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Introduction

Thrombosis is the major common end-point in most human
disease. In the coronary circulation, occlusive thrombi
and/or the rupture of atherosclerotic plaque cause
myocardial infarction: in the cerebral circulation thrombosis
causes ischaemic stroke.1 Antiplatelet drugs such as aspirin
and clopidogrel are the primary therapy for reducing the
risk of coronary and cerebrovascular thrombosis.2

Venous thromboembolism (VTE), manifesting clinically as
pulmonary embolus (PE) and deep vein thrombosis (DVT),
is a frequent complication among hospital in-patients and
contributes to longer hospital stays and to increased
morbidity and mortality.3 However, in contrast to arterial
thrombosis, pharmacotherapy of VTE is aimed not at the
platelet but at the coagulation pathway.4 As a leading cause
of thrombotic stroke and systemic embolism, atrial
fibrillation (AF) also demands antithrombotic treatment.
However, although AF concerns the left side of the heart,
and thrombi are carried in the arterial circulation,
anticoagulation (as opposed to antiplatelet therapy)
provides better protection.5

Until perhaps five years ago, heparinoids (unfractionated
heparin, low molecular weight heparin [LMWH] and
fondaparinux) and vitamin K antagonists (VKAs; warfarin,
acenocoumarol, phenocoumarol) were options for the
prevention of thrombotic stroke in AF, and of VTE in
general.6–8 Although effective, several practical, management
and clinical disadvantages (Table 1) prompted the search for
better drugs, now collectively known as non-vitamin K
antagonist oral anticoagulants (NOACs), although they may
also be known as new oral anticoagulants, direct oral
inhibitors or direct oral anticoagulants.8–10 These agents are
steadily replacing the heparinoids and VKAs in both in-
patient and out-patient prevention and treatment of VTE,
and of thrombotic stroke in AF. Indications for the use of
VKAs are shown in Table 2.11,12 Figure 1 summarises the
mode of action of anticoagulants on the coagulation
pathway. 
The purpose of this review is to summarise the current

position regarding laboratory issues with the use of the
NOACs.8–10 In order to identify relevant publications,

PubMed was searched using the key words NOACs,
dabigatran, rivaroxaban, apixaban and edoxaban.

Non-vitamin K antagonist oral anticoagulants 

Non-vitamin K antagonist oral anticoagulants may be
classified by mode of action: dabigatran is a direct thrombin
inhibitor, while rixaroxaban, apixaban and edoxaban all
target coagulation factor Xa.13–16

Dabigatran 
This agent possesses various qualities that make it
potentially an attractive and promising OAC with its
predictable pharmacokinetics and pharmacodynamics.13 It is
rapidly absorbed (within two hours) and distributed with
estimated half-lives of eight to 10 hours and 14–17 hours for
single and multiple dose administrations, respectively.
Nearly 80% of the pro-drug (dabigatran etexilate) is excreted
unchanged by the kidney with average bioavailability of
6.5%, so high doses are needed to maintain adequate plasma
concentrations. Phase II and III clinical trials have been
conducted to assess dosages, efficacy and tolerability in
numerous indications (e.g., prevention of secondary VTE,
DVT, stroke and embolism due to AF).17–20

Rivaroxaban 
With favourable pharmacokinetic characteristics and a
bioavailability of 60–80%, rivaroxaban achieves peak plasma
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levels in three hours and has a half-life of nine hours in
healthy, young subjects, and about 12 hours in elderly
subjects.14 It is metabolised by the liver via CYP3A4, with up
to two-thirds of the drug being eliminated by the kidney.21

Caution in the use of rivaroxaban in patients with renal
impairment is required because of its renal clearance. It does
not interact significantly with platelet function in preclinical
studies, and has a bleeding risk comparable to that of
enoxaparin. Rivaroxaban has also been trialled for the
prevention of secondary VTE, DVT, stroke and embolism
due to AF.22–26

Apixaban 
This drug also has a good bioavailability (more than 50%,
and a similar half-life of between nine and 14 hours). With
fixed twice-daily dosing and metabolism in the liver via
CYP3A4, about 25% is excreted by the kidney and the
remainder by the intestine.15 It has been shown to be safe
and well tolerated in initial testing in volunteers, and its
anticoagulant effects closely correlate to plasma
concentration of the drug. Apixaban has also been trialled
for the prevention of secondary VTE, DVT and stroke due 
to AF.27–31

Edoxaban
Like others agents in its class, edoxaban also shows promise
in terms of efficacy and safety compared to VKAs.16 It has a
bioavailability of 66%, plasma levels peak one to two hours
after ingestion, has minimal hepatic metabolism, and 50% is
excreted via the kidney. It has been trialled in the prevention
of secondary VTE, DVT, stroke and embolism due to AF, but
as yet is unlicensed in the UK.32–34

In the UK, the National Institute for Health and Care
Excellence (NICE) publishes opinions and guidelines on the
value of pharmaceuticals. A summary of these with regard
to the NOACs is presented in Table 3. Although it may be
expected that NOACs could gain licences in all the
indications listed in Table 2, in practice there may never be
rigorous trials of these agents in those indications that are
less common. Accordingly, in the absence of robust NOAC
data, there may always be a place of VKAs in less-frequent
conditions.

Vitamin K antagonists

• Regular blood tests (perhaps four-weekly, hence expensive and
inconvenient to manage)

• Narrow therapeutic window 

• Interactions with many other drugs and lifestyle choices

• Teratogenic to the embryo

• Long-half life (hence insensitive to need for a rapid change)

Unfractionated heparin

• Need to be injected

• Unreliable pharmacokinetic and pharmcodynamics, hence
requirement for monitoring with activated partial thromboplastin
time

• Small risk of heparin-induced thrombocytopenia

Low molecular weight heparin

• Need to be injected

• Very small risk of heparin-induced thrombocytopenia

NB: list not intended to be exhaustive.

Table 1. Disadvantages of traditional anticoagulants.

Indication                                                              Duration

Pulmonary embolus                                               Six months

Distal DVT due to temporary risk factors                 Three months
(eg orthopaedic surgery, pregnancy)

Proximal DVT or DVT of unknown cause or               Six months
those associated with on-going risk factors

VTE associated with malignancy                              Six months 
                                                                           then review

Recurrence of VTE  (while NOT on warfarin)               Long term

Recurrence of VTE (while ON warfarin)                      Long term

Atrial fibrillation (AF)                                                Long term

AF: patient due for cardioversion (CV)                Four weeks pre-CV, 
                                                                    minimum four weeks 
                                                                              post-CV

Cardiomyopathy                                                      Long term

Mural thrombus                                                   Three months

Rheumatic mitral valve disease                               Long term

Mechanical prosthetic heart valves (aortic)                Long term

Mechanical prosthetic heart valves (mitral)                Long term

Antiphospholipid syndrome (venous)                         Long term

Antiphospholipid syndrome (arterial)                         Long term

Thrombophilia                                                       Depends on 
                                                                         circumstances

Table 2. Indications for the use of VKAs, and recommended
duration of anticoagulation.

Indication                                            NOAC                 NICE 
                                                                                document

VTE following hip and 
knee orthopaedic surgery                    Dabigatran             TA157

                                                       Rivaroxaban            TA170

                                                         Apixaban              TA245

Stroke and systemic embolism 
in atrial fibrillation                               Dabigatran             TA249

                                                       Rivaroxaban            TA256

                                                         Apixaban              TA275

                                                        Edoxaban              ID624

Prevention and treatment of 
VTE after acute DVT                           Dabigatran             ID483

                                                       Rivaroxaban            TA261

                                                         Apixaban              ID726

                                                        Edoxaban              ID622

VTE: venous thromboembolism; 
DVT: deep vein thrombosis; 
TA: technology appraisal;
ID: in development.

See www.nice.org.uk 

Table 3. NICE documents and the NOACs.



Clinical use of the NOACs

A disadvantage of VKAs is the many drug interactions that
frustrate management. Similarly, NOAC are sensitive to
different co-medications via P-glycoprotein and cytochrome
metabolic pathways, leading to recommendations that the
dose of the particular NOAC be reduced (Table 4) or not used
(as in most triazole antifungals).35 Other factors possibly
leading to the need to reduce the dose include the use of
antiplatelet drugs, non-steroidal anti-inflammatory drugs
(NSAIDs), chemotherapy and steroids, gastrointestinal
bleeding, recent surgery on a critical organ, or
thrombocytopenia. Other factors leading to higher plasma
NOAC levels include increasing age (generally <75) and low
weight (e.g., ≤60 kg). Renal function must be considered
because as function deteriorates so the effective half-life of
the drug increases and thus the dose of the NOAC should be
reduced (Table 5).35–37

An NOAC or a VKA?
Those advocating prudent economics point to the higher
pharmaceutical cost of NOACs compared to the VKAs.
However, NOACs are not routinely monitored, and the cost
of monitoring VKAs is considerable, and the cost of the
strokes and other endpoints saved by using NOACs should
be taken into account. 
Perhaps patients who are very stable on a VKA, and so

have a high time in therapeutic range (TTR),38 implying
good management involving monitoring only every three
months, are very cost-effective for the NHS, and therefore
should remain on their VKA. Conversely, the NHS may
benefit from those patients who are difficult to manage, with
a low TTR deriving from regular and frequent visits to the
oral anticoagulant clinic, being transferred to an NOAC. 
The importance of this was demonstrated in a study of 595

patients undergoing VKA prophylaxis after orthopaedic
surgery. Only 37% of hip arthroplasty patients were in
international normalised ratio (INR) range, and 13% never
reached their target. These data on a poor TTR argue in
favour of an alternative to a VKA, that being an LMWH or an
NOAC.39

A scoring system (SAMe-TT2R2) has been developed to
help predict the likelihood of achieving good
anticoagulation control with a VKA in newly-diagnosed AF

patients.40 If an individual’s SAMe-TT2R2 score is 0 or 1, then
a VKA (probably warfarin) is recommended. For those with
SAMe-TT2R2 score ≥2, an NOAC is recommended. Notably,
those with a poor TTR are at risk both of thrombosis (when
the INR is below the target range) and haemorrhage (when
above the target range).41–43 However, the SAMe-TT2R2 score
cannot be used in a decision to move an AF patient from a
VKA to an NOAC, and the model is not yet validated in
other groups requiring long-term oral anticoagulation 
(such as those with heart valve disease or a thrombophilia)
(Table 2). 

Haemorrhage

The major problem with all anticoagulants (VKAs, NOACs
and the heparins) is that inappropriate use may seriously
impair the coagulation pathway so that an ineffective
thrombus is formed (if at all), leading to haemorrhage.
However, the extent of haemorrhage is variable and may not
always call for active treatment.44,45 Such haemorrhage may
be classified (Table 6) and the practitioner must make a
clinical decision as to the severity. Laboratory involvement
includes blood transfusion and the correction of abnormal
haemostasis with blood products such as factor VII and
prothrombin complex concentrate.35,46–49
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Drug                     Dabigatran          Apixaban         Rivaroxaban

Atorvastatin               +18%            No data yet          No effect

Verapamil              +12–80%*         No data yet        Minor effect†

Quinidine                  +50%*           No data yet           +50%*

Diltiazem                 No effect             +40%*          Minor effect†

Amiodarone           +12–60%*         No data yet        Minor effect†

Clarithromycin, 
erythromycin          +15–20%*        No data yet         +30–54%*

*Reduce the dose of the NOAC; 
†Use with caution if creatinine clearance 15–50 mL/min. 

Modified from references 35 (which has more interactions and
recommendations), 52 and 65 and elsewhere. 

NB: This list is not intended to be exhaustive.

Table 4. Selected drug interactions with NOACs.

                                                                                                        Dabigatran                         Apixaban                      Rivaroxaban

Fraction of absorbed dose that is renally excreted                                       80%                                  27%                                35%

Half-life when CrCl >60 mL/min                                                           ~14 hours                           No data                        ~8.5 hours

Half-life when CrCl 30–60 mL/min                                                         ~18 hours                           No data                          ~9 hours

Half-life when CrCl 15–30 mL/min                                                         ~28 hours                           No data                        ~9.5 hours

Not recommended if CrCl <…                                                              30 mL/min                         15 mL/min                       15 mL/min

Dosing recommendation when creatinine clearance is falling            CrCl 30–49 mL/min:          CrCl 15–29 mL/min:         CrCl 15–49 mL/min: 
                                                                                                reduce dose (e.g., from      reduce dose (e.g., from     reduce dose (e.g., from
                                                                                                   150 to 110 mg bd)               5 to 2.5 mg bd)               20 to 10 mg qd)

CrCl: creatinine clearance. 

Modified from references 35, 36, 59, 60 and elsewhere. 

NB: Ensure the correct equation is used as eGFR according to the Modification of Diet in Renal Disease equation gives different results 
to the creatinine clearance as estimated by the Cockcroft and Gault equation.95

Table 5. Renal function and the NOACs.
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In the face of haemorrhage, the time of the last dose of the
NOAC should be determined and the half-life estimated
from the estimated glomerular filtration rate
(eGFR)/creatinine clearance (Table 5).49–52 When bleeding is
not severe, temporary drug withdrawal may be the only
requirement. However, when bleeding is more severe, active
treatment is likely and may consist of blood
components.49,53,54 In these cases there will be regular
laboratory monitoring and a root cause analysis inquest.
Table 7 summarises key aspects regarding response to
haemorrhage on an NOAC, many of which also apply to
haemorrhage on a VKA.

Monitoring

Despite the view that NOACs need not routinely be
monitored, there are several instances where knowledge of
the precise anticoagulant status of an individual is needed
(Table 8), and thus a blood test required. Although the
patient can most likely be relied upon to provide a recent
history of their compliance, this may not always be accurate,
and, as there is marked variation in absorbance and
metabolism of each NOAC, may not reflect the degree of
anticoagulation of their blood.35 The actual molar
concentration of a particular NOAC in the plasma may be
determined by complex methods such as high-performance
liquid chromatography (HPLC) and tandem mass
spectrometry.54–58 However, these techniques are unlikely to
be available to most routine laboratories, which are most
likely to have prothrombin time (PT), activated partial
thromboplastin time (APTT) and thrombin time (TT) in
regular use, and to some extent these may provide limited
use in certain circumstances.46,59

Nevertheless, there are more sensitive, specific and
tailored assays for the effects of the NOACs that will be
present in high-throughput and reference laboratories.
These include the reptilase time, antithrombin, tests of
thrombin generation, thrombelastography, the ecarin
clotting time (ECT), the Hemoclot thrombin inhibitor assay,
and anti-factor Xa assays such as the HepTest.54,57–60 Despite
the availability of these methods, there remains variability
between them and each NOAC, which is in direct contrast to
the simplicity of the INR. 

Dabigatran
Under experimental (non-clinical) conditions, high doses of
dabigatran will prolong the PT, but at clinical levels this test
has unacceptably low sensitivity and is strongly dependent
on the characteristics of the particular thromboplastin
reagent.61,62 Accordingly, the PT (or INR) is not
recommended for monitoring the effects of dabigatran.
However, a variant of the PT, using a lower concentration of
thromboplastin (hence dilute PT), may be better as it is likely
to have improved sensitivity.60 The APTT shows a more
appropriate curvilinear response to dabigatran, and at a
result greater than two times the upper limit of normal
(perhaps 90 seconds) is suggestive of over anticoagulation,
and thus an excess risk of haemorrhage. At the peak of
plasma levels, one of the standard low doses (110 mg 
twice daily) sees the APTT ratio often prolonged at 1.4–1.7,
while at 150 mg twice daily the ratio may be in the region
1.5–1.8.13,63,64

Level     Typical clinical picture

1          Relatively minor and localised bruising, especially at 
            sites of trauma

2a         Extensive bruising caused by trauma

2b         Extensive spontaneous bruising in the (claimed/presumed) 
            absence of trauma

3          Actual bleeding, such as epistaxis, and bleeding from 
            gums and wounds

4           Haematuria, vomiting blood, bleeding per vagina, 
            per rectum                                                                         

5           Major bleeding: from or into a critical organ (e.g., 
            intracranial, intraspinal, gastrointestinal, intraocular, 
            retroperitoneal, intra-articular, pericardial or intramuscular) 
            and/or a fall in Hb >20 g/L, or leading to the transfusion 
            of two or more units of whole blood or red cells 
            (ISTH criteria).44

Table 6. Degrees of haemorrhage.

• Act based on clinical picture, determine time and strength (mg) of
the last dose.

• Stop NOAC, maintain diuresis with fluids (oral/intravenous as
required)

• If bleeding modestly, treat locally (e.g., compression). Consider
fluid, red blood cell replacement (if necessary) and platelet
replacement (if thrombocytopenia <50), fresh frozen plasma (as
plasma expander, not to maintain haemostasis), tranexamic acid
and desmopressin.

• If bleeding severely, all of the above, and:
For Xa-inhibitors, consider prothrombin complex concentrate (PCC;
25 U/kg: may be repeated once or twice), activated PCC (e.g.,
FEIBA, 40–80 U/kg, maximum 200 u/kg/day), recombinant factor
VIIa (e.g., 90 mg/kg).
For dabigatran, as for Xa-inhibitors, but also consider concentrates
of coagulation factors II, IX and X. Consider oral charcoal and
dialysis.

• After an appropriate period, determine likelihood of the return of
haemostasis with ECT/dilute TT/APTT for dabigatran and an anti-
factor Xa assay/modified PT for factor Xa inhibitors.

• Determine cause of haemorrhage and reinforce patient education.

• Recommence anticoagulation after a suitable period.

Opinion pooled from references 35, 46, 49, 52, 82–84 
and elsewhere.

Table 7. Summary of potential actions in the face of
haemorrhage with an NOAC.

• Prior to emergency surgery or other invasive procedure

• In the face of evident or suspected haemorrhage

• Where there is suspicion of overdose

• If in acute thrombosis, or renal, liver or heart failure

• For proof of compliance

• In potential drug-drug interactions

• In trauma, acute medical disease, malignancy 

Table 8. Instances where the precise anticoagulation status of
a named patient is required.



The preferred tests of the effects of dabigatran are based
on thrombin: the ‘standard’ TT, a modified dilute TT
(commercially available as the Hemoclot thrombin inhibitor
assay, which can be used to determine the drug
concentration) and the ECT.13,46,58,62 In one study of 120
plasma samples from 52 patients on dabigatran, levels of the
drug correlated poorly with the INR (r2=0.49) and the APTT
(r2=0.54), moderately with the thrombin time (r2=0.70), but
the strongest correlation was with the dilute thrombin time
(r2=0.95).63 In another, using spiked normal plasma, the
correlation coefficients were 0.84, 0.85, 0.86 and 0.92,
respectively.62 Thus, both studies point to the superiority of
the dilute thrombin time. A TT result >65 seconds implies an
excessive risk of bleeding: a normal TT means drug levels are
low.46,64 A result for the ECT greater than three times the
upper limit of normal also suggests increased risk of
haemorrhage.35,59,65 and this test may be suitable for
assessing the reversal of haemorrhage with the use of
prothrombin complex concentrate.54

Factor Xa inhibitors
Rivaroxaban, apixaban and edoxaban all influence the
coagulation pathway to varying extents. The relationship
between the APTT and rivaroxaban is curvilinear,59 but is
strongly influenced by reagents and analysers: in some
cases, a prolonged APTT indicates supratherapeutic levels,
whereas, in other cases, the anticoagulant effect is
underestimated, hence preferred use of the PT over the
APTT (Figs. 2 and 3).60,66 However, although the relationship
between rivaroxaban and the PT is linear, this test cannot be
used to determine plasma levels of the drug, but it may be
modified by diluting the plasma (hence dilute PT), which
gives better results.66–68 The importance of the
thromboplastin reagent is demonstrated by the report of
correlation coefficients between a PT ratio and plasma levels
of rivaroxaban that vary between 0.66 and 0.94.69

Tests of anti-factor Xa activity (e.g., HepTest), as may be
used to monitor the effects of LMWHs, may be modified to
assess rivaroxaban.70–72 However, the choice of a test may
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Fig. 1. The coagulation system simplified, and the role of
anticoagulants. On the right hand side, the indirect parenteral
anticoagulants, unfractionated heparin and low molecular weight
heparin (LMWH) act by effectively inhibiting thrombin and factor
Xa, respectively. Dabigatran acts directly on thrombin, while
rivaroxaban, apixaban and edoxaban act directly on factor Xa.
The effect of warfarin (left hand side) is to reduce levels of
certain coagulation factors, the building blocks of the fibrin clot,
so an effective thrombus is slow to form (if at all).

Initiator and propogation stages 
(e.g., factor V, factor VII, factor VIII)

Generation of factor Xa
from factor X

Factor Xa inhibitors
(e.g., rivaroxiban,

apixaban, edoxaban,
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Direct thrombin inhibitors 
(acting via antithrombin; 
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depend on the indication: if a qualitative assessment of the
effect of the drug is required, then a PT with calibrated
reagents maybe better, whereas for a determination of the
amount of drug in the blood, a chromogenic anti-factor Xa
test is preferred.67,72 There may be a place for the use of a test
based on Russell’s viper venom in assessing the effect of
rivaroxaban.73

Both apixaban and edoxaban can prolong the PT and the
APTT, depending on reagents, but clotting and (preferably)
chromogenic factor Xa assays give satisfactory results, and so
may be preferable (Figs. 4 and 5),74–80 although there may be
a place for a modified PT.79 Correlation coefficients between
the expected and observed apixaban levels in spiked plasma
were better than 0.99 in four different anti-Xa assays.74

Another study reported a correlation coefficient of 0.88–0.89
between the spiked plasma concentration of apixaban and its
ability to influence factor Xa, while the correlation between
plasma apixaban and the PT/INR (r=0.36) was poor.77

Cuker et al. emphasised the inferiority of the PT/INR
(correlation coefficient 0.36–0.41) compared to anti-FXa assay
(correlation coefficient 0.88–0.97) in determining the plasma
level of apixaban.80 Unlike rivaroxaban (which seems to
interact with the LA-1 low phospholipid reagent) and
dabigatran, apixaban is less likely to produce false-positive

lupus anticoagulant results.74,81 Comparable data to the above
for the effect of edoxaban in a clinical setting is awaited.

Emergency settings

As discussed, the ECT or dilute TT for dabigatran, and an
anti-factor Xa assay for factor Xa inhibitors should be
considered appropriate in an emergency setting, such as a
patient on an NOAC presenting to accident and emergency
in frank haemorrhage or after trauma such as a road traffic
accident. However, in the absence of first-line tests, an APTT
for dabigatran and a PT for the factor Xa inhibitors are (with
caveats) recommended.76,82–86 Table 9 summarises aspects of
the laboratory monitoring of the NOACs.

Conclusions

The NOACs are an exciting new class of drugs that, as a
whole, provide at least as good protection from thrombosis
as their condition-specific comparator (VKA or LMWH), but
also have better safety profiles. However, there are
differences between them in AF and in orthopaedic surgery,
and formal guidelines and recommendations are becoming
available35,59,82,85–87 that describe relevant blood tests. The
purpose of the monitoring may be relevant, as a test for
determining plasma levels of the drug may not be the best
for determining anticoagulant effect.59,60 For example, in
determining whether or not clinically relevant below on-
therapy levels of dabigatran are present, a standard TT may
be preferred. Conversely, in seeking to determine if above
on-therapy levels of dabigatran are present, a dilute TT or
ecarin-based assay may be better.80 Despite the above, a
constant recommendation is that all laboratories invest in
their methodology and determine which sets of commercial
reagent and analysers they find to be most reliable both in
clinical and laboratory terms.
With increasing confidence in the use of these agents, it is

likely that their use will extend to other conditions where

Fig. 2. Effect of rivaroxaban on the prothrombin time expressed as
an INR. a) Analysis using five different plain thromboplastin reagents.
b) Analysis using four different rabbit thromboplastin reagents. 
Note the marked differences in the dose-response lines indicating
variable sensitivity (reproduced from reference 66 with permission).

Fig. 3. Effect of rivaroxaban on the APTT using five different
reagents plotted against the plasma drug levels. Note the
curvilinear relationship and differences in the dose-response
lines indicating variable sensitivity (reproduced from reference
66 with permission).
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VKAs and/or LMWHs are partially effective, are
inconvenient and/or are contraindicated, such as in acute
coronary syndromes.88 Furthermore, additional NOACs are
in development,89 as is a new VKA.90 Despite the apparent
success of the NOACs, there is at least one instance
(mechanical heart valves) where they fail to provide a better
outcome than is available with a VKA.91 In cancer, meta-
analyses of recurrent VTE found that, as a whole, NOACs
were equivalent in efficacy and safety to VKAs.92,93 However,
recent guidance on prevention of VTE in hospitalised
medical cancer patients from the International Society on
Thrombosis and Haemostasis fails to mention NOACs.94

Nevertheless, oral anticoagulant will continue to be an
important and rapidly developing area for at least the
coming five, possibly 10 years. �

Note added in proof 
In the USA, the Food and Drug Administration has granted
breakthrough therapy designation for the development of
an antidote to dabigatran (http://clinicaltrials.gov/ct2/show/
NCT02028780?term=idarucizumab&rank=2). A formal
publication will appear in 2015. 
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from Pfizer, Bayer, Daiichi-Sankyo and Boehringer Ingleheim. 
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