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trial fibrillation (AF) is the most common

sustained arrhythmia faced by clinicians
in primary and secondary care. Patients
with AF face a significant risk of stroke
and thromboembolic complications with
associated morbidity and mortality. The
role of antiplatelet agents is diminishing,
while the use of oral anticoagulants is being
actively encouraged. Warfarin has provided
the mainstay of oral anticoagulation for
more than half a century. New oral direct
inhibitors (ODIs) of thrombin and activated
factor X — commonly referred to as the new
oral anticoagulants (NOACs) — are being
prescribed with increasing frequency. These
ODIs have a number of advantages over
warfarin, including predictable response, no
need for monitoring or dose changes and
fewer drug and food interactions. Although
the risk of intracranial bleeding is reduced,
there is still a risk of major haemorrhage
as patients are fully anticoagulated. An
understanding of the ODIs’ metabolism
and excretion, as well as their effects on
coagulation tests, is paramount to the
management of patients, particularly in
emergency situations.

Introduction

Atrial fibrillation (AF) affects up to 2% of the
population, its prevalence increasing with age;

and, with the anticipated rise in the average age

of the population, it is likely that the rate of AF

will rise considerably. There is a significant risk

of stroke, heart failure and mortality associated
with AF. Both the National Institute for Health

and Care Excellence (NICE) and National Health
Service (NHS) Improvement have identified AF

and stroke prevention as key areas for maintaining
healthcare quality and improvements.! A key feature
is the early identification of patients at risk of
thromboembolic events and the prompt initiation of
an oral anticoagulant. Until recently, the only oral
anticoagulants available to us were the vitamin K
antagonists (VKASs), such as warfarin.
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The newer agents

Dabigatran is an oral direct thrombin (factor Ila)
inhibitor and rivaroxaban and apixaban are oral
direct inhibitors (ODlIs) of factor Xa (table 1). These
new oral anticoagulants (NOACs) are licensed, in
the European Union by the European Medicines
Agency, for stroke prevention in patients with AF,
and in the UK have also been approved by NICE.>*

The ODIs have a number of advantages over VKAs,
including a rapid onset of action, short half-life,
wide therapeutic range and few food or drug
interactions (table 1). However, there are a number
of potential limitations, aside from higher drug
costs, and these include difficulties in measuring
an ODI's anticoagulant effect, as well as the fact
that there are currently no antidotes available.

Although there is no need for routine monitoring,

a recent questionnaire sent out to hospital
laboratories, which participate in the UK National
External Quality Assurance Scheme (NEQAS) for
anticoagulation, found that nearly a quarter are
being asked to perform some form of coagulation
test to assess patient compliance [personal
communication]. There are occasions when the
ability to measure an ODI’s anticoagulant effect may
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be desirable, and these include prior to surgery
or an invasive procedure, after an overdose, in a
patient with deteriorating renal function, following
a thrombotic event to assess for treatment failure
or lack of patient adherence and, in particular,
when faced with a patient who is bleeding.

On 29 September 2013, the Medicines and
Healthcare products Regulatory Agency
(MHRA) sent out a letter to all healthcare
professionals with a “reminder to reduce

the risk of bleeding by assessing risk factors
for bleeding and observing recommended
posology, contraindications, warnings and
precautions for use” in patients receiving new
oral anticoagulants.® The letter was signed by
the medical directors of Boehringer Ingelheim,
Bayer, Bristol Myers Squibb and Pfizer, who
market dabigatran, rivaroxaban and apixaban,
respectively, in the UK.

Risks of major bleeding

It is important to be aware that, while the risk

of intracranial bleeding appears to be lower with
ODIs when compared with VKAs, the risk of
major bleeding is comparable between all the
oral anticoagulants. The International Society

on Thrombosis and Haemostasis (ISTH) defines
major bleeding as a fall in haemoglobin of at
least 20 g/L or transfusion of at least two units of
red cells, or symptomatic bleeding into a critical
area or organ, such as intracranial, intraspinal,
intra-ocular, retroperitoneal, intra-articular,
pericardial or intramuscular with compartment
syndrome.® A subgroup of major bleeding is life-
threatening bleeding and this encompasses fatal
bleeding, symptomatic intracranial bleeding, a fall
in haemoglobin of at least 50 g/L or a transfusion
of four units of red cells (figure 1).

There are currently no validated methods for
assessing the risk of bleeding in a patient
receiving an ODI. The European Society of
Cardiology 2012 guidelines for the management
of AF recommend the use of the HAS-BLED
score to identify patients at increased risk

of bleeding.” In addition, it is important that
clinicians prescribing an ODI make themselves
fully aware of the anticoagulant’s metabolism
and renal excretion, as well as potential drug
interactions (table 1).

VKAs, such as warfarin, reduce the levels of the
coagulation clotting factors II, VII, IX and X. The
prothrombin time (PT) is sensitive to a reduction
in factor VIl and, expressed as an international

normalised ratio (INR), is used to monitor
warfarin. The activated partial thromboplastin
time (@PTT) provides a measure of the
intrinsic (factors VIII, IX and XI) and common
(I, V and X) coagulation pathway, and is used
to monitor unfractionated heparin.

The aPTT displays a curvilinear dose response
to increasing concentrations of dabigatran,
while the PT (and aPTT to a varying degree)
is prolonged at therapeutic concentrations
of rivaroxaban and apixaban. However,

this is very much reagent dependent, and
laboratories and clinicians alike will need to
be aware of the sensitivity of their respective
PT and aPTT assays. The PT and aPTT

can only provide a qualitative assessment

of whether an anticoagulant effect from an
ODI is present. To determine plasma drug

concentration requires specific commercial
assays, a dilute thrombin clotting time
(Hemoclot®) for dabigatran and anti-Xa
assays with appropriate calibrators for
rivaroxaban and apixaban.

Management of bleeding

The management of bleeding is dependent
on its severity, and can be subdivided into
non-major, major and life-threatening using
the ISTH definition (figure 1). The time of
the last oral dose, as well as dosing regimen,
should be determined and the expected half-
life and drug elimination can be estimated by
calculating the creatinine clearance. The ODI's
anticoagulant effect should be measured
qualitatively or quantitatively depending on
the assays available within the laboratory.

Table 1. Oral anticoagulants for stroke prevention in atrial fibrillation

Warfarin

Dabigatran

Rivaroxaban Apixaban

Coagulation Vitamin K dependent  Direct factor lla Direct factor Xa Direct factor Xa
factor target factors Il, VII, IX and X (thrombin) inhibitor inhibitor inhibitor
Dose Variable 110 mg or 150 mg 10 mg 2.5 mgor5mg
Frequency Daily Twice daily Daily Twice daily
Peak onset 72-96 h 2-3h 2-4 h 1-3 h
Half-life ~40 h 12-15h 5-9 h (young) 8-13 h
11-13 h (elderly)
Protein binding  99% 35% 92-95% 87%
Metabolism Hepatic cytochrome 20% liver 66% liver 70% liver
P450 isozymes metabolism metabolism metabolism
(predominantly
CYP2C9)
Renal excretion - 80% renal 33% renal 27% renal
(active drug)
Drug Numerous clinically P-GP inhibitors/ CYP3A4/CYP2J2 CYP3A4 and

interactions

significant interactions

Refer to BNF

Non-specific tPT

coagulation tests

Specific INR

coagulation

tests

Antidote Vitamin K
PCC

inducers
Refer to SmPC

taPTT tTCT

Dilute thrombin
time (Hemoclot®)

Idarucizumab
(phase Il study)

and P-GP inhibitors/

inducers
Refer to SmPC

tPT taPTT
Anti-Xa assay
(rivaroxaban

calibrator)

Andexanet—a
(phase Il study)

P-GP inhibitors/
inducers
Refer to SmPC

tPT taPTT
Anti-Xa assay
(apixaban

calibrator)

Andexanet—a
(phase Il study)

Key: aPTT = activated partial thromboplastin time; BNF = British National Formulary; INR = international normalised ratio;
PCC = prothrombin complex concentrate; P-GP = P-glycoprotein; PT = prothrombin time; SmPC = summary of product
characteristics; TT = thrombin time
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Figure 1. Management of oral direct inhibitor (ODI) bleeding

Non-major bleed Major bleed

Direct thrombin

Direct thrombin Factor Xa inhibitors

Factor Xa inhibitors
inhibitors (dabigatran) | | (apixaban, rivaroxaban) inhibitors (dabigatran) (aplxaban rivaroxaban)

Measure FBC, U+E, eGFR/eCrCl, PT, aPTT

Consider oral charcoal (<2 h ingestion)
Local haemostatic measures
Tranexamic acid*
Delay/omit next anticoagulant dose

Time since last oral dose + dosing regimen ]

| |
( Hemoclot dilute TT ) ( ODI anti-Xa assay ) ( Hemoclot dilute TT ) ( ODI anti-Xa assay
| |

CrCl:  {1.23 x (140 - age [years])

x weight [kg] (0.85 if female)}

serum creatinine (umol/L)

v

( Maintain BP and urine output
| |

Consider oral charcoal (<2 h ingestion)
Local haemostatic measures
(mechanical compression, surgical/radiological intervention)
Tranexamic acid” (1 gi.v.)

Fluid replacement (crystalloid/colloid)
RBC/platelet transfusion
(Aim Hb >80 g/L, PIt >75 x 10%L)
Fresh frozen plasma (not as a reversal agent)
Identify bleeding source
(surgery, endoscopy, interventional radiology)

7

Limb/life-threatening bleed

*Prothrombin complex concentrate (PCC)
*Activated PCC (FEIBA)

o )

#Caution: tranexamic acid use in haematuria of renal origin is associated with a risk of mechanical obstruction and anuria due

to the formation of clot within the ureter

*PCC and FEIBA are not licensed for this indication. If considering use of haemostatic agent, discuss with haematologist

Key: aPTT = activated partial thromboplastin time; BP = blood pressure; eCrCl = estimated creatinine clearance; eGFR =

estimated glomerular filtration rate; FBC = full blood count; Hb = haemoglobin; i.v.
red blood cells; TT =

PIt = platelets; PT = prothrombin time; RBC =

= intravenous; ODI = oral direct inhibitor;
thrombin time; U+E = urea and electrolytes

Adapted from: Heidbuchel et al. EHRA practical guide on the use of new oral anticoagulants in patients with non-valvular AF.

Eur Heart J 2013;34:2094-106.

Non-major bleeds may be treated with oral
activated charcoal to reduce further drug
absorption, in addition to omitting or delaying
the next oral dose. Local haemostatic measures,
such as compression (epistaxis, superficial
wounds) or surgical haemostasis (sutures), may
also be employed. The mainstay of treatment
for major bleeds should be supportive, in
particular maintaining renal perfusion, to aid
drug elimination. Transfusion of red cells,
platelets and fresh frozen plasma (FFP) should
be given to correct anaemia, thrombocytopenia
and coagulopathy, respectively.

A dabigatran monoclonal antibody (idarucizumab)
and recombinant functionally inert factor Xa
antidote (andexanet-a) for rivaroxaban/apixaban
are currently in phase Il human studies [personal
communication]. A number of animal bleeding
models suggest that it is possible to arrest ODI
induced bleeding with the haemostatic agents,
prothrombin complex concentrate (PCC),
activated PCC (FEIBA) or recombinant factor
Vlla (NovoSeven). However, there have been no
clinical studies of these agents in humans who
are bleeding while receiving an ODI.

ANTICOAGULATION

Key messages

® New oral direct inhibitors offer a
number of advantages over
warfarin, but patients are
therapeutically anticoagulated and
remain at risk of bleeding

® Dabigatran is a direct thrombin
inhibitor, and will prolong the activated
partial thromboplastin time (aPTT)
and thrombin time (TT) to a varying
degree: plasma concentration is
measured by a dilute TT

® Apixaban and rivaroxaban are direct
inhibitors of activated factor X, and
will prolong the prothrombin time (PT)
(and aPTT) to a varying degree: plasma
concentration is measured by an anti-
Xa assay (with appropriate calibrators)

® Management of bleeding for the
majority of patients is supportive

At present it is not clear which, if any,
haemostatic agent should be administered
off-licence to a patient bleeding while
anticoagulated with an ODI. While awaiting
the availability of future antidotes, all bleeding
events and their outcomes should be reported
via the MHRA yellow card reporting system
and, in addition, patients should be enrolled
into national and international registries to help
guide future management.

A registry of bleeding events associated with
oral anticoagulation has recently been adopted
onto the UK Clinical Research Network
(UKCRN) Study Portfolio (UKCRN 15322) Oral
Anticoagulant Agent-associated Bleeding Events
Reporting System (ORANGE) study and is open
to new centres® @
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