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Abstract
Thrombin inhibitors and direct factor

Xa inhibitors represent a major break-
through in the field of anticoagulation phar-
macotherapy. These novel agents have
replaced warfarin as the oral anticoagulant
of choice in certain indications, as they pos-
sess equal or superior efficacy and better
safety profiles. They have a quick onset of
action, predictable pharmacokinetic proper-
ties and minimal drug and food interactions.
So they do not require frequent blood mon-
itoring and dose adjustments as with war-
farin. Considering all the advantages, there
seems to be a rapid increase in the number
of patients who are started on these novel
anticoagulants. In this review, we highlight
the pharmacology of these direct oral anti-
coagulants and the evidence-based indica-
tions for their use. We aim to provide a clin-
ical overview for the non-specialist who
may be called upon to manage a patient who
is currently on one of these novel anticoag-
ulants. 

Introduction
For decades warfarin was the only anti-

coagulant that was available for oral admin-
istration. Due to its slow onset of action
warfarin still requires some form of par-
enteral anticoagulation at the start of its
therapy. Warfarin has a narrow therapeutic
window, so regular monitoring with the
international normalized ratio (INR) is
essential. As it has numerous food and drug
interactions, frequent fluctuations in the
INR is a common problem with long term
warfarin treatment. Studies have reported
that patients who are on warfarin for atrial
fibrillation (AF) spend more than half of
their treatment duration outside the recom-
mended INR window.1 Due to these disad-
vantages of warfarin, there was a great
interest in alternative oral anticoagulants. 

Dabigatran was the first successful oral
alternative to warfarin. Approval was grant-
ed for its use in 2010 as a thromboprophy-
laxis agent for non-valvular AF.  It had
numerous advantages over warfarin for
patients with AF, such as a quick onset of

action that made bridging therapy redun-
dant and the ability to be used at a fixed
dose without frequent therapeutic monitor-
ing. After dabigatran, rivaroxaban and apix-
aban were introduced to the market as oral
anticoagulants. Evidence kept accumulating
that these drugs were at least as effective as
warfarin as anticoagulants with similar or
better safety profiles. Considering drug
costs alone these new agents are more
expensive compared to warfarin.  However,
when overall costs of treatment are calculat-
ed they seem to be more cost-effective to
healthcare systems.2, 3

As a group, these drugs have been
referred to as novel oral anticoagulants
(NOACs), direct oral anticoagulants
(DOACs) and target specific oral anticoag-
ulants (TSOACs). Nonvitamin K oral
antagonist is an alternative interpretation
for the abbreviation NOAC. To avoid con-
fusion in the nomenclature, the
International Society for Thrombosis and
Haemostasis has suggested using the term
‘direct oral anticoagulants’ (DOACs) when
referring to these drugs.4

DOACs are not recommended for use
during pregnancy as available limited data
points towards a higher incidence of miscar-
riages and fetal anomalies.5 Randomized
clinical trials from the current decade have
come up with favorable evidence for using
these new drugs in cancer patients with
venous thromboembolism (VTE).6-8

Standard tests of coagulation, the INR
and the activated partial thromboplastin
time (APPT) are not reliable indicators to
assess the therapeutic effects of DOACs.
The drug levels in the body can be meas-
ured using sophisticated tests such as chro-
matography and chromogenic assays but
these tests are not readily available in the
day-to-day practice of most clinicians.9
However, as these drugs possess predictable
pharmacokinetics such monitoring is usual-
ly not required with their use.

For selected patients who require long
term anticoagulation, DOACs may be a bet-
ter choice than warfarin and this is reflected
in current trends of drug prescribing. As for
other anticoagulants, bleeding is a major
adverse effect of DOACs. With the intro-
duction of specific reversal agents, the
options for managing such bleeding
induced by DOACs is widening. In this
review, we discuss 4 DOACs that are avail-
able in the current market, namely dabiga-
tran, rivaroxaban, apixaban and edoxaban,
with emphasis on their pharmacology and
the evidence base for their use.

Dabigatran
Dabigatran was approved by the FDA in

2010 for the use of thromboprophylaxis in
non-valvular AF. At present, its use has
expanded to cover the management of VTE
as well. It is administered as a pro-drug
dibigatran etexilate, which is rapidly con-
verted to the active form dabigatran after
absorption. Dabigatran is a direct reversible
inhibitor of thrombin and acts on both free
and fibrin-bound thrombin.10,11

Following its administration, dabigatran
will take 0.5-2 hours to reach maximum
plasma concentrations.10 Eighty percent of
the absorbed drug is excreted by the kid-
neys so dose reductions are necessary for
those with renal impairment. Full therapeu-
tic doses can be given when the creatinine
clearance (CrCl) is >50mL/min and dose
reductions should be considered when the
CrCl is between 30-50 mL/min. Dabigatran
is not recommended when the CrCl is <30
mL/min or in dialysis-dependent patients.12

Dabigatran is not metabolized by the
cytochrome p450 enzymes of the liver, so
food and drug interactions are not as com-
mon as with warfarin. However, it is a sub-
strate for p-glycoprotein, a cell membrane-
bound drug efflux pump. Drug interactions
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may occur when dabigatran is co-adminis-
tered with agents that induce or inhibit the
p-glycoprotein system.10,11 Dabigatran is
said to be safe in mild to moderate liver dis-
ease but its use is not recommended when
there is severe liver impairment. Bleeding
and known hypersensitivity to the drug are
contraindications for its use. Common side
effects are bleeding and gastric irritation.10

INR and APPT may be prolonged in
those who are taking dabigatran, but these
changes do not truly reflect its therapeutic
effects. In fact, for the INR to become
abnormal in a patient who is on dabigatran,
the serum concentrations of the drug should
be 3-4 times above the recommended safe
therapeutic levels.13 In overdose, absorption
of the drug can be limited by administration
of activated charcoal within the first 2-3
hours of ingestion.  As dabigatran is mini-
mally bound to proteins, hemodialysis (HD)
is an effective intervention to remove the
drug from the circulation. Idarucizumab is a
specific antidote developed against dabiga-
tran. It binds to the thrombin binding site of
the dabigatran molecule with a much higher
affinity than thrombin.9 The REVERSE Ad
trial which assessed the efficacy of this anti-
dote concluded that it is safe and effective.14

Prothrombin concentrate, tranexamic acid
and desmopressin are acceptable alterna-
tives when dealing with a patient who needs
rapid reversal of dabigatran. However, fresh
frozen plasma (FFP) is not recommended
for this indication.13

Clinical trials and indications
The RE-LY trial compared the efficacy

of dabigatran against warfarin for the pre-
vention of embolic stroke in patients with
non-valvular AF. At a dose of 110 mg twice
daily dabigatran was as effective as war-
farin with a reduced risk of major bleeding.
When dabigatran was given 150 mg twice
daily its ability to prevent stroke was supe-
rior to warfarin and the risk of major bleed-
ing between the two drugs was similar.15

The RE-COVER trial which was pub-
lished in 2009 compared fixed-dose dabiga-
tran against INR adjusted warfarin for the
treatment of acute symptomatic venous
thromboembolic disease. All patients
recruited for the study were initially treated
with heparin or enoxaparin before being
randomized to receive dabigatran 150 g
twice daily or warfarin. According to the
findings of this study, fixed-dose dabigatran
was as effective and safe as warfarin for the
treatment of acute deep vein thrombosis
(DVT) or pulmonary embolism (PE).16

RE-SONATE study evaluated the suit-

ability of dabigatran as a long-term antico-
agulant for preventing recurrent venous
thromboembolism (VTE) in high-risk
patients. Patients who had completed 3
months of anticoagulation for proximal
DVT or PE and were considered to have a
high risk of recurrent VTE were recruited
for the study. They were randomized to
receive either dabigatran 150 mg twice
daily or warfarin (titrated to achieve an INR
of 2-3) for 6-18 months.  Dabigatran was
found to be as effective as warfarin for the
prevention of recurrent VTE in these
patients with a lower risk of bleeding.17

RE-MODEL and the RE-NOVATE tri-
als compared dabigatran against enoxaparin
as a pharmacological prophylactic agent for
VTE after total knee and total hip replace-
ment respectively. Both trials concluded
that dabigatran was as efficacious as enoxa-
parin and had a similar safety profile.18,19

The RE-ALIGN study explored the pos-
sibility of using dabigatran in patients with
mechanical heart valves, but the study had
to be terminated prematurely due to the
higher incidence of stroke and bleeding
noted in the dabigatran treated group com-
pared to those treated with warfarin.20 After
the dismal findings of this study, DOACs
have been contraindicated in patients with
prosthetic heart valves. However, some
argue that withholding DOACs in this
group of patients based on the findings of a
single study is irrational and further well-
designed studies are warranted to shed light
on this grey area.21

Rivaroxaban
Rivaroxaban, a direct inhibitor of factor

Xa was approved in 2011 for the prevention
of thromboembolism in non-valvular AF
and as a prophylactic agent for DVT in post
hip/knee arthroplasty patients.10 Unlike the
heparins which require antithrombin III for
their action, rivaroxaban is independent of
this cofactor. Although factor Xa bound to
thrombin is inaccessible to heparins,
rivaroxaban acts on bound factor Xa as
well, so it may be more effective in prevent-
ing clot propagation.3

The drug is rapidly absorbed after oral
administration and peak plasma concentra-
tions can be expected in 2-4 hours. Doses of
15 mg or above should be taken with
meals.3,10 One third of the drug is excreted
unchanged by the kidneys and the rest is
metabolized in the liver by the cytochrome
p 450 enzymes. The metabolized drug is
excreted via urine and bile. Being a sub-
strate for cytochrome enzymes and the p-
glycoprotein membrane efflux channel,

rivaroxaban will have drug interactions
with inducers and inhibitors of these two
systems.3

Dose reduction should be considered
when rivaroxaban is prescribed for patients
with renal impairment when the CrCl is 50-
15 mL/min.12 It can be used safely in
Child’s A liver disease. Rivaroxaban is not
recommended for use when the CrCl is <15
mL/min or in moderate or severe (Child’s B
and C) liver disease. 

Absolute contraindications for the use
of rivaroxaban are active bleeding and
known hypersensitivity to the drug.
Bleeding is the most common side effect.
Headache, diarrhea or constipation, abdom-
inal pain, limb oedema and elevation of
liver transaminases are the other minor side
effects that have been reported with its
use.10

Rivaroxaban may cause a rise in the
INR and APTT, but these tests are not accu-
rate indicators of its therapeutic effect. In
rivaroxaban overdose, activated charcoal
can be used to limit absorption.  However, it
should be used within 8 hours of drug inges-
tion.10 As close to 95% of the drug is protein
bound, HD is not effective in rivaroxaban
overdose.9 Andexanet alfa is a recently
introduced antidote for the management of
life-threatening bleeding caused by factor
Xa inhibitors. It is a structural analogue of
factor Xa and binds to direct factor Xa
inhibitors and antithrombin bound heparin,
effectively blocking their anticoagulant
effect. Due to its short half-life andexanet
needs to be given as a continuous infusion
until desired haemostasis is achieved.9,22

When andexanet alfa is not available, pro-
thrombin concentrate, tranexamic acid and
desmopressin are useful alternatives for
reversing the effects of rivaroxaban.13

Clinical trials and indications 
Rivaroxaban vs warfarin in nonvalvular

atrial fibrillation (ROCKET AF) trial was a
non-inferiority trial that compared once-
daily rivaroxaban at a dose of 20 mg against
INR adjusted warfarin for thromboprophy-
laxis in nonvalvular AF. The study conclud-
ed that rivaroxaban was as effective as war-
farin for this indication with less risk of
intracranial and other fatal bleeds.23

EINSTEIN DVT and EINSTEIN PE tri-
als provided evidence that rivaroxaban had
equal efficacy to warfarin with regards to
prevention of recurrent VTE when used on
a short-term basis for acute DVT and PE.
Both studies used rivaroxaban at a dose of
15 mg twice daily for 3 weeks followed by
20 mg once daily for 3-12 months dura-
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tion.24,25 The extension of the EINSTEIN
DVT study compared continued therapy
with rivaroxaban 20 mg daily against place-
bo for a further 6-12 months in patients who
had completed 6-12 months therapy of anti-
coagulation for venous thromboembolic
disease. The group treated with rivaroxaban
had fewer episodes of recurrent VTE with a
non-fatal major bleeding risk of 0.7%.24 So
rivaroxaban appears to be an efficacious
agent with an acceptable safety profile for
continuous treatment of patients at a high
risk of recurrent VTE.

Antiphospholipid syndrome (APLS) is
an autoimmune disorder that predisposes to
thromboembolism and adverse pregnancy
outcomes. A study published in 2018 com-
pared rivaroxaban 20 mg (15 mg in renal
impairment) once daily against warfarin
(INR target 2.5) in patients with high-risk
APLS. High-risk APLS was defined as
triple positivity for lupus anticoagulant,
anti-cardiolipin and anti-β2-glycoprotein I
antibodies. The study had to be stopped pre-
maturely as patients on the rivaroxaban arm
had increased thromboembolic and bleed-
ing events.26 These findings have led to
recent guidelines recommending against the
use of DOACs in patients with APLS.27

The recently published SELECT D
study compared low molecular weight
heparin (LMWH) and rivaroxaban for the
prevention of recurrent thromboembolic
events in cancer patients with acute PE or
proximal DVT. Patients were randomized to
receive either dalteparin (dose adjusted
according to body weight) or rivaroxaban
(15 mg twice a day for 3 weeks followed by
20 mg daily). The total duration of treat-
ment was 6 months. The group given
rivaroxaban had fewer recurrent VTE
events. The incidence of major bleeding
was not different among the 2 groups but
rivaroxaban treated patients had a higher
incidence of clinically significant non-
major bleeding events.6

The efficacy of rivaroxaban as a throm-
boprophylaxis agent after arthroplasty was
proven by the RECORD trials. As per the
results of RECORD 1 and 2 studies, once-
daily rivaroxaban 10 mg was superior to
subcutaneous enoxaparin in preventing
thromboembolism after total hip arthroplas-
ty with a similar risk of bleeding.28,29

According to RECORD 3 and 4 trials,
rivaroxaban 10 mg once daily proved to be
more effective than subcutaneous enoxa-
parin after total knee arthroplasty as a phar-
macological thromboprophylaxis agent.30,31

The COMPASS trial was a randomized
controlled clinical trial published in 2017
which evaluated the efficacy of rivaroxaban
as an agent for secondary prevention of
adverse cardiovascular events in patients

with stable atherosclerosis. Study partici-
pants were randomized into 3 groups. One
group was given aspirin 100 mg daily. The
second and third groups received rivaroxa-
ban 5 mg twice daily or aspirin 100 mg
daily plus rivaroxaban 2.5 mg twice daily.
Rivaroxaban plus aspirin was found to be
better at preventing secondary cardiovascu-
lar events at the cost of more major bleed-
ing. Rivaroxaban alone was not more effi-
cacious than aspirin but had more bleeding
events.32 The VOYAGER PAD study
recruited 6564 patients who have under-
gone lower extremity revascularization pro-
cedures and randomized them to receive
rivaroxaban 2.5 mg twice daily and aspirin
or aspirin plus placebo. The study aimed to
study the efficacy of adding rivaroxaban to
aspirin in preventing adverse limb events
(acute limb ischaemia and major amputa-
tions), myocardial infarction, ischaemic
stroke or death due to cardiovascular
events. The study found out that the addi-
tion of rivaroxaban was effective in reduc-
ing the incidence of all these adverse end-
points. The incidence of major bleeding
events in the rivaroxaban treated group was
higher when major bleeding was defined as
per the International Society on Thrombosis
and Haemostasis criteria.33

Apixaban
Apixaban is a direct factor Xa inhibitor

with a similar mechanism of action to
rivaroxaban. It was approved in 2012 for
VTE prophylaxis after total hip or knee
arthroplasty. After oral administration, the
drug is rapidly absorbed and maximum
plasma concentrations are achieved in 1-3
hours.3 The drug is metabolized by the liver
and the kidney and mainly excreted by the
liver. As apixaban is a substrate for the
cytochrome p450 enzymes drug interaction
should be expected when patients are con-
currently on inducers or inhibitors of this
enzyme system. Apixaban is not recom-
mended in patients with severe liver disease
or end stage kidney disease. It can be used
with caution when there is mild to moderate
liver impairment. When the CrCl is 15-30
mL/min the apixaban dose should be
reduced.12

Active bleeding and known hypersensi-
tivity to apixaban are contraindications for
its use. The commonly reported side effects
are bleeding, nausea, vomiting and eleva-
tion of liver enzymes.10

As with other DOACs, apixaban may
prolong APTT and INR but these tests are
not used for monitoring its therapeutic
effect. In apixaban overdose activated char-

coal can be given within 6 hours to reduce
gut absorption. As most of the drug in the
systemic circulation is protein-bound, dial-
ysis is not a useful option for managing
overdose. Andexanet alfa is an effective
antidote to reverse the effects of apixaban.
As for other DOACs, FFP is not a recom-
mended agent to counteract the action of
this drug. However, prothrombin concen-
trate, tranexamic acid and desmopressin can
be used for the rapid reversal of apixa-
ban.9,13

Clinical trials and indications
Apixaban vs warfarin in patients with

atrial fibrillation (ARISTOTLE) trial com-
pared apixaban 5 mg twice daily against
INR-adjusted warfarin in patients with atri-
al fibrillation. According to study conclu-
sions, apixaban was superior to warfarin in
preventing stroke and other embolic phe-
nomena in patients with AF. The incidence
of bleeding was also less.34

The AVERROES study recruited
patients with AF with a high risk of throm-
boembolism, who were not suitable for war-
farin therapy. They were randomized to
receive either apixaban 5 mg twice daily or
aspirin and followed up. The study had to
be terminated prematurely as apixaban had
a clear advantage in these patients for pre-
vention of stroke and other systemic embol-
ic phenomena without increasing major
bleeding episodes.35

ADVANCE 1 trial was a non-inferiority
trial that compared apixaban against subcu-
taneous enoxaparin for VTE prophylaxis
after total knee replacement. Patients were
randomized to receive either apixaban 2.5
mg twice daily or enoxaparin 30 mg twice
daily for a total duration of 10-14 days after
the surgery.  Those who received apixaban
had fewer bleeding manifestations but the
drug did not meet the predefined non-inferi-
ority criteria set out in the study protocol.36

In the ADVANCE 2 trial, post knee arthro-
plasty patients were given apixaban 2.5 mg
twice daily or a single daily dose of enoxa-
parin 40 mg for 10-14 days following sur-
gery. Apixaban at the given dose was found
to be more effective in preventing VTE
compared to once-daily enoxaparin without
an increase in bleeding events.37

ADVANCE 3 trial evaluated apixaban
2.5 mg twice daily vs enoxaparin 40 mg
once daily for VTE prophylaxis in patients
who have undergone hip arthroplasty. Both
drugs were continued for 35 days post-
surgery. The incidence of VTE was signifi-
cantly less in the apixaban treated group
while the risk of bleeding was similar
between the 2 groups.38
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The AMPLIFY investigators studied the
efficacy and safety of apixaban as a thera-
peutic agent for acute VTE. They random-
ized patients with DVT or PE to receive
apixaban or conventional therapy with war-
farin bridged with enoxaparin. The apixa-
ban treatment arm received 10 mg of the
drug twice a day for 7 days followed by 5
mg twice a day for 6 months. The DOAC
was found to be non-inferior to warfarin for
the prevention of recurrent VTE events with
a lesser risk of bleeding episodes.39 As per
the results of AMPLIFY-EXT study, contin-
uing treatment with apixaban at a therapeu-
tic dose of 5 mg twice a day or at a prophy-
lactic dose of 2.5 mg twice a day in patients
who had completed 6-12 months of antico-
agulant therapy for a proven episode of
VTE was associated with a reduction of
recurrent thromboembolic events. It was
noted that there was no increase in the risk
of major bleeding when such extended
treatment was continued. However, the
patients in the study who received such
long-term anticoagulation were not a high-
risk group for recurrent VTE.40

Apixaban is a DOAC that has proven
efficacy for the use in patients with cancer-
associated VTE. According to results pub-
lished by the Caravaggio Investigators,
when apixaban was compared to subcuta-
neous dalteparin in patients with cancer and
proximal DVT or PE, the DOAC was non-
inferior to the LMWH for the prevention of
recurrent thrombo-embolic episodes with-
out increasing the risk of bleeding.7 The
dosing of apixaban used in this study was as
same as in the AMPLIFY study.39

Edoxaban
Edoxaban is another direct factor Xa

inhibitor approved by the FDA in 2015. It is
currently approved for use in patients with
non-valvular AF and VTE. After oral
administration edoxaban takes 1-2 hours to
reach peak plasma concentrations. Fifty
percent of the drug is excreted by the kid-
neys unchanged. Small amounts are metab-
olized by the cytochrome p450 enzymes in
the liver. It is a substrate for p glycoprotein
efflux pump as well. Drug interactions can

occur with inducers or inhibitors of these
two systems. The drug appears safe in mild
to moderate liver disease. Renal impairment
will significantly alter its pharmacokinetics,
so dose adjustments are necessary.10,41

Current guidelines recommend halving the
dose of edoxaban when the CrCl is between
15-50 mL/min and avoiding it when the
CrCl is <15 mL/min.12

Standard tests of coagulation, the INR
and the APTT can be prolonged when tak-
ing edoxaban, but the effects of the drug on
these tests are unpredictable and small, so
they are not useful for therapeutic monitor-
ing.36 In overdose, it is unclear whether
activated charcoal or haemodialysis is of
benefit. Being a factor Xa antagonist,
andexanet alfa can be used for reversing the
effects of this drug.9

Trials and indications
The ENGAGE AF TIMI 48 trial com-

pared edoxaban versus warfarin for the pre-
vention of embolic complications in
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Table 1. Summary of indications and dosing for direct oral anticoagulants in otherwise healthy individuals and those with renal impair-
ment (dabigatran is contraindicated when the creatinine clearance (CrCl) is <30 mL/min, rivaroxaban, apixaban and edoxaban are con-
traindicated when the CrCl is <15 mL/min).                                                                                      

Drug                  Indication                                              Dosage in otherwise healthy individuals          Dosage in renal impairment 

Dabigatran              Prevention of stroke and systemic                 150 mg twice daily                                                                    When CrCl is 30-50 mL/min use 110 mg 
                                  embolism in non-valvular AF                                                                                                                                  twice daily
                                 Treatment of acute VTE                                     150 mg twice daily (after at least 5 days of                       When CrCl is 30-50 mL/min use 110 mg 
                                                                                                                   parenteral anticoagulants)                                                    twice daily (after at least 5 days of 
                                                                                                                                                                                                                        parenteral anticoagulants)
                                 Extended treatment for prevention               150 mg twice daily                                                                    When CrCl is 30-50 mL/min use 110 mg 
                                  of recurrent VTE in high-risk individuals                                                                                                            twice daily
                                 Thromboprophylaxis after THR/ TKR              150 mg once daily                                                                     When CrCL is 30-50 mL/min initial dose of
                                                                                                                                                                                                                        75 mg followed by 150 mg daily
Rivaroxaban            Prevention of stroke and systemic                 20 mg once daily                                                                       When CrCl is 15-50 mL/min use 15 mg 
                                  embolism in non-valvular AF                             once daily
                                 Treatment of acute VTE                                     15 mg twice daily for 3 weeks,                                             When CrCl is 15-50 mL/min use 15 mg
                                                                                                                   then 20 mg once daily                                                             twice daily for 3 weeks and consider a 
                                                                                                                                                                                                                        reduced dose of 15 mg daily thereafter
                                 Extended treatment for prevention               20 mg once daily                                                                       When CrCl is 15-50 mL/min consider a 
                                  of recurrent VTE                                                                                                                                                       reduced dose of 15 mg daily
                                 Thromboprophylaxis after THR/ TKR              10 mg once daily                                                                      When CrCl 15-50 mL/min use 10 mg 
                                                                                                                                                                                                                        once daily
Apixaban                  Prevention of stroke and systemic                 5 mg twice daily                                                                        When CrCl is 15-50 mL/min use 2.5 mg
                                  embolism in non-valvular AF                                                                                                                                  twice daily
                                                                                                                                                                                                                        When creatinine is >133µmol/L with age 
                                                                                                                                                                                                                        80 years or above Or weight <60kg use 
                                                                                                                                                                                                                        2.5 mg twice daily
                                 Treatment of VTE                                                 10 mg twice daily for 7 days,                                                 When CrCl is 15-50 mL/min use 10 mg 
                                                                                                                   then 5 mg twice daily                                                              twice daily for 7 days, then 5 mg twice
                                                                                                                                                                                                                        daily, with caution
                                 Thromboprophylaxis after THR/ TKR              2.5 mg twice daily                                                                     When CrCl is 15-50 mL/min use 2.5 mg
                                                                                                                                                                                                                        twice daily, with caution
Edoxaban                Prevention of stroke and systemic                 60 mg daily                                                                                 When CrCl is 15-50 mL/min use 30 mg
                                  embolism in non-valvular AF                                                                                                                                once a day
                                 Treatment of VTE                                                 60 mg daily (after at least 5 days of                                    When CrCl is 15-50 mL/min 30 mg once
                                                                                                                   parenteral anticoagulants)                                                    a day (after at least 5 days of parenteral 
                                                                                                                                                                                                                        anticoagulants)
AF, atrial fibrillation; CrCl, creatinine clearance; VTE, venous thromboembolism; THR, total hip replacement; TKR, total knee replacement.                                     
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patients with non-valvular AF. Edoxaban
was given as a low dose (30 mg/day) or a
high dose (60 mg/day). Both regimens of
edoxaban were non-inferior to warfarin in
preventing systemic embolism and had
fewer bleeding complications as well as
fewer cardiovascular deaths.42

Edoxaban was explored as a treatment
option for acute VTE by the Hokusai VTE
investigators. In their randomized con-
trolled clinical trial, they compared edoxa-
ban against warfarin and concluded that
edoxaban was non-inferior to warfarin
when given for patients with acute DVT or
PE for the prevention of recurrent VTE. The
lesser bleeding risk associated with edoxa-
ban was an additional advantage. Patients in
both treatment arms of this study were ini-
tially treated with heparin. Edoxaban was
given at a dose of 60 mg/day or at a reduced
dose of 30 mg/day when the CrCl was 30-
50 mL/min or when the body weight was
<60 kg. Warfarin dose was titrated to
achieve a target INR of 2-3.43 A post-hoc
analysis of the same study compared the
efficacy and safety of continuing treatment
with either agent up to 12 months. The dos-
ing protocols for edoxaban and warfarin
were similar to the 3-month study. As per
the results of this post-hoc analysis, once
daily edoxaban was an acceptable alterna-
tive to warfarin for extended treatment in
patients with a history of VTE.44

According to a different study by the
Hokusai VTE Cancer investigators, oral
edoxaban was found to be a non-inferior
alternative to LMWH with regards to effica-
cy and safety when used in cancer patients
with acute VTE. Patients with cancer and a
concomitant diagnosis of acute PE or prox-
imal DVT were randomized to 2 groups that
received either weight-adjusted dalteparin
or edoxaban for a total duration of 6-12
months. Edoxaban was given at a dose of 60
mg/day following a course of LMWH for 5
days. The edoxaban treated group had fewer
recurrent thrombo-embolic episodes at the
cost of more major bleeding events.8

Discussion and conclusions
With their proven efficacy and safety

profiles, DOACs represent an attractive
alternative to warfarin for selected patients
who have an indication for long term anti-
coagulation. Their quick onset of action,
limited drug interactions and predictable
therapeutic effects make them a more con-
venient choice compared to warfarin.
Recent guidelines recommended DOACs as
the first line anticoagulants for the treat-
ment of provoked proximal DVT and non-

valvular AF.27,45 The available armamentar-
ium for the management of DOAC induced
bleeding is expanding. As DOACs are
becoming more mainstream, clinicians are
more likely to encounter patients who are
on these agents. The knowledge on pharma-
cology, side effects and dosing of these
novel anticoagulants becomes useful when
managing such patients as well as in pre-
scribing these agents for patients more suit-
ed for DOAC based anticoagulation.
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