-risk assessment
of rivaroxaban versus enoxaparin for the prevention of venous
thromboembolism after total hip or knee arthroplasty. VHRM
26(10):157-167

Praxada (Dabigatran) Prescribing Information.Ridgefield, CT:
Boehringer Ingelheim Pharmaceuticals, Inc; 2014. http://Bidocs.
Boehringer-Ingelheim.Com/Biwebaccess/Viewservlet.Ser?Doc
base=Renetnt&Folderpath=/Prescribinginformation/Pis/Pradaxa/
Pradaxa.Pdf

Burness CB, McKeage K (2012) Dabigatran etexilate. Drugs
72(7):963-986

Eriksson B, Dahl O, Rosencher N et al (2007) Dabigatran etex-
ilate versus enoxaparin for prevention of venous thromboem-
bolism after total hip replacement: a randomised, double-blind,
non-inferiority trial. Lancet 370(9591):949-956

Eriksson B, Dahl O, Huo M et al (2011) Oral dabigatran versus
enoxaparin for thromboprophylaxis after primary total hip
arthroplasty (RE-NOVATE  II*). Thromb  Haemost
105(4):721-729

Eriksson B, Dahl O, Rosencher N et al (2007) Oral dabigatran
etexilate vs. subcutaneous enoxaparin for the prevention of
venous thromboembolism after total knee replacement: the RE-
MODEL randomized trial. ] Thromb Haemost 5(11):2178-2185
Ginsberg JS, Davidson BL, Comp PC, Francis CW et al (2009)
Oral thrombin inhibitor dabigatran etexilate vs North American
enoxaparin regimen for prevention of venous thromboembolism
after knee arthroplasty surgery. J Arthroplasty 24(1):1-9

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Eriksson B, Dahl O, Rosencher N et al (2015) Oral dabigatran
etexilate versus enoxaparin for venous thromboembolism pre-
vention after total hip arthroplasty: pooled analysis of two phase
3 randomized trials. Thrombos J 13:36

Wolowacz S, Roskell N, Plumb J, Caprini J, Eriksson B (2009)
Efficacy and safety of dabigatran etexilate for the prevention of
venous thromboembolism following total hip or knee arthro-
plasty: a meta-analysis. Thromb Haemost 101(1):77-85
Rosencher N, Samama C, Feuring M et al (2016) Dabigatran
etexilate for thromboprophylaxis in over 5000 hip or knee
replacement patients in a real-world clinical setting. Thrombos J
14:8

Kendoff D (2011) Oral thromboprophylaxis following total hip or
knee replacement: review and multicentre experience with dabi-
gatran etexilate. Open Orthop J 5(1):395-399

Bloch B, Patel V, Best A (2014) Thromboprophylaxis with
dabigatran leads to an increased incidence of wound leakage and
an increased length of stay after total joint replacement. Bone
Joint J 96(1):122-126

Matziolis D, Matziolis G, Perka C (2011) Thromboembolism
prophylaxis with dabigatran leads to lower perioperative blood
loss than with dalteparin in primary knee arthroplasty. Arch
Orthop Trauma Surg 131(12):1739-1743

Gombar C, Horvath G, Gality H, Sisak K, Téth K (2014) Com-
parison of minor bleeding complications using dabigatran or
enoxaparin after cemented total hip arthroplasty. Arch Orthop
Trauma Surg 134(4):449-457

Mommsen P, Doering M, Egidy C, Gehrke T, Krettek C, Kendoff
D (2014) Effects of thromboembolism prophylaxis with dabiga-
tran on perioperative blood loss and wound secretion in primary
hip arthroplasty. Technol Health Care 22(6):901-908

Aikens G (2014) New oral pharmacotherapeutic agents for
venous thromboprophylaxis after total hip arthroplasty. World J
Orthop 5(3):188-203

Harder S, Graff J (2013) Novel oral anticoagulants: clinical
pharmacology, indications and practical considerations. Eur J
Clin Pharmacol 69(9):1617-1633

Lassen M, Raskob G, Gallus A, Pineo G, Chen D, Portman R
(2009) Apixaban or enoxaparin for thromboprophylaxis after
knee replacement. N Engl J Med 361(6):594-604

Lassen M, Raskob G, Gallus A, Pineo G, Chen D, Hornick P
(2010) Apixaban versus enoxaparin for thromboprophylaxis after
knee replacement (ADVANCE-2): a randomised double-blind
trial. Lancet 375(9717):807-815

Lassen M, Gallus A, Raskob G, Pineo G, Chen D, ramirez L
(2010) apixaban versus enoxaparin for thromboprophylaxis after
hip replacement. N Engl J Med 363(26):2487-2498

Huang J, Cao Y, Liao C, Wu L, Gao F (2011) Apixaban versus
enoxaparin in patients with total knee arthroplasty. Thromb
Haemost 105(2):245-253

Aryal M, Pandit A, Ghimire S et al (2015) Thromboprophylaxis
with apixaban and the risk of pulmonary embolism in patients
undergoing knee replacement surgery. J Community Hosp Intern
Med Perspect 5(4):27889

Villa L, Malone D, Ross D (2013) Evaluating the efficacy and
safety of apixaban, a new oral anticoagulant, using Bayesian
meta-analysis. Int J] Hematol 98(4):390-397

Raskob G, Gallus A, Pineo G et al (2012) Apixaban versus
enoxaparin for thromboprophylaxis after hip or knee replace-
ment: pooled analysis of major venous thromboembolism and
bleeding in 8464 patients from the ADVANCE-2 and
ADVANCE-3 trials. J Bone Joint Surg Br 94(2):257-264

Li X, Sun S, Zhang W (2012) Apixaban versus enoxaparin for
thromboprophylaxis after total hip or knee arthroplasty: a meta-
analysis of randomized controlled trials. Chin Med J (Engl)
125(13):2339-2345

@ Springer


http://Bidocs.Boehringer-Ingelheim.Com/Biwebaccess/Viewservlet.Ser%3fDocbase%3dRenetnt%26Folderpath%3d/Prescribinginformation/Pis/Pradaxa/Pradaxa.Pdf
http://Bidocs.Boehringer-Ingelheim.Com/Biwebaccess/Viewservlet.Ser%3fDocbase%3dRenetnt%26Folderpath%3d/Prescribinginformation/Pis/Pradaxa/Pradaxa.Pdf
http://Bidocs.Boehringer-Ingelheim.Com/Biwebaccess/Viewservlet.Ser%3fDocbase%3dRenetnt%26Folderpath%3d/Prescribinginformation/Pis/Pradaxa/Pradaxa.Pdf
http://Bidocs.Boehringer-Ingelheim.Com/Biwebaccess/Viewservlet.Ser%3fDocbase%3dRenetnt%26Folderpath%3d/Prescribinginformation/Pis/Pradaxa/Pradaxa.Pdf

582

Eur J Orthop Surg Traumatol (2017) 27:573-582

70.

71.

72.

73.

74.

75.

76.

Bounameaux H, Camm A (2014) Edoxaban: an update on the
new oral direct factor Xa inhibitor. Drugs 74(11):1209-1231
Baumann Kreuziger L, Keenan J, Morton C, Dries D (2014)
Management of the bleeding patient receiving new oral antico-
agulants: a role for prothrombin complex concentrates. Biomed
Res Int 2014:583794

Enriquez A, Lip G, Baranchuk A (2016) Anticoagulation reversal
in the era of the non-vitamin K oral anticoagulants. Europace
18(7):955-964

Burness C (2015) Idarucizumab: first global approval. Drugs
75(18):2155-2161

Das A, Liu D (2015) Novel antidotes for target specific oral
anticoagulants. Exp Hematol Oncol 4:25

Siegal D, Curnutte J, Connolly S et al (2015) Andexanet alfa for
the reversal of factor Xa inhibitor activity. N Engl J Med
373(25):2413-2424

Abo-Salem E, Becker R (2016) Reversal of novel oral antico-
agulants. Curr Opin Pharmacol 27:86-91

@ Springer

7.

78.

79.

80.

Spyropoulos A, Al-Badri A, Sherwood M, Douketis J (2016)
Periprocedural management of patients receiving a vitamin K
antagonist or a direct oral anticoagulant requiring an elective
procedure or surgery. J Thromb Haemost 14(5):875-885
Faraoni D, Levy J, Albaladejo P, Samama C (2015) Updates in
the perioperative and emergency management of non-vitamin K
antagonist oral anticoagulants. Crit Care 19:203

Heidbuchel H, Verhamme P, Alings M et al (2015) Updated
European heart rhythm association practical guide on the use of
non-vitamin K antagonist anticoagulants in patients with non-
valvular atrial fibrillation. Europace 17(10):1467-1507

Pernod G, Albaladejo P, Godier A, Samama CM, Susen S, Gruel
Y et al (2013) Management of major bleeding complications and
emergency surgery in patients on long-term treatment with direct
oral anticoagulants, thrombin or factor-Xa inhibitors: proposals
of the Working Group on Perioperative Haemostasis (GIHP)—
March 2013. Arch Cardiovasc Dis 106(6-7):382-393



	The role of new oral anticoagulants in orthopaedics: an update of recent evidence
	Abstract
	Background
	Main text
	Rivaroxaban
	Dabigatran
	Apixaban
	Edoxaban
	Management of bleeding
	Laboratory assessment
	Perioperative management

	Conclusions
	References




