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ABSTRACT
The conventionally used anticoagulants for the treatment of thromboembolism include unfractionated heparin, 
low molecular weight heparin, fondaparinux and Vitamin K antagonists such as warfarin, phencoumarol. Though 
they were considered the milestones in anticoagulation therapy, their use in clinical practice is limited due to its 
certain patient related issues such as wide variations in dose response relationship, delayed onset and offset of 
action, narrow therapeutic range of clinical effectiveness, frequent monitoring and dose adjustment. In order to 
overcome the above drawbacks of conventional anticoagulants, FDA approved Newer Oral Anticoagulants that 
provide stable anticoagulation at a fixed dose without the need for laboratory control, making it more convenient 
therapeutic regimen. In this review, the use of newer oral anticoagulant drugs in current clinical practice as 
well as the facts and concerns related to its use, safety and efficacy in patients with concomitant diseases like 
antiphospholipid syndrome, chronic kidney disease and patients undergoing cardio version is focused. Moreover, 
the various newer developments and ongoing trials in the field of anticoagulation were also discussed. The 
emergence of new reversal agents that are currently under development and its role in paediatric populations will 
be also an added advantage for its development. In short, the use of new anticoagulants had shown improvements 
in safety and efficacy as well as they offer greatest promise and opportunity for the replacement of Vitamin K 
Antagonists and other conventional agents.
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INTRODUCTION
Venous Thromboembolism, the most 
common causes of  mortality and its 
rate is about 3% for patients with deep 
vein thrombosis (DVT) and 15% for 
patients with pulmonary embolism (PE).1 

According to Centre for Disease Control 
and Prevention (CDC) statistics, 10 to 
30% people die within one month of  
diagnosis.2 Thromboembolism are 20-45 
times more common than atheroembolism,3 
and the relative risk during pregnancy is 
much higher.4 An epidemiological study 
showed that the annual incidence of  serious 
complications of  DVT is around 60-111 in 
100,000 patients in France and 23-107 per 
100,000 globally.5 However, the incidence 
of  DVT in Indian population is very low as 
compared to other ethnic groups, since the 
information available on the incidence is 
very limited.6 In majority cases, the incidence 
will be clinically silent, since the awareness 
regarding this life threatening disease is 

very less.7 In about 34% of  young patients 
presenting with thrombus, a definite cause 
for thrombophilia predominates.8 A study 
conducted by Seema Bhargava showed that 
hyperhomocystenemia is one of  the risk 
factors in patients with either arterial or 
venous occlusive disease.9 As a result, the 
Atrial Fibrillation (AF) and valvular disease 
itself  is associated with 76% of  the entire 
cardiac embolism.3

Aim of the review

This review discusses the prospects and 
practises of  the newer oral anticoagulant 
therapy in modern medical practises.

MATERIALS AND METHODS
A detail literature review of  newer oral 
anticoagulants specifically its recent 
developments and practices in clinical 
settings was carried out from PubMed using 
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keywords Apixaban, Betrixaban, Dabigatran, Edoxaban, 
Newer oral anticoagulants, Rivaroxaban.

EVOLUTION OF ANTICOAGULANTS 
Unfractionated heparin (UFH), Low Molecular Weight 
Heparin (LMWH), Fondaparinux and Vitamin K 
antagonists (VKAs) were considered the milestones in 
anticoagulation therapy.10 Though, the evidence from 
various trials showed that, even among elderly AF 
patients who are at high risk, the use of  VKAs reduce 
the risk of  stroke by about one-thirds.11 The practical 
limitations such as wide variations in dose response 
relationship, delayed onset and offset of  action and dose 
adjustment10,12 of  traditional drugs fuelled the search 
for newer anticoagulants. A large phase III clinical 
trial showed that, these Novel drugs provide stable 
anticoagulation at a fixed dose without any need for 
laboratory control.13,14

Newer Oral Anticoagulants (NOACs) otherwise referred 
as Target Specific Oral Anticoagulants or Non-vitamin-K-
oral Anticoagulants, that specifically and selectively block 
the central elements of  coagulation cascade.15 They have 
been introduced into market with the aim to optimize and 
simplify the anticoagulation therapy by improving patient 
experience and reduce the need for dietary restrictions 
and routine anticoagulation monitoring thus satisfying 
the individual needs of  the patients. Moreover, they 
can produce a predictable and less labile anticoagulant 
effect.16 Recently FDA approved two new classes of  orally 
administered anticoagulants, namely Direct thrombin 
inhibitors and Factor Xa inhibitors,17 that inhibit a single 
activated clotting factor.18 The introduction of  NOACs, 
remarkably changed the perspective in the management 
of  venous and arterial thromboembolic diseases.19

ANTICOAGULANTS IN CURRENT PRACTICES 
The first FDA approved drug was UFH in 1940,20 
followed by warfarin in the year 1950.10 Clinical trials 
indicated, a weight adjusted dosing regimen of  UFH 
can provide more predictable anticoagulation than a 
fixed initial dose, particularly for patients with Non ST 
elevated-Acute Coronary Syndrome.21 Later in 1980, the 
LMWH was approved and clinical data showed that its use 
can significantly improve the overall survival of  cancer 
patients by its direct effect on the metastasis.3 In early 
20th century, a synthetic analogue of  antithrombin was 
approved (Fondaparinux), but its use was contraindicated 
in patients with CrCl less than 30ml/min.22 Even after 
the development and application of  these drugs, the 
treatment and prevention of  thrombotic diseases remains 
a major medical challenge.23 With the introduction of  

NOACs, major limitations of  warfarin were resolved. 
Newer agents provides immediate anticoagulant effect 
(time to peak effect ranges from 1-4 hr),24 but at the 
same time due to the shorter half-life, missed doses may 
result in greater risk of  thromboembolic complications. 

Due to certain concerns regarding the use of  NOACs 
including medication adherence without laboratory 
monitoring, uncertainty about dosing in patients with 
renal dysfunction or extremities of  body weight, the entry 
of  this new therapeutic regimen into clinical practice 
takes much time.25 Therefore clinical evaluation initially 
begins with short term indications such as prophylactic 
therapy for VTE who undergone orthopaedic surgery, 
followed by evaluation in chronic conditions such as 
stroke prevention in AF.26 Within few years after clinical 
evaluation, the use of  Newer drugs has been increased 
dramatically. Currently, they are used for the treatment 
and prevention of  DVT and PE,27-30 stroke and systemic 
embolisms in Non-Valvular Atrial Fibrillation (NVAF) 
with at least one additional risk factor31-34 including age 
≥ 65 years, presence of  heart failure, vascular disease, 
hypertension and diabetes mellitus;35 primary prevention 
of  venous thromboembolic events in patients who have 
undergone elective hip/ knee replacement surgery.36-38 

However, the use of  Newer drugs is contraindicated 
particularly in patients with significant liver failure39 
or hepatic insufficiency with Child-Pugh category 
C,40 moderate to severe renal failure (CrCl less than 
30ml/min), organ lesion at risk of  bleeding including 
intracranial hemorrhage, spinal or epidural-catheter 
in previous six months and pregnancy or lactation. In 
patients with AF using mechanical prosthetic valve or 
moderate-severe mitral stenosis of  rheumatic origin, 
(except in bio-prosthetic valve, mitral valve repair or 
transcatheter aortic valve replacement) the use of  Newer 
drugs are considerable, though the available data are 
limited.22

ORAL ANTICOAGULANTS: - NEWER DEVELOPMENTS
Based on results from Randomised Control Trials41 
including more than 50,000 patients all over world, FDA 
approved Dabigatran, Rivaroxaban, Apixaban inferring 
that they are either equivalent or more effective to 
warfarin in preventing stroke with acceptable bleeding 
risk.42 Dabigatran, the first oral direct thrombin inhibitor 
approved by FDA in 2010 for the prevention of  stroke 
in NVAF as well as for the prophylaxis and treatment 
of  VTE.43 In certain regions a reduced dose of  110mg 
is recommended, in moderate renal impairment (CrCl 
30-50ml/min) and geriatric groups who are at high risk 
of  bleeding or those treated with Verapamil.11 Since 
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80% drug is excreted renally, in severe renal failure, 
the recommended dose is 75mg twice daily.44 The 
Randomised Evaluation Of  Long Term Anticoagulation 
Therapy (RE-LY) Trial showed that, the administration 
of  150mg twice daily reduce the risk of  stroke and other 
systemic embolism when compared with 110mg dose,13 
but at the same time increased the rate of  bleeding risk  
in 150mg group.45,46 The main advantage of  Dabigatran 
over other indirect thrombin inhibitors is its reversible 
binding that provide more prognostic anticoagulant 
therapy and was found to be safer.47 However, a case 
report from 80 year old patient who recently started the 
drug for new onset AF, presented with Acute Kidney 
Injury, haematuria and RBC casts in the urine specimen 
and was diagnosed with Drug Induced Anticoagulant 
Nephropathy.48

In 2011, the first oral Factor Xa inhibitor, Rivaroxaban 
was approved. A study showed that both Dabigatran 
and Rivaroxaban have stable pharmacodynamics profile 
making them a suitable alternative for Warfarin.49 The 
COMPASS (phase III)50 study showed that Rivaroxaban 
2.5mg twice daily plus Aspirin 100mg, compared to 
Aspirin alone,51 and Rivaroxaban alone (reduce major 
adverse limb events and increase major bleeding)52 can 
significantly reduce the occurrence of  major adverse 
limb events (MALE) in people with peripheral arterial 
disease (PAD). Based on this study, the application for 
the approval of  new vascular indications have been 
submitted for reducing the risk of  major cardiovascular 
events including cardiovascular death, heart attack or 
stroke in patients with chronic coronary artery disease 
and/or PAD as well as reducing the risk of  acute limb 
ischemia in patients with PAD.51 But the limited evidence 
available showed that, the occurrence of  miscarriages and 
rate of  anomalies are higher, that may raise the concerns 
regarding the safety of  embryo-foetal issues with its 
use.53 Moreover, it produces a significantly higher risk 
of  haemorrhagic stroke or hematoma with a lower risk 
of  subdural hematoma than those taking Dabigatran,46 
and also increases the rate of  major bleeding unrelated 
to coronary artery bypass graft.54

In 2012, Apixaban (a factor Xa inhibitor) was approved 
by the FDA. It was the only drug that cause a substantial 
reduction in overall bleeding from any cause41 especially 
when compared to Rivaroxaban,55 which is associated 
with higher risk of  major bleeding.56,57 On other 
hand, Apixaban has an equal overall bleeding rate 
when compared to warfarin.55 The dose will be halved 
(2.5mg) if  patient shows two or more of  the following 
characteristics-age above 80years, weight less than or 
equal to 60kg or if  Creatinine greater than or equal 
to 1.5mg/dl.43,44,58 Two clinical trials associated with 

Apixaban in paediatric population is on-going, one is 
regarding the safety and pharmacokinetics of  Apixaban 
in patients with Congenital or Acquired Heart Disease 
(phase 2 trial);59 second is to evaluate single dose of  
Apixaban in paediatric subjects at risk for thrombotic 
disorder.60

In 2015, Edoxaban (Factor Xa inhibitor) was approved 
for reducing the risk of  stroke and systemic embolism 
in patients with NVAF, which is available in 60mg and 
30mg.61 Phase II dose finding study demonstrated that 
once daily regimen have more safety profile than twice 
daily regimen in terms of  bleeding incidence when 
compared to Warfarin.62 But the safety and total clinical 
benefit of  higher dose regimens across the range of  renal 
function are consistent due to its reduced efficacy in 
preventing arterial thromboembolism in the upper range 
of  CrCl.63 A Hokusai study comparing the efficacy of  
Edoxaban versus standard of  care in paediatric patients 
with confirmed VTE, PE and DVT is an on-going trial 
in US.64

In 2017, Betrixaban (direct Factor Xa inhibitor) was 
approved for the prophylaxis of  VTE in adult patients 
hospitalized for an acute medical illness who are at 
risk for thromboembolic complications.65 Its unique 
pharmacokinetic characteristics including limited renal 
excretion, minimal metabolism through the CYP450 
enzymes and a longer half-life, made this drug suitable in 
patients with poor renal function.66 It is safe and effective 
as Enoxaparin and Warfarin at a dose of  30-80mg for 
prevention of  stroke in AF patients.67

NEWER ANTICOAGULANTS: FACTS AND CONCERNS
A meta-analysis of  phase III trial, conducted by Ruff  et 
al. on 2013 compared the safety and efficacy of  NOAC 
with Warfarin and demonstrated that NOACs cause 
a reduction in haemorrhagic stroke by 51%, all-cause 
mortality by 10% and intracranial haemorrhage by 52%,68 
but can increase the complications of  gastrointestinal 
bleeding by 25%.

When the patient is on chronic use of  NOAC, a structured 
follow-up including the documentation of  anticoagulation 
indication and monitoring of  baseline laboratory 
parameters like haemoglobin, renal and liver function 
are recommended. The shorter course of  antiplatelet is 
recommended when single or dual antiplatelet therapy is 
combined with NOACs. Exceptions include patient with 
elective percutaneous coronary intervention (PCI), who 
may benefit from dual therapy (NOAC plus clopidogrel 
from discharge through one year). However, if  a patient 
taking NOAC immediately experience an acute ischemic 
stroke, then they can proceed with thrombolysis, only if  
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the plasma level is just below the lower limit of  detection 
or if  the last administration was before 48 hr in those with 
normal renal function. In such patients the reinitiation 
should be considered only after 3-14 days, based on the 
degree of  neurological deficit. Almost all NOAC are 
renally excreted, for appropriate dosing, it is important 
to calculate the renal function using the Cockcroft Gault 
equation.40 If  the Crcl less than 15-30ml/min or if  the 
patient is on dialysis, the use is not recommended except 
Apixaban whose use is moderately effective in dialysis 
patients.44

The USFDA approved the first specific reversal agent 
Idarucizumab (5mg IV in 2 doses no more than 15 min 
apart) which is a fully humanised antibody fragment for 
dabigatran in October 2015.69 Based on the result of  the 
phase III RE-VERSE AD trial,65 it was found that the 
instant reversal of  anticoagulant effect has no adverse 
events related to the safety and has a lower rate for 
thrombotic events. 

In 2018, USFDA approved the first anti-factor Xa 
inhibitor ANDEXANET ALFA (ANDEXXA). 
Studies about this intravenous drug are still under 
regulatory review in European Union and under clinical 
development in Japan.70 It were indicated mainly for 
the reversal of  anticoagulation due to life threatening 
or uncontrolled bleeding in patients treated with 
Rivaroxaban and Apixaban.71 But it has not shown 
effective for the treatment of  bleeding related to any 
other Factor Xa inhibitors. However, its post marketing 
surveillance study was initiated in 201965-71 with the 
findings presented in 2023.72 

NOACS IN PATIENTS WITH CONCOMITANT DISEASE
CKD patients experience an increased risk of  ischemic 
stroke, gastro intestinal bleeding events and decreased 
risk of  intracranial bleeding with the use of  NOAC. 
When compared with VKAs, the risk of  mortality was 
slightly more. This should be used with caution in elderly 
patients, as they have moderate-severe renal insufficiency. 
Moreover, the recommended doses of  newer drugs are 
non-inferior and comparatively safe in those patients 
when compared with conventional anticoagulants.73

X-VeRT (eXplore the efficacy and safety of  once daily 
oral riVaroxaban for the prevention of  cardiovascular 
events in patients with NV a Trial fibrillation scheduled 
for cardio version) was the first randomised trial of  
NOAC in patients with NVAF undergoing elective 
cardio version. The study found that, Rivaroxaban when 
compared with VKA therapy, was associated with similar 
rate of  stroke or other cardiovascular events and bleeding 
but significantly a shorter time to cardioversion.58 

Antiphospholipid Syndrome, a condition which is 
characterized by the occurrence of  thromboembolic 
events or pregnancy loss combined with at least one 
laboratory criteria among lupus anticoagulant (LAC), 
anti-cardiolipin (aCL) and anti-beta 2 glycoprotein (aβ2 
GP1) antibodies. The primary therapy for this condition 
is anticoagulation with VKA being the standard drug of  
choice.74 However, NOACs would simply the treatment, 
but its efficacy is not verified.75

These novel agents can be used in patients with moderate 
liver insufficiency, though dose adjustments are required. 
However, the use of  Apixaban and Rivaroxaban in 
hepatic disease is contraindicated especially in Child-
Pugh category B and is associated with clinically relevant 
risks and coagulopathy. In mild or moderate hepatic 
impairment, Apixaban can be administered with extreme 
caution.76

ONGOING TRIALS FOR BETTER OPTIONS
Ionsis and Bayer from Global data are developing a 
drug “IONIS- FXIRX”, a second generation antisense 
anticoagulant which is currently under phase II clinical 
trial. The major advantage of  this drug is that, it separates 
the antithrombotic activity from bleeding risk. The 
currently available data shows that, it is expected to 
launch by 2022.77

A novel VKA, “Tecarfarin”, developed by Espero and 
Armetheon, is under phase III clinical trial for treating the 
patients with prosthetic heart valve and renal insufficiency, 
is expected to launch by 2023.77 “Idrabiotaparinux” the 
another compound which is under phase III clinical 
trial (international, multicentre, randomized, double-
blind, double-dummy parallel study) for the prevention 
of  recurrent VTE in patients with acute PE. Once it is 
approved, it will be the first once weekly anticoagulant 
for the treatment of  VTE.78 “PER 977 (Ciraparantag)”, a 
small water soluble molecule that will act as a nonspecific 
reversal agent.69 The phase I/II trial showed that, it will 
reverse the anticoagulant activity of  Enoxaparin 100mg 
and 200mg IV dose within 20 min and 5 min respectively 
using Whole blood clotting time. The phase II trials with 
Ciraparantag are ongoing.79

However, certain anticoagulant drugs were discontinued 
from clinical trial during the manufacturing process, 
including “SSR-126517, a biotinylated idraparinex” 
which had been in phase III clinical trial at Sanoffi for 
the treatment of  PE, DVT and AF was discontinued in 
2009.78 The “Semuloparin Sodium” (LMWH) for the 
primary prophylaxis of  VTE in cancer patients receiving 
chemotherapy for locally-advanced or metastatic solid 
tumors was discontinued due to its higher bleeding related 
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events.80 “Darexabam Maleate,” (oral direct thrombin 
inhibitor) developed by Astellas Pharma, was discontinued 
from the global development since it cannot find a phase 
III development partner.81

CONCLUSION
The development and introduction of  NOACs into 
market had brought an exclusive advancement in the 
field of  anticoagulation. Since, they have maximum 
efficacy with least adverse effects, they are considered as 
the promising drugs. Unlike other anticoagulants, they 
do not require regular monitoring, thus making them 
more patient friendly. Once weekly regimen can be 
considered as an emerging area in the field of  research 
and can improve patient adherence. The emergence of  
new reversal agents will definitely change the entire face 
of  NOACs. In addition to that, the role of  anticoagulants 
in paediatric populations will be also an added advantage 
for its development. In short, the convenient use of  new 
anticoagulants had shown improvement in safety and 
efficacy as well as they offers the greatest promise and 
opportunity for the replacement of  VKA.47 Thus the 
development of  newer agents for special population still 
is a topic of  interest for the future.
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