Comparison between New Oral Anticoagulants and Warfarin
Warfarin was the mainstay of oral anticoagulant therapy until the recent discovery of more precise
targets for therapy.
In recent years, several new oral anticoagulants (NOACs) have been introduced and more drugs are
currently under development. These drugs have given patients and providers alternatives to heparin and
warfarin, mainly for prophylaxis against stroke in patients with atrial fibrillation (AF),
prophylaxis/treatment of venous thromboembolism (VTE) and in treatment of acute coronary
syndrome (ACS).
The NOACs fall into two broad categories: the oral direct factor Xa (FXa) inhibitors (rivaroxaban
(Xarelto®) and apixaban (Eliquis®) ) and the oral direct thrombin inhibitor (dabigatran etexilate
(Pradaxa®), the prodrug of dabigatran). Other direct FXa inhibitors being investigated in clinical trials
are edoxaban and betrixaban and are pending approval at the moment.
 The NOACs differ from warfarin in :
- Mechanism of action because of direct inhibition of proteins of the coagulation cascade.
- They have more predictable pharmacokinetics leading to fixed and convenient dosing
regimens.
- No need for routine monitoring.
- Rapid onset of action.
- No interaction with food.
Some of their limitations are the higher cost, limited monitoring (if needed, as only qualitative
measures available) and the lack of a specific antidote.
The following Table 1 show the pharmacokinetics characteristics and indications of the new oral
anticoagulants compared with warfarin.
Table 1. Pharmacokinetics characteristics and indications of the new oral anticoagulants compared with warfarin.
Characteristics

Warfarin

Dabigatran

Apixaban

Rivaroxaban

Betrixaban

Edoxaban

Molecular weight (Da)

308

628

460

436

452

548
a

Bioavailability (%)

98

6–7

66

63–79

40–80

50a

tmax (h)

72–120

2–3

1–3

2–4

NR

1–3

a

t1/2 (h)

20–60

7–17

8–15

7–13

5

9–11

Protein binding (%)

99

35

87

95

NR

54

Food effect

Yes

Delayed
absorption

No

Delayed absorption

No

No

Dosing regimen

once daily

twice daily

twice daily

once daily

once daily

once daily

Metabolism/elimination

100% liver

80% renal
20% liver

25% renal
75% fecal

1/3 renal 2/3 liver

5% renal
95% liver

35% renal
65% liver

Substrate CYP

2C9, 3A4

No

3A4

3A4, 2J2

No

3A4

Substrate P-gp

No

Yes

Yes

Yes

No

yes

Food interaction

Yes

No

No

No

No

NR

Monitoring required

INR

No

No

No

No

No

Target

II, VII, IX, X,
P-S, P-C

II

Xa

Xa

Xa

Xa

Antidote

Yes

No

No

No

No

No

Typical effective dose

INR guided

150 mg or
220 mg once

2.5 bid (VTE
prophylaxis)*

10 mg once daily
(VTE prophylaxis)*

In
development

30 mg
(VTE

daily (VTE
prophylaxis)*

15 mg twice daily
(1–21) followed by

75 mg or 150
mg twice

20 mg once daily
(DVT

daily (AF) ‡

treatment/prevention
of recurrent

prophylaxis
)

VTE)$20 mg once
daily (AF)‡
Approved indications

Approved for
VTE prevention
and treatment of
the
thromboembolic
complications
associated with
AF and cardiac
valve
replacement,
and secondary
prevention after
MI

Approved for
VTE
prevention
after elective
hip or knee
replacement
in adults and
for
prevention of
stroke and
systemic
embolism in
patients with
nonvalvular

Approved for
VTE
prevention
after elective
hip or knee
replacement
in adults.
Stroke
prevention
and systemic
emolization
in
nonvalvular
AF

Approved for VTE
prevention after
elective hip or knee
replacement in
adults, for
prevention of stroke
and systemic
embolism in patients
with nonvalvular
AF, and for
treatment of acute
DVT and prevention
of VTE recurrence

Has not
been
approved
yet

Only
approved in
Japan for
VTE
prophylaxis
joint
replacement

AF
Adapted from Poulsen et al. [2012], Lip et al. [2012] and Perez et al. [2013].
ACS, acute coronary syndrome; AF, atrial fibrillation; CYP, cytochrome P450; DVT, deep vein thrombosis; INR, international
normalized ratio; MI, myocardial infarction; NR, not reported; P-C, protein C; P-gp, P glycoprotein; P-S, protein S; t½, terminal
elimination half-life; tmax, time to reach maximal plasma concentration; VTE, venous thromboembolism.
*Approved dose for VTE prevention in adult patients undergoing elective hip or knee replacement surgery.
$
Approved dose for treatment of acute DVT and prevention of recurrent DVT and PE.
‡
Approved dose for prevention of stroke and systemic embolism in adult patients with nonvalvular AF.

Renal Clearance of warfarin and NOACs
No dosage adjustment for warfarin is necessary in renal impairment. However, patients with renal failure
have an increased risk of bleeding complications; so monitor closely.
Given that all the NOACs are partially excreted by the kidneys, careful watch over the creatinine clearance
(CrCl) will avoid excessive drug accumulation in the body.
Dabigatran serves as a substrate for P-gp and although CYP3A4 has no role in its metabolism, changes in its
bioavailability can be expected if other drugs that are strong P-gp inhibitors, such as amiodarone, verapamil,
ketoconazole, quinidine or clarithromycin, or inducers such as rifampicin and St John's wort are used.

However, since a third of rivaroxaban is cleared by the kidneys, it has been approved for use in patients with
severe renal insufficiency (CrCl level between 15 and 29 ml/min). On the other hand, CYP3A4 plays a role in
the metabolism of rivaroxaban and drug–drug interactions are quite likely if inhibitors and inducers of
CYP3A4 are concomitantly administered.
The following Table 2 shows the approved dosing for NOACs according to indication and renal function.
Table 2. Approved dosing according to indication and renal function.
Drug and indication

Renal function classification
Normal
CLcr ≥
90
ml/min

Mild
CLcr
60–89
ml/min

Moderate
CLcr 30–
59 ml/min

Severe CLcr
15–29 ml/min

End-stage renal
disease CLcr <15
ml/min

Atrial
fibrillation/EMA

150 mg
twice
daily

150 mg
twice
daily

110 mg
twice daily

Contraindicated

Contraindicated

Atrial fibrillation/FDA

150 mg
twice

150 mg
twice

150 mg
twice daily

75 mg twice
daily$

Contraindicated

daily

daily

VTE prophylaxis joint
replacement

220 mg
once
daily

220 mg
once
daily

150 mg
once daily

Contraindicated

Contraindicated

VTE treatment (not

150 mg

150 mg

150 mg

Contraindicated

Contraindicated

yet approved)

twice
daily

twice
daily

twice daily

Atrial fibrillation

20 mg
once
daily

20 mg
once
daily

15 mg once
daily

15 mg once
daily

Contraindicated

VTE prophylaxis joint

10 mg
once
daily

10 mg
once
daily

10 mg once
daily

Use with caution

Contraindicated

15 mg
twice

15 mg
twice

15 mg
twice

15 mg twice
daily/15 mg

Contraindicated

daily/20
mg once

daily/20
mg once

daily/15
mg once

once daily

daily

daily

daily

5 mg
twice
daily

5 mg
twice
daily

5 mg twice
daily

Dabigatran

Rivaroxaban

replacement
VTE treatment

Apixaban
Atrial
fibrillation/EMA/FDA

2.5 mg twice
daily

Contraindicated

VTE prophylaxis joint
replacement

2.5 mg
twice
daily

2.5 mg
twice
daily

2.5 mg
twice daily

Use with caution

Contraindicated

30 mg

30 mg

30 mg once

Contraindicated

Contraindicated

once
daily

once
daily

daily

Edoxaban*
VTE prophylaxis joint
replacement

Adapted from Poulsen et al. [2012] and Turpie et al. [2012].
*Only approved in Japan.
$
Dose based on pharmacokinetic modeling, not on randomized control trials.
CLcr, creatinine clearance; EMA, European Medicines Agency; FDA, US Food and Drug Administration; VTE,
venous thromboembolism.

Emergent Reversal of Warfarin and NOACs
Urgent reversal of the old as well as new oral anticoagulants is of paramount importance and is often required in
emergency surgery, or bleeding associated with intracranial hemorrhage.
While NOACs have several advantages over warfarin, the major disadvantage, rather, a challenge is the lack of
specific antagonists in perioperative care and bleeding management. Emergent reversal of NOACs is mandatory
in cases of life-threatening bleeding or when emergency surgical intervention warrants correction of coagulation
processes.
Figure1 illustrates the management of an elevated INR in patients taking warfarin and Figure 2 illustrates the
management guideline for bleeding while taking dabigatran, rivaroxaban or apixaban.
Figure 1: Management of an elevated INR in patients taking warfarin

Figure 2: Management guideline for bleeding while taking dabigatran, rivaroxaban or apixaban

Adapted from Baumann Kreuziger et al. [2012].
CLcr, creatinine clearance; ECT, ecarin clotting time; NOAC, new oral anticoagulant; PCC,
prothrombin complex concentrate; rFVIIa, recombinant activated factor VII; TT, thrombin time.

For life-threatening bleeding complications with dabigatran treatment, hemodialysis and hemofiltration
could be options as dabigatran is dialyzable due to its relatively low (35%) plasma protein
binding. However, dialysis is not suitable for rivaroxaban because of its high (95%) protein
binding. Currently, there is no specific antidote for any of these agents.
There is no place for the use of vitamin K or fresh frozen plasma (FFP) in the reversal of these agents.
Prothrombin complex concentrate (PCC) contains factors II, VII, IX and X or factor viii inhibitor
bypass activity (FEIBA) containing activated clotting factors II, VII, IX and X may be partially
effective in overcoming the effect of dabigatran and also rivaroxaban.
The following Table 3 shows the actions to evaluate and nonspecific reversal agents to use with the
new oral anticoagulants.

Table 3. Actions to evaluate and nonspecific reversal agents to use with the new oral anticoagulants.
Drug

Therapeutic options

Dabigatran

Stop treatment with OACs
Haemodialysis
PCC (25 U/kg, repeat if needed)
rFVIIa (90 μg/kg)

Rivaroxaban

Stop treatment with OACs
PCC (25 U/kg, repeat if needed)
FEIBA (50 IE/kg, max 200 IE/day)
rFVIIa (90 μg/kg)

Apixaban

Stop treatment with OACs
PCC (25 U/kg, repeat if needed)
FEIBA (50 IE/kg, max 200 IE/day)
rFVIIa (90 μg/kg)

Edoxaban

Stop treatment with OACs
PCC (25 U/kg, repeat if needed)
FEIBA (50 IE/kg, max 200 IE/day)
rFVIIa (90 μg/kg)

Adapted from Miesbach and Seifried [2012].
The therapeutic options are not validated by large-scale trials.
OAC, oral anticoagulant; PCC, prothrombin complex concentrate; rFVIIa, recombinant activated factor VII.

Periprocedural Management of Patients on Warfarin and Chronic NOACsTherapy
The challenge in periprocedural management of patients receiving anticoagulant therapy focuses on the need
to balance the risk of thromboembolism (in case of anticoagulation interruption) against the risk of bleeding
during the procedure (in case of anticoagulation continuation).
Traditionally, the use of periprocedural bridging therapy with heparin, either unfractionated heparin or lowmolecular-weight heparin (LMWH), reduce the risk of periprocedural thromboembolism by allowing for
continued anticoagulation during temporary discontinuation of warfarin for an elective procedure or surgery.
Figure 3 below shows an overview of perioperative management of warfarin therapy and heparin bridging
before and after surgery/procedure.

Figure 3: overview of perioperative management of warfarin therapy and heparin bridging
before and after surgery/procedure

This research was originally published in Blood. Douketis JD. Perioperative
management of patients who are receiving warfarin therapy: an evidence -based
and practical approach. Blood 2011; 117:5044. Copyright © 2011 American
Society of Hematology.

Thus, for the time being, the usual, although empirical, approach includes elective interruption of NOACs
therapy before surgery, with timing of anticoagulant discontinuation depending on the half-life of the
anticoagulant, the patient's renal function and the surgical risk of bleeding .

Table 4 summarizes recommendations regarding timing of discontinuation of the main NOACs before
standard and high-risk bleeding procedures.
High-bleeding risk procedures including cardiac surgery, neurosurgery, abdominal surgery or procedures
requiring spinal anesthesia.

Table 4. Discontinuation guide for the main new oral anticoagulants, before standard and highrisk bleeding procedures.
Renal function

Dabigatran

Rivaroxaban

Apixaban

(CLcr ml/min )

Standard

High risk

Standard

High risk

Standard

High risk of

risk of

of

risk of

of

risk of

bleeding

bleeding

bleeding

bleeding

bleeding

bleeding

>50

24 h

2–4 days

24 h

3 days

24–36 h

3 days

30–50

48 h

4 days

48 h

3 days

48 h

4 days

<30

2–5 days

>5 days

3 days

4 days

Adapted from van Ryn et al. [2010], Spyropoulos and Douketis [2012] and Baumann Kreuziger et al. [2012].
CLcr, creatinine clearance.

Timing of resumption of NOACs after surgery depends on bleeding risks and the dose used, as summarized
in Table 5.

Table 5. Postoperative resumption of new oral anticoagulants: a suggested management
approach.
Drug

Low bleeding risk surgery

High bleeding risk surgery

Dabigatran

Resume on day after surgery (24 h

Resume 2–3 days after surgery (48–72 h

postoperative), 150 mg twice daily

postoperative), 150 mg twice daily*

Resume on day after surgery (24 h

Resume 2–3 days after surgery (48–72 h

postoperative), 20 mg once daily

postoperative), 20 mg once daily$

Resume on day after surgery (24 h

Resume 2–3 days after surgery (48–72 h

postoperative), 5 mg twice daily

postoperative), 5 mg twice daily$

Rivaroxaban
Apixaban

Adapted from Spyropoulos and Douketis [2012].
Standard dosages shown, consider dose reduction in cases of renal function impairment (creatinine clearance < 50
ml/min).
*For patients at high risk for thromboembolism, consider administering a reduced dose of dabigatran (e.g. 110–150
mg once daily) on the evening after surgery and on the following day (first postoperative day) after surgery.

Efficacy and risk of bleeding for warfarin versus NOACs
A large meta-analysis assess the safety and efficacy of NOACs versus warfarin for the prevention of stroke in
patients with atrial fibrillation indicated NOACs protect against stroke or systemic embolism better
than warfarin and compare favorably on safety in patients with atrial fibrillation (AF). In contrast, the risk of
gastrointestinal bleeding was greater on the NOACs.
NOACs are effective for the long term treatment for VTE with reduced risk with VTE related deaths
compared with placebo but similar efficacy to warfarin.

The cost of warfarin versus NOACs in Jordan
Drug

Dosage form

Warfarin( Orfarin®)
Dabigatran (Pradaxa®)

3 mg, 5 mg tablet
75,110,150 mg
capsule

Rivaroxaban(Xarelto®)

15, 20 mg tablet

Number of
tablet,capsule
100 tablets
60 capsules

Cost(JD)
3.71 , 5.2
101.39

28 tablets

92.66
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