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Abstract: Despite the discovery and application of many parenteral (unfractionated and
low-molecular-weight heparins) and oral anticoagulant vitamin K antagonist (VKA) drugs, the
prevention and treatment of venous and arterial thrombotic phenomena remain major medical
challenges. Furthermore, VKAs are the only oral anticoagulants used during the past 60 years.
The main objective of this study is to present recent data on non-vitamin K antagonist oral
anticoagulants (NOACs) and to analyze their advantages and disadvantages compared with
those of VKAs based on a large number of recent studies. NOACs are novel direct-acting medications that are selective for one specific coagulation factor, either thrombin (IIa) or activated
factor X (Xa). Several NOACs, such as dabigatran (a direct inhibitor of FIIa) and rivaroxaban,
apixaban and edoxaban (direct inhibitors of factor Xa), have been used for at least 5 years but
possibly 10 years. Unlike traditional VKAs, which prevent the coagulation process by suppressing the synthesis of vitamin K-dependent factors, NOACs directly inhibit key proteases
(factors IIa and Xa). The important indications of these drugs are the prevention and treatment
of deep vein thrombosis and pulmonary embolisms, and the prevention of atherothrombotic
events in the heart and brain of patients with acute coronary syndrome and atrial fibrillation.
They are not fixed, and dose-various strengths are available. Most studies have reported that
more advantages than disadvantages for NOACs when compared with VKAs, with the most
important advantages of NOACs including safety issues (ie, a lower incidence of major bleeding), convenience of use, minor drug and food interactions, a wide therapeutic window, and
no need for laboratory monitoring. Nonetheless, there are some conditions for which VKAs
remain the drug of choice. Based on the available data, we can conclude that NOACs have
greater advantages and fewer disadvantages compared with VKAs. New studies are required
to further assess the efficacy of NOACs.
Keywords: novel oral anticoagulants, direct IIa and Xa inhibitors, vitamin K antagonist, venous
thromboembolism
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Thromboembolic diseases are of major clinical concern due to their high prevalence
and consequences, which are often fatal. Venous thromboembolism (VTE) is estimated
to be the third most common cardiovascular disorder after coronary heart disease and
stroke.1 Treatment of venous and arterial thrombotic phenomena represents a major
medical challenge, and the development of anticoagulant drugs represents a revolution in medicine. The route of administration of anticoagulant drugs can be either
parenteral or oral.
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During the last 60 years, vitamin K antagonists (VKAs),
which include coumarin derivatives (eg, warfarin and
acenocoumarol), have been the only oral anticoagulants
used;2 however, new substances with anticoagulants effects,
referred to as new oral anticoagulants, have recently been
discovered. Compared with VKAs, this new generation of
oral anticoagulants (non-vitamin K antagonist oral anticoagulants, NOACs) has more predictable anticoagulant
responses, and NOACs have been shown to be effective in
the prevention and treatment of VTE and in the prevention of
stroke and systemic embolism in patients with non-valvular
atrial fibrillation (NVAF).3,4 The VKA dose is determined
on an individual basis (not fixed), whereas novel NOACs
are administered in fixed doses, except when a patient has a
functional disorder of the liver or kidney. NOACs are termed
direct oral anticoagulants or target anticoagulants due to their
direct inactivation of thrombin (FIIa) and factor X (FXa).
Despite the various advantages of NOACs compared with
VKAs, these drugs are not considered ideal because there are
also some disadvantages compared with VKAs. The aim of
this paper is to review new data from the literature regarding
the advantages and disadvantages of these two types of oral
anticoagulants.

Vitamin K anticoagulants
Oral anticoagulation was first established in 1941 by Karl
Paul Link, who discovered dicumarol.5 VKA drugs are
4-hydroxycoumarin derivatives, which exert their anticoagulant effect by inhibiting vitamin K epoxide reductase
and, possibly, vitamin KH2 reductase.6 These compounds
act by reducing vitamin KH2 (reduced form of vitamin K)
levels, thereby limiting the cofactor effect of vitamin K on
the γ-carboxylation of the vitamin K-dependent coagulation factors II, VII, IX, and X. VKAs also limit the effect
of anticoagulant proteins, protein C and protein S, resulting
in an inhibition of these proteins3,7 because their synthesis
depends on the presence of vitamin K. As VKAs inhibit
protein C prior to its anticoagulant effect, it may be necessary to use bridging anticoagulation with low-molecularweight heparins (LMWHs). Vitamin K acts as a cofactor in
the post-translational carboxylation of glutamate residues
to γ-carboxylglutamates in the N-terminal regions of the
vitamin K-dependent proteins.8,9 For inhibition of this
process, warfarin is the drug of choice in most countries,
especially in the USA and Canada, whereas acenocoumarol
and phenprocoumon are used in many European countries.
Treatment with VKAs is indicated in various medical situations, such as for the treatment of deep vein thrombosis
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(DVT) and pulmonary embolism (PE), and the prevention
of recurrence, atrial fibrillation (AF) and stroke in patients
with NVAF, acute myocardial infarction, and vasculopathy,
as well as in patients with tissue heart valves or mechanical
prosthetic cardiac valves. These drugs are also used as prophylaxis for VTE in high-risk patients (eg, post-orthopedic
surgery, embolic peripheral, and arterial disease).7,10

Novel oral anticoagulants
The new oral anticoagulants represent novel direct-acting
medications that are selective for one specific coagulation
factor, either thrombin or activated factor Xa. These drugs
have recently been approved for the prevention of VTE in
patients after elective hip or knee arthroplasty in the European
Union (EU) and many other countries worldwide.11 Several
NOACs, such as dabigatran, rivaroxaban, apixaban, and
edoxaban, have been used in many countries. The mechanisms of indirect (VKAs) and direct (NOACs) anticoagulants
are presented in Figure 1. The main characteristics of VKAs
and NOACs and their advantages and disadvantages are
listed in Table 1.

Dabigatran
Dabigatran was the first approved NOAC; it was approved
in 2008 by the EU and by the Food and Drug Administration (FDA) in 2010 based on the results of the Randomized
Evaluation of Long-Term Anticoagulant Therapy (RE-LY)
trial for warfarin, which was compared with dabigatran.12
A new oral, direct thrombin (FIIa) inhibitor that prevents the
conversion of fibrinogen to fibrin and thereby prevents clot
formation, dabigatran is indicated to reduce the risk of stroke
and systemic embolism in patients with NVAF.13 Dabigatran
is a synthetic small molecule, hirudin analog that exhibits
univalent binding to only one of the two key thrombin sites.
It is the product of the prodrug (dabigatran etexilate) of
dabigatran, which is rapidly transformed to dabigatran after
oral ingestion and hepatic processing.14 The trade name
of dabigatran etexilate is Pradaxa (Boehringer Ingelheim,
Ingelheim, Germany). The drug can be administered with or
without food and is rapidly absorbed, but its absorption after
oral administration (oral bioavailability) is low (6%–7%)
and is independent of the dose of the prodrug.13 Some studies have shown that the plasma concentration of dabigatran
increases in a dose-dependent manner such that the peak
plasma concentration (Cmax) is achieved 1.5–2 hours after oral
administration and is not related to age or sex.15 The mean
plasma terminal half-life of dabigatran is 12–14 hours and
is independent of dose.16 The absorption and bioconversion
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Figure 1 Mechanism of anticoagulants effect of indirect (VKAs) and direct anti-IIa and anti-Xa anticoagulants (NOACs).
Note: *VKA does not inhibit FVIIa, but prevents their synthesis, like other vitamin K-dependent factors (eg, II, IX, and X).
Abbreviations: NOACs, non-vitamin K antagonist oral anticoagulants; VKAs, vitamin K antagonists; FVIIa, activated factor VII.

of dabigatran occur in enterocytes, hepatocytes, and the
portal vein. Dabigatran does not inhibit cytochrome P450
(CYP); therefore, its potential for drug–drug interactions
is low. Unlike VKA, dabigatran exhibits a predictable dose
response and, therefore, does not require routine coagulation
monitoring.17 The primary route for dabigatran elimination
in humans is renal (80%).13,15 There are several comparisons
of the effects of dabigatran with those of warfarin, and the
RE-LY trial showed that dabigatran is not inferior to warfarin
with respect to the prevention of stroke or systemic embolism
in patients with NVAF. In this trial, dabigatran administered
at a dose of 110 mg was associated with rates of stroke and
systemic embolism that were similar to those associated
with warfarin and also showed lower rates of major hemorrhage. Additionally, the same authors found that at a dose
of 150 mg, dabigatran was associated with lower rates of
stroke and systemic embolism compared with warfarin, but
with similar rates of major hemorrhage.12
Hohnloser et al in the RE-LY trial found that myocardial
infarction (MI) occurred at annual rates of 0.82% with dabigatran 110 mg twice daily compared with 0.64% with warfarin (hazard ratio [HR] 1.29, 95% confidence interval [CI],
0.96–1.75, and P=0.09 for dabigatran 110 mg). In the same
study, it was found that MI occurred at annual rates of 0.81%
with dabigatran 150 mg twice daily compared with 0.64% with
warfarin (HR 1.27, 95% CI, 0.94–1.71, P=0.12 for dabigatran
150 mg).18 However, according to Artang et al dabigatran is
associated with a greater risk of MI than warfarin (odds ratio
[OR] 1.35, 95% CI, 1.10–1.66, P=0.005).19 Indeed, a statistically significant difference between dabigatran and warfarin
in relation to risk of MI was reported. Graham et al showed
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that dabigatran reduced the risk of ischemic stroke, intracranial
hemorrhage as well as death but increased the risk of major
gastrointestinal bleeding compared with warfarin in elderly
patients with NVAF.20 The RE-COVER trial showed a rate
of recurrent VTE in patients treated with dabigatran (150 mg
twice daily) of 2.4% compared with those treated with warfarin
international normalized ratio (INR 2–3), for which the rate
was 2.1%. These results demonstrated the noninferiority of
dabigatran compared to warfarin for the prevention of recurrent
VTE (difference risk 0.4%, 95% CI, 0.8–1.5, P,0.001 for the
prespecified noninferiority margin). According to this trial, the
rate of major bleeding episodes in the dabigatran group was
lower (1.6%) compared to the warfarin group (1.9%) (HR 0.82,
95% CI, 0.45–1.48, P=0.53). The same parameters for episodes
of any bleeding were HR 0.71, 95% CI, 0.59–0.85, P=0.0002,
revealing the superiority of dabigatran.21 The data from the
RE-COVER II trial confirmed the results of the RE-COVER
trial with regard to recurrent VTE, indicating the noninferiority
of dabigatran (2.3%) compared to warfarin (2.2%) (HR 1.08,
95% CI, 0.64–1.80, absolute risk difference 0.2%, 95% CI,
1.0–1.3, P,0.001 for the prespecified noninferiority margin).
Additionally, the results of the RE-COVER II trial showed
that the risk for clinically relevant bleeding (dabigatran 1.2%
vs warfarin 1.7%, HR 0.69, 95% CI, 0.36–1.32, P=0.259)
or any bleeding (dabigatran 15.6% vs warfarin 22.1%, HR
0.67, 95% CI, 0.56–0.81, P,0.001) is significantly lower
with dabigatran.22

Rivaroxaban
Rivaroxaban is the second NOAC approved in many countries,
in 2008 by the European Medicine Agency and by the FDA
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Unpredictable pharmacokinetics and individual (great variability of individual dose)
Great drug–drug interactions
Dietary restriction
Need for frequent monitoring of INR
Narrow therapeutic window
Slow onset and offset
Long half-life (this is a problem when required emergency surgery
and in cases of bleeding due to accumulation of the drug in the blood)
VKAs-induced skin necrosis if started without LMWH

Disadvantages

60%–80%
2.5–4 hours
7–13 hours

Direct anti-Xa

Rivaroxaban

66%
3 hours
8–15 hours

Direct anti-Xa

Apixaban

2–4 hours
1–3 hours
70% renal (30%
25% renal
unchanged, 40%
inactive, and 30%
fecal)
Predictable pharmacokinetics and pharmacodynamics
Low drug–drug and food interactions
No dietary restriction
Rapid onset and offset
Short half-life
In general no need for laboratory monitoring, although
in some cases it is required
Wide therapeutic window
Switching patient from LMWH and VKAs to NOACs
Do not exist standardized test for monitoring of NOACs,
when it is necessary for monitoring of these drugs, eg, in
hepatic and renal disease
Sometimes rapid offset and short half-life may be considered
as disadvantages
Currently lack of antidote
High cost
Not enough experience
NOACs therapy can be initiated without LMWH (no risk for
induced skin necrosis) due to their rapid onset

0.5–2 hours
80% renal

6%–7%
1.5–2 hours
12–14 hours

Direct anti-IIa

Dabigatran

Abbreviations: NOACs, non-vitamin K antagonist oral anticoagulants; INR, international normalized ratio; PT, prothrombin time; LMWH, low-molecular-weight heparin; tmax, time maximum plasma concentration.

High bioavailability
Test monitoring with PT (INR), dose adjustment dependent on INR value
They have antidote (vitamin K)
Can use in all group ages
Long clinical experience with VKAs (these drugs have been used
as anticoagulants for over 60 years)
Not expensive

Advantages

Onset of action
Route of elimination

tmax
Half-life

S- and R-warfarin 32 and 42 hours
S- and R-acenocoumarol 2 and 8 hours
36–72 hours
Hepatically metabolized

Indirect through inhibition of vitamin K epoxide reductase (VKOCR1), lower levels
of vitamin KH2, and consequently and vitamin K-dependent coagulation factors
Warfarin 99%
R-enantiomer acenocoumarol 100%

Mechanism of action

Bioavailability

Vitamin K antagonists (VKAs)

Drug

Table 1 Main characteristics of the VKAs and NOACs, advantages and their disadvantages

Therapeutics and Clinical Risk Management downloaded from https://www.dovepress.com/ by 3.226.72.118 on 10-May-2021
For personal use only.

1–2 hours
35% renal

58.3%
1.5 hours
9–11 hours

Direct anti-Xa

Edoxaban
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based on the results of the rivaroxaban versus warfarin in nonvalvular atrial fibrillation (ROCKET AF) trial.23 Rivaroxaban,
an oxazolidinone derivative,24 is a selective direct inhibitor of
FXa.25 Activated FXa plays an important role in the coagulation
cascade because it links the intrinsic and extrinsic coagulation
pathways and acts as a rate-limiting step in thrombin formation.
Inhibition of FXa and the prevention of thrombin generation
from NOACs can be achieved directly, but FXa inhibition can
also be attained indirectly through the use of parenteral anticoagulant drugs, such as fondaparinux, idraparinux, unfractionated heparin, and LMWHs.26 The trade name of rivaroxaban
is Xarelto (Bayer HealthCare, Leverkusen, Germany). It is
a non-basic compound that is rapidly absorbable and has a
high bioavailability (60%–80%) after oral administration.27
It is known that the pharmacokinetics (PK) of rivaroxaban
are dose dependent, with Cmax occurring 2.5–4 hours after
oral administration.27,28 Approximately 30% of rivaroxaban is
excreted unchanged in the urine and through fecal elimination.29
Metabolism of this drug occurs in the liver, primarily via the
CYP isozyme CYP3A4.30 According to Eriksson et al and
Turpie et al rivaroxaban can be administered with food or within
2 hours of eating.31,32 Several PK studies have demonstrated
that after typical doses of rivaroxaban, its half-life elimination
is approximately 7 hours (4–7 hours).26 For daily exposure, the
area under the curve (AUC0–24) is 1.094 ng h/mL. The coefficient of variation for exposure parameters (AUC0–24, Cmax, Cmin)
for rivaroxaban is 29%–49%.
The concentration of rivaroxaban in blood during 24 hours
and its anti-factor Xa activity are 10 ng/mL and 0.17 IU/mL,
respectively.33 Therefore, one-dose administration of rivaroxaban is sufficient to provide daily anticoagulant activity.
Only the 2.5 mg twice daily dose of rivaroxaban is licensed
for secondary prevention in acute coronary syndrome in
combination with standard antiplatelet therapy in adults
with elevated cardiac biomarkers in patients with creatinine
clearance (CrCL) .15 mL/min.34 According to Mega et al a
twice daily 2.5-mg dose of rivaroxaban reduced the rates of
death from cardiovascular causes (2.7% vs 4.1%, P=0.002)
and from any cause (2.9% vs 4.5%, P=0.002); however, these
authors did not find a survival benefit from twice daily 5-mg
dose of rivaroxaban.35
Although there is a lack of information in the literature
regarding the use of rivaroxaban in elderly patients, our opinion is that 5 mg doses of rivaroxaban can be used twice daily
in patients $75 years to prevent thromboembolic events.
Regarding the PK and pharmacodynamic (PD) properties of rivaroxaban, there are no differences with respect to
sex or race. Nonetheless, renal and hepatic insufficiency

impacts the PK and PD properties of rivaroxaban, depending
on the degree of hepatic and renal failure; thus, mild
hepatic disease (Child-Pugh Class A) does not result in
any clinically relevant differences in the PK and PD of
rivaroxaban.36 The role of rivaroxaban in the treatment of
VTE was investigated in three large randomized trials in the
EINSTEIN programs (EINSTEIN-DVT, EINSTEIN-PE,
and EINSTEIN-extension study).37 In the EINSTEIN-DVT
and EINSTEIN-PE, rivaroxaban was equivalent to the standard treatment in the overall population, as well as in older
adults and those with renal insufficiency and fragility.38 The
clinical approval of rivaroxaban for the treatment of DVT
and for the prevention of DVT or PE was based on the results
of the randomized Phase III open-label EINSTEIN-DVT
trial. In this study, 3,449 patients with acute symptomatic
DVT were treated with either rivaroxaban 15 mg twice daily
for 3 weeks, followed by once daily rivaroxaban 20 mg for
3, 6, or 12 months, or with enoxaparin according to body
weight twice daily for a minimum of 5 days, followed by
a dose-adjusted VKA. The study showed that recurrent
VTE occurred in the patients treated with rivaroxaban
(2.1% vs 3.0% of cases treated with enoxaparin plus VKA)
(P,0.001 for noninferiority).37 In the EINSTEIN-PE, 4,832
patients with acute PE with or without DVT were similarly
treated with either rivaroxaban or enoxaparin, followed by
VKAs. The event rates for the primary efficacy endpoint
of symptomatic VTE were 2.1% versus 1.8% (P=0.003
for noninferiority) in the rivaroxaban- and enoxaparin plus
VKA-treated patient groups, respectively. Cases of major
and non-major bleeding were similar in both groups: there
was no difference between rivaroxaban and enoxaparin in
the VKA group, but a significant reduction in major bleeding
occurred in 1.1% of the patients in the rivaroxaban group
compared with 2.2% in the enoxaparin group (HR 0.49, 95%
CI, 0.31–0.79, P=0.003).39
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Apixaban
Apixaban is another NOAC that is a reversible direct Xa
antagonist.40 It exerts a similar anticoagulant activity as
rivaroxaban, by the direct inhibition of factor Xa, which is
formed by both intrinsic and extrinsic coagulation pathways.
This prevention of thrombin formation from prothrombin
is needed to prevent the conversion of fibrinogen to fibrin.
Apixaban is the third NOAC that was approved by the FDA
and by the European Medicine Agency, in 2011 based on the
results of ARISTOTLE (Apixaban for Reduction in Stroke
and Other Thromboembolic Events in Atrial Fibrillation).41
The trade name of apixaban is Eliquis (Bristol-Myers Squibb,
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New York, NY, USA). Apixaban is rapidly absorbed after
oral administration; its bioavailability is approximately 66%
and is not affected by food. It has a time maximum plasma
concentration (short tmax), similar to other NOACs, with a
half-life of 8–15 hours; however, compared with other new
NOACs, apixaban has the smallest renal clearance (25%).42
Similar to rivaroxaban, apixaban is metabolized in the liver in
the CYP-dependent isozyme pathway (CYP3A4).30 As noted
above, the ARISTOTLE trial was a randomized doubleblind trial that compared apixaban with the dose-adjusted
warfarin INR of 2.0–3.0 (5 mg twice daily). In this study,
18,201 patients were included and divided into two groups:
9,120 patients in the apixaban group and 9,081 patients in
the warfarin group. The primary outcome was the rate of
stroke (both ischemic or hemorrhagic or systemic embolism) in patients who were treated with warfarin compared
with those receiving apixaban. The authors concluded that
apixaban was superior to warfarin for preventing stroke and
systemic embolism in patients with AF (1.27% per year
compared with 1.60% in the warfarin group). The results
were P,0.001 for noninferiority and P=0.01 for superiority
(HR with apixaban 0.79, 95% CI, 0.66–0.95) to warfarin.
Additionally, the authors found a hemorrhagic stroke rate of
0.24% per year in the apixaban group compared with 0.47%
per year in the warfarin group (OR 0.51, 95% CI, 0.35–0.75,
P,0.001). Therefore, a lower mortality rate was observed in
the apixaban group compared with the warfarin group.41

Edoxaban
Edoxaban (DU-176b) is an oral direct, specific inhibitor of
FXa with an approximate 10,000-fold selectivity for FXa
over thrombin.43 The compound was developed by Daiichi
Sankyo (Daiichi Sankyo Company, Ltd., Tokyo, Japan) and
approved in July 2011 in Japan for the prevention of VTE
following lower-limb orthopedic surgery. Trade names of
edoxaban are Savaysa and Lixiana.44 In addition, edoxaban
was approved by the FDA in January 2015 for the prevention
of stroke and non-central-nervous-system systemic embolisms.45 Edoxaban is rapidly absorbed, and it was estimated
that its absolute bioavailability is 58.3%.46 In this study,
after administration of a single dose of 60 mg, the Cmax of
edoxaban occurred at 1.5 hours in healthy subjects, whereas
its half-life was 9–11 hours. This drug has dual mechanisms
of elimination; approximately one-third is eliminated via the
kidney and the remainder via feces.47 Similar to dabigatran
and rivaroxaban, edoxaban is also a substrate for the efflux
transporter P-glycoprotein (P-gp). For this reason, in the
ENGAGE AF-TIMI 48 trial, reduction of the edoxaban
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dosage by 50% was required when used in combination with
strong P-gp inhibitors, such as verapamil.3 It should mentioned
that in a Phase II trial involving 523 patients undergoing
total knee replacement surgery, administration of DU-176b
resulted in with a dose-dependent decrease in VTE, without
increases in blending events.48 In another reported Phase II
trial in which DU-176b was investigated at 30 mg and 60 mg
either once a day or twice daily compared to dose-adjusted
warfarin in 1,146 patients with AF, doses of 60 mg twice
daily was accompanied by increased bleeding events.49 In
the HOKUSAI trial, a statistically significant reduction in
recurrent VTE was observed in edoxaban-treated patients,
at 3.2% compared to 3.5% for the warfarin group (HR 0.89,
95% CI, 0.70–1.3, P,0.001 for noninferiority).50 DU-176b
was also tested in a Phase III study for prophylaxis in major
orthopedic surgery in comparison to enoxaparin at doses of
20 mg twice daily; edoxaban was superior to enoxaparin
at this dosage, and the results for safety were similar.51 In
a recent paper, Fuji et al found major or clinically relevant
non-major bleeding in 6.7%, 3.5%, and 5.0% of patients
with mild renal impairment at edoxaban 30 mg, severe renal
impairment at edoxaban 15 mg, and the fondaparinux group at
1.5 mg once daily subcutaneous, respectively. At these doses,
there were no major bleeding events and no thromboembolic
events.52 According to Rognoni et al edoxaban is not inferior
to warfarin for preventing stroke and systemic embolisms in
patients with NVAF, with a lower rate of intracranial bleeding.
Therefore, according these authors, edoxaban proved to be a
cost-effective alternative to warfarin in these patients.53

Clinical indications for NOACs
NOACs have been approved for various thromboembolic
indications, such as the prevention of stroke and systemic
embolism in adult patients with NVAF with one or more risk
factors.3,13 The important indications for these drugs are the
treatment of DVT and PE, and the prevention of recurrent
DVT and PE in adults.54 Rivaroxaban was the first NOAC
that received European approval for the prevention of atherothrombotic events in patients with acute coronary syndrome;
however, similar to apixaban and dabigatran, it is not often
used in clinical practice. Apixaban, dabigatran, and rivaroxaban are approved in the EU for the prevention of VTE after
elective hip or knee replacement surgery. These drugs were
approved based on the results of Phase III trials in which each
of the abovementioned direct inhibitors was compared with
standard thromboprophylaxis with subcutaneous LMWHs
(enoxaparin).55 In addition, edoxaban is approved in Japan
for the prevention of VTE following lower-limb orthopedic

Therapeutics and Clinical Risk Management 2015:11

Dovepress

surgery, whereas EU countries are seeking its approval for
the prevention of stroke and systemic embolic events.
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Contraindications
There are many contraindications for the use of NOACs,
such as clinically significant active bleeding, conditions
that may be associated with major bleeding, hepatic disease
with coagulopathy (severe hepatic impairment in cirrhotic
patients), and additional risk factors that can increase the
risk of bleeding, such as other anticoagulants, platelet
inhibitors, and non-steroidal anti-inflammatory drugs. 4
Additionally, hypersensitivity to NOACs is contraindicated.56
For some conditions, NOACs should be described with
caution in different dosages according to age, weight, and
renal function based on summary of product characteristics for each compound. Dabigatran is contraindicated in
severe renal impairment (CrCL ,30 mL/min), whereas
rivaroxaban and apixaban are not recommended in patients
with CrCL ,15 mL/min. Edoxaban is contraindicated in
patients with CrCL .95 mL/min (increased ischemic stroke)
but should administered 30 mg once a day in those with
CrCL .15–50 mL/min. Patients who are greater than or
less than 80 years and those with body weight greater than
or less than 60 kg should receive a reduced dose of apixaban
of 2.5 mg twice daily.34,57–59
There are also contraindications for VKAs, which may
be relative and absolute. Some relative contraindications
are uncontrolled hypertension, severe liver disease, recent
surgery, and procedures involving the nervous system, spine,
or eye. Absolute contraindications involve the presence of
severe or active bleeding diathesis, non-adherence to medication and INR monitoring, pregnancy, allergy, or intolerance
to VKAs.60,61 Based on these contraindications, some reports
in the literature suggest that the risks do not outweigh the
benefits of warfarin.62

Advantages of NOACs over VKAs
NOACs have various advantages in the prevention and treatment of patients with a predisposition toward AF, DVT, PE,
stroke, and other conditions that are related to inherited or
acquired thrombophilia.14,31 Below, we describe the main
advantages of NOACs compared with VKAs in preventing
various factors that are responsible for thromboembolic
disorders and in the treatment of thromboembolic diseases,
such as the absence of food interactions, few strong drug
interactions,63 predictable PK and PD, a rapid onset and offset
of action, a short half-time, and the absence of the need for
laboratory monitoring.
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Drug–drug interactions of NOACs
In general, there are few drug–drug interactions between
NOACs and other drugs, which enable the concurrent use of
other drugs in patients who are being treated with NOACs.
However, it is important to mention some of the important
mechanisms of drug–drug interactions. A significant interaction mechanism for NOACs (except rivaroxaban) consists of
the re-secretion of a P-gp transporter after absorption in the
gut. It is known that the P-gp transporter may be involved
in renal clearance, including that of rivaroxaban.64 Most
rivaroxaban (two-thirds) is metabolized by the CYP system,
especially CYP3A4. Many drugs used in patients with AF
are P-gp substrates, such as verapamil, dronedarone, and
amiodarone. Therefore, the concomitant use of NOACs and
inhibitors or inducers of CYP3A4 is not recommended due to
increases or decreases in plasma concentrations.65 According
to Wang et al strong CYP3A4 inhibition or induction may
affect the rivaroxaban plasma concentration. Most apixaban
is hepatically cleared as an unchanged molecule, with only
a minor portion being metabolized by CYP3A4; therefore,
CYP3A4 drug interactions are less important.66 However,
based on the summary of product characteristics, apixaban
should be used with caution if co-administered with strong
inducers of both CYP3A4 and P-gp.4 Dabigatran has few
clinically significant drug–drug interactions, but it (similar to
rivaroxaban) is a P-gp substrate. Therefore, its concomitant
use with ketoconazole, verapamil, and amiodarone, which
may increase its anticoagulant effects, should be avoided,
whereas concomitant use with rifampicin may decrease
its effect.24 Erythromycin, ketoconazole, and amiodarone
are CYP3A4 inhibitors, which can increase the serum concentration of rivaroxaban and, therefore, increase the risk
for bleeding; clarithromycin is a strong CYP3A4 inhibitor
and a moderate P-gp inhibitor.67 Another group of drugs,
such as phenytoin and rifampicin, are known as CYP3A4
inducers and may increase the metabolism of rivaroxaban
and, consequently, decrease the degree of anticoagulation.
Compared with VKAs, the number of interactions of NOACs
with other drugs is very small because VKAs react with a
wide range of drugs, which manifests as significant changes
in their PK and PD.

Food interactions of NOACs
Unlike VKAs, which are affected by the intake of various
types of food, especially food products that contain vitamin K,
the actions of NOACs are not associated with food. This is
very important, as patients who receive these drugs do not
need to avoid any food products because there is no difficulty
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in balancing anticoagulant therapy.25 Under some circumstances, patients exhibit disturbed vitamin K metabolism,
such as inadequate intake of vitamin K from food, biliary
obstruction, and digestive disorders, which can manifest as
maldigestion and malabsorption in the gut, as well as disorders of the normal intestinal flora as a result of antibiotic
intake or intestinal infection.

Predictable PK and PD
Most authors agree that NOACs are characterized by predictable PK, which is an important advantage over VKAs.
Observations in Phase I and Phase II trials have revealed
that rivaroxaban has predictable PK properties, with absolute bioavailability after oral dosing. The rivaroxaban dose
is proportional to its PK with respect to its anticoagulant
effect, which increases in a linear manner with increasing
plasma concentration.28 Other NOACs may exhibit similar
predictable profiles, but some PK properties differ in various
ways, and this variation may be important in a given clinical
situation. However, in most cases, the PK and PD profiles of
rivaroxaban and dabigatran remain within acceptable limits.
Some studies have indicated that relevant PK and PD parameters are consistent independent of body weight,68 age, and
sex.69 The above data suggest the possibility of using a fixed
dose of these drugs, regardless of demographic variations,
with no requirement for anticoagulant monitoring.70

Rapid onset and offset of NOAC
action
The most important advantage of NOACs over VKAs is
the rapid onset of action, as this characteristic enables rapid
action (~1.5–3 hours) of the drug after oral administration;
rapid offset is also important in some conditions if patients
require surgical treatment. Additionally, rapid onset and
offset actions eliminate the need for initial treatment with a
parenteral anticoagulant in patients with acute thrombosis.
These properties of NOACs reduce the need for “bridging” patients at high risk of thrombosis with a parenteral
anticoagulant.63

Lack of need for laboratory
monitoring
As another important feature of NOACs, along with their
minimal drug–drug and food interactions and predictable
relevant PK and PD parameters, routine monitoring is not
required, regardless of body weight,68 age, sex,69 race, and
demographic variations. Additional advantages of NOACs
over VKAs include the wide therapeutic windows, greater
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efficacy in AF, and lower risk of intracranial hemorrhage,63
except for dabigatran, which at doses of 150 mg has an
intracranial hemorrhage rate equal to that of warfarin.12

Disadvantages of NOACs over VKAs
Despite the aforementioned advantages of NOACs over
VKAs, these drugs are not ideal because their use is limited
or contraindicated under some circumstances. For example,
none of the direct NOACs are approved to use drugs during
pregnancy or in babies and children.3 Additionally, NOACs
have not yet been applied in patients with mechanical mitral
valve issues (with increased rates of thromboembolic and
bleeding complications),71 patients with malignant disease,
and those with antiphospholipid syndrome, which is associated with a greater risk of thrombophilic states.25

Chronic kidney disease
Although a main advantage of NOACs is the lack of monitoring requirement, NOACs are not appropriate in some patients,
such as who have liver or kidney disease.72 Approximately
80% of dabigatran, but less rivaroxaban and apixaban (33%
and 25%, respectively), is eliminated through the kidneys
as an active drug. These values suggest that renal function
must be assessed before applying any of the NOAC drugs.
Indeed, the Cockroft–Gault formula should be used to calculate creatinine clearance by considering body weight.63
Therefore, the application of NOACs in chronic kidney disease should be performed with caution, especially in elderly
patients, as this group generally has moderate (creatinine
clearance 30–50 mL/min) or severe (10–30 mL/min) renal
insufficiency, with the area under the concentration–time
curve (AUC) increasing 2.7- and 6-fold and the plasma
elimination half-life increasing at least twofold. Furthermore,
dabigatran is not recommended in patients with severe renal
insufficiency73 because 80% of the drug is eliminated by the
kidney, whereas apixaban and rivaroxaban should be used
with caution, and dosage adjustment is necessary.74

Hepatic disease
Apixaban and rivaroxaban are contraindicated in hepatic
disease associated with coagulopathy and clinically relevant
risk. However, NOACs can be used in patients with moderate
liver insufficiency, though dosage adjustment is necessary. In
cases of severe hepatic impairment (eg, Child-Pugh Class C)
and cirrhotic patients with Child-Pugh Class B or C, rivaroxaban should not be administered,74 whereas in cases of mild or
moderate hepatic impairment, patients may be administered
apixaban with caution, and dose adjustments are required.
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Absence of a specific test

Conclusion

In general, NOAC therapy monitoring is not necessary. However, in some situations, such as the need for urgent surgical
intervention, intravenous thrombolysis in acute ischemic
stroke patients, intracerebral bleeding, and overdose, anticoagulation assessment is necessary. Finally, a new thrombolysis decision-making protocol for the standardized use of
NOACs in acute ischemic stroke patients potentially eligible
for intravenous thrombolysis has been recently developed
and is under further investigation in a larger study.75
Sensitive tests, such as the thrombin clotting time
and ecarin clotting time tests, can be used to quantify the
anticoagulant effects of dabigatran. The activated partial
thromboplastin time is less sensitive than the thrombin clotting time and ecarin clotting time tests.76,77 Recently, other
options, such as the heparin chromogenic assay, have been
suggested for the indirect measurement of apixaban levels.
Additionally, the plasma concentration of rivaroxaban can
be assessed using a chromogenic FXa assay, whereas the
plasma concentration of dabigatran can be quantified using
the HEMOCLOT dilute time assay.78,79

Because the application of oral anticoagulant therapy with
VKAs presents some difficulties related to major drug and
food interactions as well as other problems, such as great
individual variability in the effect and the need for continuous monitoring, additional anticoagulant drugs need to be
developed. Novel anticoagulant drugs called new oral anticoagulants or direct oral anticoagulants have been introduced
in the past 7 years. The advantages of NOACs over VKAs
are their high efficacy in preventing stroke in AF and NVAF,
lower incidence of major bleeding, convenience of use, minor
drug and food interactions, predictable PK and PD, rapid
onset and offset of action, short half-life, and lack of the need
for laboratory monitoring. However, some disadvantages
of NOACs should be mentioned, such as their higher cost,
the absence of specific antidotes, and limited experience
with these drugs. In addition, NOACs should not be used in
patients with severe renal and hepatic disease (absence of
validated monitoring test), patients with mechanical heart
valves, individuals younger than 18 years of age, and elderly
patients. Future studies will further clarify the role of NOACs
in preventing and treating thromboembolic disease.

Additional disadvantages
Additional disadvantages of NOACs compared with VKAs
are related to cost and the importance of compliance; some
patients cannot afford NOACs, and poor compliance with
short-acting oral anticoagulants (NOACs) increases the risk
for thromboembolic events. In these cases, VKAs remain
the drugs of choice.3 The short half-lives of NOACs can
be considered both an advantage and a disadvantage under
various circumstances. For example, the advantage of the
short half-life of an NOAC may be relevant for emergency
surgery and in cases of bleeding due to accumulation of the
drug in the blood, whereas the short half-life is a disadvantage if the patient forgets to take the drug, which could
put the patient at risk. The lack of a specific antidote is a
problem in the case of spontaneous bleeding from overdose
or in the case of traumatic injury requiring urgent surgical
intervention.55 The pharmaceutical company Boehringer
Ingelheim is conducting clinical studies of a dabigatran
antidote.80 In such cases, patients should be given blood
plasma products, such as fresh frozen plasma, concentration of prothrombin complex, or recombinant factor Xa.81
However, all of these products pose a problem, either
because they can cause thrombotic complications or they
are expensive. Indeed, there are financial issues due to the
high price of NOACs, which is a significant concern for
many patients.40
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