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Introduction :

Non-vitamin K antagonist oral anticoagulants 
(NOACs) or Initially referred to as Novel oral 
anticoagulants or now called Direct oral 
anticoagulants (DOACs) are an alternative for 
vitamin K antagonists (VKAs) to prevent stroke in 

1-3patients with atrial fibrillation (AF).  Ultimately, 
both terms are interchangeable when referring to the 
direct factor Xa inhibitors - apixaban, edoxaban, and 
rivaroxaban as well as the direct thrombin inhibitor 
dabigatran. Non-vitamin K antagonist oral 
anticoagulants have an improved efficacy / safety 
ratio, a predictable anticoagulant effect without 
need for routine coagulation monitoring, and fewer 
food and drug interactions compared with VKAs.

Mechanisms of Action:

Dabigatran an oral direct thrombin inhibitor (DTI), 
was the first NOAC to be approved for stroke 
prevention in atrial fibrillation; rivaroxaban and 
apixaban, direct factor Xa (FXa) inhibitors followed 
dabigatran.

Hemostasis involves several processes. These 
include platelet activation, generation of fibrin by 
activated coagulation factors, inhibition of 
procoagulant factors to prevent excessive clot 
propagation, and fibrinolysis to dissolve the fibrin 
clot as the endothelial surface is repaired (Figure 1 
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and Figure 2). Although these processes are often 
described separately, there are multiple points of 
overlap between platelets, procoagulant factors, 
endogenous anticoagulant and fibrinolytic factors, 
and the endothelium, to promote an appropriate 
level of hemostasis and limit clot formation to sites 
of vessel injury. The direct thrombin inhibitors and 
direct factor Xa inhibitors block major procoagulant 
activities involved in the generation of a fibrin clot 
(Figure 3).

Thrombin is the final effector in blood coagulation 
and factor X positioned at the convergence of the 
extrinsic and intrinsic pathways of coagulation 
constitute good targets for anticoagulation. 
Additionally, dabigatran by inhibiting fibrin-bound 
thrombin and rivaroxaban, apixaban by inhibiting 
FXa assembled within the prothrombinase complex 
have efficacy advantages over indirect thrombin 
inhibitors (heparin or LMWH) and indirect FXa 

6inhibitors (fondaparinux) respectively.
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Figure 1 and 2 : Source : 2019 Up To Date

Figure 3
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Source : Jamshed J Dalal, Anil Dhall, Abhay Bhave. Current Perspective on Use of NOAC in
Clinical Practice in India. Journal of The Association of Physicians of India < Vol. 64 < April 2016

Pharmacology :

NOACs have pharmacologic advantages over warfarin such as predictable pharmacokinetics, drug 
interactions, wide therapeutic window and these properties along with their dosage regimen in approved 

7,8,9indications are summarized in table below.

other native valvular stenoses and insufficiencies as 
well as mitral valve repair, bioprosthetic valve 
replacements (exception may be AF in the presence 
of a biological mitral prosthesis implanted for 
rheumatic mitral stenosis) and transaortic valve 

5intervention (TAVI) may be treated with NOACs.

Indications and Contraindiactions :

Non-vitamin K antagonist oral anticoagulants are 
approved for stroke prevention in non-valvular atrial 
fibrillation. Strictly the term non valvular  AF refers 
to AF in the absence of a mechanical prosthetic heart 
valve or moderate to severe mitral stenosis (usually 

 3,4,5of rheumatic origin) (Table 1) . Essentially all 
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uniform in AF and depends on other risk factors such 
as congestive heart failure, hypertension, age, 
diabetes mellitus, and prior stroke / transient 
ischemic attack, all of which are integrated in a 
widely used tool, CHADS2 score. Stroke risk 
increases with increasing CHADS2 scores (stroke 
rate: 2.0 - 4.5 with CHADS2 of 1-2 Vs 6-12 with 

11CHADS2 of 4).  CHA2DS2-VASc, an adaptation of 

Risk Stratification:

Approximately 15% of strokes are associated with 
10AF and the incidence increases with age.  It is 

crucial to prevent thromboembolic events in AF. 
Antithrombotic strategies in AF include antiplatelet 
agents (aspirin), oral anticoagulants (OACs), 
notably VKAs (warfarin); recently, NOACs have 
been added to the armamentarium. Stroke risk is not 

Recommended Doses of NOAC in AF for Stroke Prevention :

Source : Jan Steffel, Peter Verhamme, Tatjana S. Potpara et al. The 2018 European Heart Rhythm
Association Practical Guide on the use of non-vitamin Kantagonist oral anticoagulants in patients

with atrial fibrillation. European Heart Journal (2018) 39, 1330-1393
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Clinical Trials :

Three large-scale randomized NOAC trials, RE-LY 
(dabigatran, D110 mg BD or D150 mg BD), 
Rivaroxaban Once-daily oral Direct Factor Xa 
Inhibition Compared with Vitamin K Antagonism 
for Prevention of Stroke and Embolism Trial in 
AF(ROCKET-AF) and Apixaban for Reduction In 
Stroke and Other Thromboembolic Events in AF 
(ARISTOTLE) trial (apixaban, 5 mg BD) have 
shown that NOACs are therapeutically superior to 
warfarin (dabigatran 150 mg bid, apixaban 5 mg 
bid), or at least non-inferior with a similar rate of 
hemorrhage (rivaroxaban 20 mg) or a lower rate of 

CHADS2 incorporates additional risk factors: 
vascular disease, age 65-74 years, and female 
gender. The European Society of Cardiology (ESC) 
guidelines recommend OACs for patients with a 
CHADS2 score > 2; patients with a CHADS2 score 
< 2 should be assessed using CHA2DS2-VASc. 
Those with a CHA2DS2-VASc score of 1 may 
receive OAC (preferred) or aspirin, and patients 
with a CHA2DS2-VASc score of 0 may receive 
aspirin or no antithrombotic therapy (preferred as 

12
the risk of bleeding may exceed benefit).  Direct 
comparison of VKA and aspirin in nine studies 
demonstrated VKAs to be superior to aspirin with a 
relative risk (RR) reduction of 39%.

CHADS Score
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Administration (FDA) has approved dabigatran 150 
mg dose (75 mg in severe renal impairment), the 
European Medical Agency(EMA) has approved 
both 150 mg and 110 mg doses. In ROCKET-
AF,there were no significant differences in rates of 
major bleeding between study drugs though ICH 
and fatal bleeding occurred less frequently in the 
rivaroxaban group. Apixaban was associated with 
lower rates of major bleeding, ICH and hemorrhagic 
stroke. There are no ‘head to head’ trials comparing 
the three approved NOACs.

hemorrhage (dabigatran 110 mg bid, apixaban 5 mg 
bid). The results of these trials are described in detail 

13,14,15in the table below.  The rates of intracranial 
hemorrhage (ICH) with both doses of dabigatran 
were less than warfarin; possible reasons could be 
decreased anticoagulation effect variability due to 
twice daily dosing regimen. In addition, dabigatran 
selectively inhibits thrombin resulting in lesser 
bleeding as compared to warfarin which inhibits 
factors II, VII, IX, and X and proteins C and S. Based 
on RE-LY trial results, U.S. Food and Drug 

13,14,15
Results from pivotal phase III trials

Source : Jamshed J Dalal, Anil Dhall, Abhay Bhave. Current Perspective on Use of NOAC in
Clinical Practice in India. Journal of The Association of Physicians of India < Vol. 64 < April 2016
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16
unless combination therapy is deemed necessary.

Non-Vitamin K Antagonist Oral Anticoagulants 
in Patients with Kidney Disease

Dabigatran has the greatest extent of renal 
elimination (80%), whereas 50%, 35%, and 27% of 
edoxaban, rivaroxaban, and apixaban, respectively. 
In situations with acute renal failure, any NOAC 
therapy needs to be discontinued and parenteral 
anticoagulation initiated. NOACs may be used in 
AF patients with mild or moderate CKD. Dose 
reductions are indicated in patients with CrCl<50 
ml/min for apixaban and rivaroxaban. There are no 
outcome data for NOACs in patients with advanced 
chronic kidney disease (CrCL < 30 mL/min) The 
efficacy and safety of NOACs in patients with end-
stage renal dysfunction and on dialysis is unclear 
and subject to ongoing studies. There are no data on 
the use of NOACs in AF patients after kidney 
transplantation.

Non-Vitamin K Antagonist Oral Anticoagulants 
in Liver Disease

All four NOACs are contraindicated in patients with 
hepatic disease associated with coagulopathy and 
clinically relevant bleeding risk including Child-
Turcotte-Pugh C cirrhosis. Rivaroxaban should also 
not be used in AF patients with Child B liver 
cirrhosis due to a > two fold increase in drug 
exposure in these patients. Dabigatran, apixaban and 
edoxaban may be used with caution in patients with 

16Child B cirrhosis.

Measurement of Anticoagulant Effect of NOAC

Unlike warfarin, NOACs do not require routine 
monitoring. The activated partial thromboplastin 
time (aPTT) shows a curvilinear response to 
dabigatran concentration and becomes incoagulable 
at higher concentrations. Trough aPTT level (12-24 
h after ingestion) > 2x ULN, indicates higher risk of 
bleeding. Similarly, prothrombin time (PT) provides 
information on presence of factor Xa inhibitors. 
Both aPTT and PT are qualitative indicators only 
and a normal aPTT or PT suggests that haemostatic 
function is not impaired because of the drug. 
Quantitative tests for DTI and FXa inhibitors. 
[thrombin clotting time (TT), activated clotting time 

Switching Between Anticoagulant Regimens

When switching between different anticoagulant 
therapies, it is important to ensure the continuation 
of anticoagulant therapy while minimizing the risk 
for bleeding.

Vitamin K antagonist to non-vitamin K antagonist 
oral anticoagulant : The NOAC can immediately 
be initiated once the INR is < 2.0. If the INR is 2.0-
2.5, NOACs can be started immediately or (better) 
the next day. For INR > 2.5, NOAC can be started 
when INR is <_3 for rivaroxaban, <_2.5 for 

16edoxaban, and <_2 for apixaban and dabigatran.

Non-vitamin K antagonist oral anticoagulant 
(NOAC) and Vitamin K antagonist (VKA) : The 
NOAC and VKA should be administered 
concomitantly until the INR is in a range that is 
considered appropriate, similar to the situation when 
low molecular weight heparins (LMWHs) are 

16administered during VKA initiation.

Non-vitamin K antagonist oral anticoagulant to 
parenteral anticoagulants : The parenteral 
anticoagulant [unfractionated heparin (UFH) and 
LMWH] can be initiated when the next dose of the 

16
NOAC would be due.

Parenteral anticoagulant to non-vitamin K 
antagonist oral anticoagulant :

Intravenous UFH : NOACs can usually be started 2 
h after intravenous UFH (half-life 2 h) is 
discontinued.

Low molecular weight heparin : NOACs can be 
initiated when the next dose of LMWH would be 

16due.

Non-vitamin K antagonist oral anticoagulant to 
non-vitamin K antagonist oral anticoagulant : The 
alternative NOAC can be initiated when the next 
dose of the initial NOAC is due, except in situations 
where  h igher  than  therapeut ic  p lasma 
concentrations are expected (e.g. in a patient with 
impaired renal function). In such situations, a longer 

16
interval in between NOACs is recommended.

Aspirin or clopidogrel to non-vitamin K antagonist 
oral anticoagulant : The NOAC can be started 
immediately and aspirin or clopidogrelstopped, 
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Surgical Intervention in Patients on NOAC :

Common interventions with no clinically important 
bleeding risk can be performed at trough NOAC 
concentration (i.e. 12 or 24 hours after the last 
intake, depending on BID or QD regimen. Peri-
operative NOAC interruption for dabigatran [1-2 
days and 2-4 days depending upon CrCl in low and 
high bleeding risk respectively] is more than 
rivaroxaban / apixaban [1 and 2 days respectively 
for low and high bleeding risk]. Resumption of 
NOAC depends on hemostasis, bleeding risk and 
thromboembolic risk; NOACs could be 
recommenced as early as 12-24 hours (low bleeding 
risk and high thromboembolic risk) to > 72 hours 
(high bleeding risk and low thromboembolic risk) 
post surgery upon ensuring hemostasis. If an 
emergency intervention is required, the NOAC 
should be discontinued immediately. Specific 
management will then depend on the level or 
urgency.

(ACT)] are sensitive tests to evaluate the 
anticoagulant effects of dabigatran but are not 

17,18routinely available in hospitals.

Management of Bleeding on NOAC:

Bleeding rates with NOACs are generally equal to or 
less than warfarin bleeding rates. There is no 
specific antidote for NOACs; in case of bleeding 
NOACs should be discontinued and assessment of 
hemodynamic stability, degree of anticoagulation 
and severity of bleeding should be done. Minor 
bleeding can be managed with simple delaying of 
the next dose. Moderate bleeding such as upper / 
lower GI can be managed by treating the bleeding 
source. Adequate diuresis, RBC transfusion, platelet 
substitution, fresh frozen plasma as plasma 
expander (not as reversal agent) and dialysis may be 
considered if required. For major life threatening 
bleeding, in addition to above measures, 
prothrombin complex concentrate (PCC) may be 
used.

Source : Jan Steffel, Peter Verhamme, Tatjana S. Potpara et al.The 2018 European Heart Rhythm
Association Practical Guide on the use of non-vitamin Kantagonist oral anticoagulants

in patients with atrial fibrillation.European Heart Journal (2018) 39, 13301393
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of uncertainty concerning last N O A C 
administration, prolonged aPTT (for dabigatran) or 
PT (for FXa inhibitors) indicates anticoagulation 
status. If NOACs have been administered within the 
last 48 hours and / or appropriate coagulation tests 
are not available or abnormal, alternative treatment 
option such as mechanical recanalization of 
occluded vessels maybe considered. Continuation 
of NOACs after ischemic stroke depends on the 
infarct size; as a rough guide the 1-3-6-12 day rule 
i.e., Reinstitution of anticoagulation in patients with 
transient ischemic attack after 1 day, with small 
infarct after 3 days, with a moderate stroke after 
6days, while large infarcts not before 2 (or even 3) 
weeks. NOACs may be restarted 10-14 days after 
ICH if cardio embolic risk is high and the risk of new 
intracerebral hemorrhage is estimated to be low. For 
patients with low cardio embolic risk and high 
bleeding risk, reinitiating of NOACs is 
contraindicated unless bleeding risk has been 
reversed. Non pharmacological strategies instead of 
NOACs (e.g. ablation or occlusion of the atrial 
appendage) may be considered in such subjects.

Women of Reproductive Age

All OAC use should be considered with caution in 
women of child bearing age and an appropriate test 
to rule out pregnancy and contraceptive counselling 
advice arranged before initiation of any agent. 
Importantly, NOACs are contraindicated in 
pregnancy as well as during breast feeding.

Conclusion :

The direct thrombin inhibitors and direct factor Xa 
inhibitors act at major points in the coagulation 
cascade that appear to be rate-limiting in 
clotformation. These drugs inactivate both 
circulating and clotbound activated coagulation 
factors, and they do not induce antiplatelet 
antibodies, features that may have advantages in 
specific clinical settings. A major advantage of these 
agents is the lack of a requirement for monitoring, 
due to less variability in drug effect for a given dose. 
NOACs offer greater patient compliance, easier 
management, and improved thromboprophyl 
axisover traditional anticoagulants. However, the 
DOACs are expensive, their half-lives are short, 

Patient with Atrial Fibrillation and Coronary 
Artery Disease

In patients presenting with both AF and CAD, the 
choice of optimal long-term management to prevent 
both  thrombo embol ic  and CV events  
simultaneously is often challenging. Clinicians 
should assess stroke risk (CHA2DS2-VASc score), 
risk of coronary events [high risk (>3% annual death 
or MI), intermediate risk (1% to 3%annual death or 
MI), or low risk (<1% annual death or MI)] and 
bleeding risk (HASBLED) before making a 
treatment decision for such patients. As per 2014 
ESC guideline recommendations, in patients with 
stable CAD and AF undergoing PCI at low bleeding 
risk (HAS-BLED 02), triple therapy (OAC, aspirin 
75-100 mg daily, clopidogrel 75 mg daily) should be 
given for a minimum of 4 weeks (and no longer than 
6 months) after PCI followed by dual therapy with 
OAC (NOAC or VKA) and clopidogrel (or aspirin) 
for upto 12 months; in those with high bleeding risk 
(HAS-BLED > 3) dual therapy [OAC (NOAC or 
aVKA) + clopidogrel] for 4 weeks after PCI 
followed by dual therapy (OAC clopidogrelor 
alternatively, aspirin) upto 12 months. Long-term 
antithrombotic therapy with OAC (i.e. whether 
NOAC ora VKA) (beyond 12 months) is 
recommended in all patients. The ACCP has 
concluded that the benefits of dual therapy (oral 
anticoagulation plus aspirin orclopidogrel) 
outweighs the risks for patients at high risk for 
stroke (eg, CHADS2 score=2) for the first 12 
months after an acute coronary syndrome. However, 
for patients with a history of ischemic stroke or AF, 
and CAD, the usefulness of adding antiplatelet 
therapy to VKA therapy is uncertain for purposes of 
reducing the risk of ischemic cardiovascular events.

Intracranial Hemorrhage or Ischemic Stroke 
While on NOAC

The coagulation status of patients under NOAC who 
have acute ICH should be corrected rapidly and 
NOAC should be discontinued. For ischemic stroke, 
thrombolytic therapy with recombinant tissue 
plasminogen activator is not recommended in 
patients taking NOACs because of increased 
bleeding risk within 48 h of last NOAC dose. In case 
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they are not appropriate for all indications, and 
compliance is more difficult to monitor than vitamin 
K antagonists. Their use is not appropriate inpatients 
with severe renal insufficiency, severe liver disease 
pregnancy, antiphospholipid syndrome (APS), or 
prosthetic heart valves. Laboratory testing prior to 
adminis t ra t ion  of  these  agents  should  
includeprothrombin time (PT) and activated partial 
thromboplastin time (aPTT), to assess and 
d o c u m e n t  c o a g u l a t i o n  s t a t u s  b e f o r e  
anticoagulation; and measurement of serum 
creatinine, as a baseline and for potential dose 
adjustment in the event of renal insufficiency. 
Patients with impaired renal function should have 
appropriate dose reduction or drug avoidance 
depending on the creatinine clearance. The goal 
when transitioning between anticoagulants is to 
maintain stable anticoagulation. When transitioning 
between a DOAC and a vitamin Kantagonist, it is 
important to keep in mind that the full effect of the 
VKA does not occur for the first few days. When 
transitioning from a VKA to a DOAC, it is important 
to keep in mind that the resolution of VKA effect 
may take several days.
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