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Abstract
Haemostasis and thrombosis rely on three components, namely the vascular endothelial wall, blood platelets and the coagulation cascade. Nonphysiologic excessive thrombosis occurs when haemostatic processes are dysfunctional, causing undue clot formation or reduced clot lysis.
Antithrombotic agents including antiplatelet, anticoagulation and fibrinolytic agents are essential for the prophylaxis and pharmacological
management of venous thromboembolism and arterial thrombosis. Anticoagulation treatment options have expanded steadily over the
past few decades, providing a greater number of agents. Anticoagulants that directly target the enzymatic activity of thrombin and factor
Xa have recently been developed to address the inadequacies of traditional vitamin K antagonists. Appropriate use of these agents requires
knowledge of their individual characteristics, risks, and benefits.
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Introduction

Thrombin is active in both circulating and clot-bound forms.5
Components of the intrinsic pathway (i.e., factors VIII, IX, XI) are
responsible for amplification of this process.6 In order to restore
vessel patency following haemostasis, the clot must be removed
by the proteolytic enzyme, plasmin, which is converted from
plasminogen, in the presence of tissue plasminogen activator
(tPA). Plasmin activity is regulated by vascular endothelial cells that
secrete both protease plasminogen activators, and plasminogen
activator inhibitors.7

Haemostasis, the process of thrombin-stimulated fibrin clot
formation at the site of vessel injury, involves several processes.
The clotting process involves endothelial injury and formation
of the platelet plug, propagation of the clotting process by the
coagulation cascade, termination of clotting by antithrombotic
regulatory processes, and clot removal by fibrinolysis.1 Injury to
the endothelium leads to exposure of the circulating blood to
subendothelial elements, and activation of platelets and procoagulant factors. The main physiologic platelet stimuli include
adenosine diphosphate (ADP), thrombin and collagen.2 Intimal
injury impairs the production of nitric oxide and prostacyclin
and exposes subendothelial collagen. This results in platelet
adherence, platelet activation, and secretion of platelets granules.
The integrin glycoproteins GPIa/IIa and GPVI are the two most
important platelet collagen receptors, playing critical roles in
platelet adhesion and activation. Thrombin activates platelets
via G-protein coupled protease-activated receptors (PARs) while
ADP binds to two G-protein coupled receptors.3 Following
activation, platelets undergo significant conformational changes
via the GPIIb/IIIa receptor on the platelet surface that make the
platelets extremely adhesive and leads to binding of both von
Willebrand factor (VWF) and fibrinogen. Secretion of platelet
granules like ADP, serotonin, and thromboxane A2 (TXA2) stimulate
and recruit additional platelets, induce vasoconstriction and have
potent mitogenic effects on smooth muscle cells.4 The interactions
between activated platelets and the clotting cascade, exposure
of tissue factor at the wound site, and its interaction with factor
VIIa generate activated factor X which converts prothrombin to
thrombin. Thrombin converts fibrinogen from a soluble plasma
protein into an insoluble fibrin clot, activates other pro-coagulant
factors including factors V, VIII, XI, XIII, and activates platelets.
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Antiplatelet drugs
Antiplatelet agents prevent clot formation and growth, and
prevent platelet clumping. Antiplatelet drugs are classified
according to their site of action. These include drugs that inhibit
platelet adhesion, activation, aggregation, and platelet mediated
links with inflammation. Platelet activation can be impeded by
suppressing the TXA2 pathway, ADP pathway, thrombin and
phosphodiesterase (PDE).8
Table I: Summary of available antiplatelet drugs and mechanism of
action
Antiplatelet agents

14

Thromboxane A2 pathway
inhibitors

• aspirin (Ecotrin®, Bayer-Aspirin®,
Myoprin®)

ADP receptor antagonists

•
•
•
•
•

Phosphodiesterase inhibitors

• dipyridamole (Persantin®)

Glycoprotein IIb/IIIa inhibitors

• abciximab (Not available in SA)
• epitifibatide (Integrilin®)
• tirofiban (Aggrastet®)
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clopidogrel (Clopiwin 75®, Plavix®)
ticlopidine (Not available in SA)
ticagrelor (Brilinta®)
cangrelor (Not available in SA)
prasugrel (Not available in SA)
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Thromboxane A2 (TXA2) pathway inhibitors –
aspirin
Aspirin as an antiplatelet agent (in addition to its antiinflammatory, analgesic and antipyretic effect) at a recommended
dose of 75–100 mg daily, is used for the primary and secondary
prevention of ischaemic heart disease, stroke and transient
ischaemic attack, including the prevention of thrombus formation
after cardiac surgery. Aspirin is important in the management
of coronary artery disease and acute coronary syndromes.
Patients with unstable angina have a 50% risk reduction in the
incidence of fatal and non-fatal myocardial infarction if they are
on aspirin treatment.9 Low dose aspirin irreversibly acetylates and
inhibits cyclooxgenase-1 (COX-1) (only weakly inhibits COX-2)
and the formation of TXA2, thus reducing platelet aggregation.
Irreversible binding of aspirin to the COX-1 enzyme ensures the
inability of new TXA2 to be synthesised, resulting in a permanent
effect lasting throughout the lifespan of the platelet (7–10
days).10 Gastrointestinal tract irritation, bleeding, hypersensitivity
reactions, such as bronchospasm, rhinitis, urticaria, angioedema,
and drug interactions are the major side effects associated with
aspirin use. Tinnitus, impaired renal function and hepatotoxicity are
more likely to be experienced in higher dosages. Elderly patients
are more prone to these side effects even in lower dosages. Due to
aspirin’s mechanism of action and effect on the clotting system, it
is contraindicated in patients with peptic ulceration, haemophilia,
thrombocytopenia and other bleeding tendencies, including
severe renal and hepatic insufficiency. Aspirin use should be
avoided in children and adolescents due to the possibility of life
threatening Reye’s syndrome. It is a highly plasma protein bound
agent, and therefore has the potential to displace other drugs (i.e.
antidiabetic agents, methotrexate, warfarin) from their binding
sites and thus increasing the risk of toxicity. Concomitant use of
other thrombolytic agents increases the risk of haemorrhage and
gastrointestinal bleeding, and should generally be avoided.11

ADP receptor antagonists – clopidogrel,
ticlopidine, ticagrelor, cangrelor, prasugrel
ADP receptor antagonists irreversibly inhibit ADP (P2Y1 and P2Y12)
receptors on platelets. These agents are employed to reduce the
risk of fatal myocardial infarction in acute coronary syndrome, with
or without ST segment elevation, and for secondary prevention of
thromboembolic diseases, stroke and transient ischaemic attack,
or in patients with aspirin intolerance.12 Contraindications include
active bleeding, intracranial haemorrhage, and severe liver
impairment. Drug interactions with aspirin, heparin, warfarin and
NSAIDs increase the risk of gastrointestinal bleeding in particular.
Common adverse effects include bleeding, gastrointestinal side
effects (bleeding, dyspepsia, abdominal pain and diarrhoea), and
CNS effects with dizziness, paraesthesia and headache.13
Clopidogrel is activated in the liver and is six times more effective
than aspirin in preventing platelet aggregation. It has superior
tolerability and fewer incidences of bleeding compared to aspirin
and ticlopidine. There is competitive cytochrome P450 2C19
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(CYP2C19) inhibition by omeprazole and esomeprazole, therefore
pantoprazole should be considered in patients requiring a proton
pump inhibitor (PPI) whilst taking clopidogrel.14 In patients with
atrial fibrillation and in those intolerant to warfarin, clopidogrel
should be added to aspirin.12 Ticlodipine displays fewer
gastrointestinal effects compared to aspirin. However, reversible
neutropenia and thrombotic thrombocytopenic purpura may be
experienced in < 1% of patients, necessitating therapeutic drug
monitoring and regular blood counts.15 This drug is no longer
available in South Africa.
Ticagrelor and cangrelor are selective and reversible inhibitors of
the platelet P2Y12 ADP receptor. Cangrelor is not available in South
Africa, but these agents are used in combination with aspirin or
clopidogrel to prevent thromboembolic events in patients with
acute coronary syndrome. Contraindications for ticagrelor’s use
include hypersensitivity, active bleeding, inherited bleeding
disorders, intracranial haemorrhage, severe liver impairment,
and the concomitant use CYP3A4 inhibitors/inducers. It increases
plasma levels of statins and digoxin.16
Prasugrel is used with aspirin to reduce atherothrombotic events
after stenting. It can be co-administered with CYP3A4 inhibitors/
inducers, statins and PPIs. Prasugrel causes irreversible inhibition
of the platelet P2Y12 ADP receptor, which results in a fast, powerful
and sustained inhibition of platelet aggregation compared to
clopidogrel.17

Phosphodiesterase inhibitors – dipyridamole
Dipyridamole blocks the platelet aggregation response by
inhibiting phosphodiesterase activity which is responsible to
break down Replace with cyclic adenosine monophosphate
(cAMP). In addition, the ability of platelets to establish the reuptake of adenosine is impaired, thereby resulting in increased
plasma concentrations of adenosine. Dipyridamole is used
in combination with other antiplatelet drugs for reducing
thromboembolic complications associated with prosthetic heart
valves, and is used as add-on therapy to warfarin in the secondary
prevention of ischaemic stroke and transient ischaemic attack
(TIA).18

Glycoprotein IIb/IIIa inhibitors – abciximab,
eptifibatide, tirofiban
Glycoprotein IIb/IIIa platelet receptor antagonists block the final
pathway in platelet aggregation and clot formation. Tirofiban is
the only glycoprotein inhibitor currently available in South Africa.
These drugs are expensive and reserved for high-risk patients
undergoing percutaneous coronary interventions, as adjunctive to
heparin and aspirin for the prevention of ischaemic complications,
short term myocardial infarction risk reduction in patients with
unstable angina, and ST-segment elevation myocardial infarction
(non-STEMI) not responding to conventional therapy.19 Renal
impairment necessitates dose adjustment, and major side effects
include bleeding and thrombocytopenia. Overdose is managed by
treatment discontinuation, administering desmopressin, platelets
and recombinant factor VIIa.20
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Fibrinolytic drugs

typically mild and transient. Severe oro-lingual angioedema is rare
but may cause partial airway obstruction and require emergency
airway management.27

Alteplase (recombinant tissue type plasminogen
activator – tPA), streptokinase, tenecteplase, urokinase,
lanoteplase and reteplase

Tenecteplase (TNK-tPA) is a genetically engineered, recombinant
tissue-type plasminogen activator (tPA) that has a longer plasma
half-life allowing for a single intravenous bolus injection. It is
approximately 14 times more fibrin specific and has an 80-fold
higher resistance to inhibition by plasminogen activator inhibitor
1(PAI-1) than tPA. Tenecteplase bolus administration is less
complicated and faster to conduct compared to streptokinase and
alteplase.28

Thrombolytic drugs convert plasminogen to plasmin in order to
degrade fibrin and fibrinogen. Therapeutic indications comprise
the management of acute thrombotic disorders including acute
myocardial infarction (STEMI), ischaemic stroke (if administered
within 4 hours from angiographically proven vascular occlusion),
acute pulmonary embolism, acute arterial thrombosis and
deep vein thrombosis. However, thrombolytic treatment is not
recommended for unstable angina and non-Q wave infarction,
non-STEMI or superficial thrombophlebitis.21 Bleeding is the
primary complication of thrombolytic therapy and haemorrhagic
stroke is the greatest concern. Absolute contraindications to
fibrinolytic therapy include previous intracranial haemorrhage,
structural cerebral vascular lesions, malignant intracranial
neoplasms, ischaemic stroke within three months, suspected
aortic dissection, active bleeding or bleeding diathesis, or
significant head or facial trauma within three months.22 Relative
contraindications include poorly controlled hypertension (systolic
blood pressure > 180 mmHg), ischaemic stroke more than three
months previously, dementia or other intracranial pathology,
traumatic or prolonged cardiopulmonary resuscitation (> 10
minutes) or major surgery (within < 3 weeks), recent (within
two to four weeks) internal bleeding, non-compressible vascular
puncture, pregnancy, active peptic ulcer, and current use of
anticoagulants. Intraocular haemorrhage from fibrinolytic therapy
in patients with diabetes mellitus is rare and diabetic retinopathy
should not be considered a contraindication to fibrinolytic therapy
in acute myocardial infarction.23

Urokinase, lanoteplase and reteplase are fibrinolytic agents which
are not currently available in South Africa. Reteplase (recombinant
plasminogen activator, rPA) is a non-glycosylated deletion mutant
of wild-type recombinant tissue-type plasminogen activator
(tPA). Reteplase is less fibrin selective and has a longer halflife than alteplase.29 Urokinase is a nonselective plasminogen
activator that has no specific affinity for fibrin, thereby activating
fibrin-bound and circulating plasminogen indiscriminately.
It is the major activator of fibrinolysis in the extravascular
compartment in contrast to tPA which is largely responsible for
initiating intravascular fibrinolysis. It is currently used only in the
management of pulmonary embolism.30

Anticoagulant drugs
Anticoagulants include a variety of agents that inhibit one or
more steps in the coagulation cascade, thereby slowing down
clotting, reducing the formation of fibrin or preventing clots
from forming. Their mechanisms vary, including direct enzymatic
inhibition, indirect inhibition by binding to antithrombin III, and
antagonism of vitamin K-dependent factors by altering their
hepatic synthesis and calcium-binding properties. Available
agents include unfractionated heparin, low molecular weight

Currently available fibrinolytic drugs registered in South Africa
include streptokinase (Streptase®), alteplase (Actilyse®) and
tenecteplase (Metalyse®). Streptokinase, a polypeptide derived
from beta-haemolytic streptococcus cultures, is the most widely
used fibrinolytic agent worldwide due to the relatively low cost
and reasonable efficacy to safety ratio.24 It binds to plasminogen,
forming an active enzyme that activates plasmin. Streptokinase
is less efficacious than alteplase, but displays a lower risk of
intracranial haemorrhage. The most common adverse effects
include bleeding, allergic reactions and hypotension. Antistreptokinase antibodies remain elevated for up to 7 years after
treatment, suggesting that an allergic reaction may occur with retreatment many years after the first exposure.25

Table II: Summary of available anticoagulant drugs
Anticoagulants
• heparin

• Low-molecular-weight heparins
(LMWH)

•
•
•
•

• Vitamin K antagonists

• warfarin

enoxaparin (Clexane®, Noxfibra®)
dalteparin (Fragmin®)
nadroparin (Fraxiparine®)
fondaparinux (Arixtra®)

• Non-vitamin K antagonists
▫ Direct thrombin inhibitors
(DTIs)

Alteplase (tPA) is a non-antigenic naturally occurring enzyme
produced by a number of tissues including endothelial cells. In
contrast to streptokinase, it is fibrin-specific, thereby having an
increased affinity for plasminogen and enhanced clot lysis. It has
a short distribution half-life (about four minutes) and elimination
half-life about 35 minutes. Differing from streptokinase, alteplase
results in less fibrinogen depletion and is not associated with
allergic or hypotensive effects.26 Oro-lingual angioedema is
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• Unfractionated heparins

▪ Oral direct thrombin
inhibitors

• dabigatran (Pradaxa®)

▪ Parenteral direct thrombin
inhibitors

• bivalirudin (Not available in SA)
• argatroban (Not available in SA)
• desirudin (Not available in SA)

▫ Direct factor Xa inhibitors
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•
•
•
•

rivaroxaban (Xarelto®)
apixaban (Eliquis®)
edoxaban (Not available in SA)
betrixaban (Not available in SA)
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heparins, fondaparinux, vitamin K antagonists, direct thrombin
inhibitors, direct factor Xa inhibitors, and other agents at various
stages of development.31

Unfractionated heparins
Heparin enhances the activity of antithrombin III that in return
inhibits the action of factors XII, XI, IX, X and II. Heparin treatment
in unstable angina reduces the risk of progression to myocardial
infarction and associated mortality by approximately 80%. It is
used in the treatment and prophylaxis (especially after abdominal,
orthopaedic and gynaecological surgery, or in patients with
malignancy) of deep vein thrombosis (DVT), pulmonary embolism
(PE), unstable angina, and acute non ST elevated myocardial
infarction when rapid anticoagulation is required. Monitoring of
partial thromboplastin time is essential.32 Contraindications for
heparin use include hypersensitivity and paradoxical heparininduced thrombocytopenia associated with thromboembolism.
Skin necrosis may occur at the injection site and prolonged use
has been associated with osteoporosis. Protamine sulphate is
used as a heparin antidote.33

Low-molecular-weight heparins – enoxaparin,
dalteparin, nadroparin, fondaparinux
Low-molecular-weight heparins (LMWHs) have more anti-Xa
activity and longer duration of action compared to unfractionated
heparins. These agents display superior anticoagulant
predictability, and have a lower incidence of thrombocytopenia.
Titrated correctly according to body weight, LMWH provide
effective anticoagulation and does not require regular monitoring
of the activated partial thromboplastin time. If treatment
continues for prolonged periods, regular platelet counts should be
performed to monitor for the development of thrombocytopenia.
In addition to the same indications as heparin, a combination
of LMWH and aspirin should be used instead of unfractionated
heparin to treat patients with unstable angina.34 Fondaparinux
is a synthetic pentasaccharide, chemically related to LMWH
but with no effect on thrombin (inhibiting only factor Xa) and
has a decreased risk of causing bleeding. Although bleeding
complications with LMWH are infrequently encountered, there
is no antidote available in case of an overdose, and management
remains supportive. Fortunately, however, bleeding complications
related to LMWH are infrequent.33

Vitamin K antagonist – warfarin
Warfarin is an oral anticoagulant effective in primary and secondary
prevention of venous thromboembolism and arterial embolism
in patients with atrial fibrillation or prosthetic heart valves. It
acts by inhibiting the hepatic synthesis of vitamin K dependant
coagulation factors II, VII, IX, X, and natural anticoagulant protein C
and S.35 Drug interactions, very slow onset of action (half-life about
40 hours) and inconsistent response are considerable limitations to
its use. It has a narrow therapeutic window and more variable doseresponse relationship that depends on a variety of factors. These
features necessitate the frequent monitoring of clotting times
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to optimize the therapeutic dose range and prevent bleeding.36
A wide variety of drug interactions involving multiple mechanisms
can occur with warfarin use. These include displacement from
the albumin binding sites, inhibition or induction of hepatic
cytochrome enzymes, and the interference with absorption
and metabolism of other drugs known to have antithrombotic
effects. Its effect can additionally be altered by changes in the
diet, administration of herbal supplements, the presence of
certain gastrointestinal disorders, and acute medical illness. The
level of vitamin K intake and production in the gastrointestinal
tract, as well as induction of hepatic cytochromes affect warfarin
pharmacokinetics. Genetic polymorphisms of the VKORC1
gene which is responsible of regulating the vitamin K epoxide
reductase enzyme, can result in both over- or under coagulation
on warfarin treatment, thus dose adjustment may be necessary.37
Contraindications for its use include bleeding disorders, recent
stroke, active or recent bleeding, infective endocarditis, aneurism,
severe hypertension, recent eye, brain or spinal cord surgery
and hypersensitivity reactions. The risk of bleeding should be
carefully evaluated in patients with chronic liver disease, portal
hypertension, renal disease and in geriatric and paediatric patients.
The international normalised ratio (INR target between 2.5–3.5)
should be determined at baseline, then on alternate days for 2
weeks, then weekly for 1 month, thereafter monthly for 1 year and
if stable 3 monthly. Patients experiencing difficulty in controlling
INR may benefit from direct oral anticoagulants (DOACs). However,
vitamin K antagonists remain significantly less expensive than
DOACs. Warfarin is highly teratogenic and contraindicated in
pregnancy. Low molecular weight heparins are the drug of choice
in pregnant females requiring antithrombotic therapy. Warfarin
overdose is treated with intravenous administration of vitamin
K, followed by factor IX, fresh human plasma, or packed cell
concentrate (PCC). Providing recombinant factor VIIa is reserved
for patients with life-threatening bleeding complications not
responding to conventional therapy.33

Direct oral anticoagulants/novel oral anticoagulants or
non-vitamin K antagonists
The direct oral anticoagulants (DOACs) represent the newer
class of non-vitamin K antagonists, only approved as recently as
2010. They differ significantly from vitamin K antagonists in their
onset of action, half-life, drug-drug interactions, and availability
of antidotes when excessive bleeding may occur. DOACs are
administered in the absence of monitoring of drug levels or
clotting times. These agents are contraindicated in patients
with prosthetic heart valves (due to increased risk of fatal valve
thrombosis), pregnancy and severe hepatic impairment. Dose
reduction of direct factor Xa inhibitors in patients with renal
impairment is recommended.

Direct thrombin inhibitors
Direct thrombin inhibitors (DTIs) prevent thrombin from cleaving
fibrinogen to fibrin. They bind to both soluble thrombin and fibrinbound thrombin. Unlike heparin, the direct thrombin inhibitors do
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not require a co-factor such as antithrombin to elicit their effect.
In addition, DTIs bind to platelet factor 4 (PF4), and are therefore
not able to induce or react with the anti-heparin/PF4 antibodies
responsible for causing heparin-induced thrombocytopenia
(HIT). Parenteral DTIs are effective anticoagulants for patients
with HIT. The oral direct thrombin inhibitors, or oral direct factor
Xa inhibitors, are usually administered at fixed doses without
laboratory monitoring.39

haemodialysed and be monitored by the activated clotting time
(ACT) and the activated partial thromboplastin time (aPTT), with
a target of 1.5 to 2.5 times the normal range.46 Argatroban is also a
synthetic peptide that interrelates with the active site of thrombin.
It has a short in vivo plasma half-life (terminal elimination half-life
approximately 40 to 50 minutes), and is exclusively metabolised
by the liver. Argatroban is safe for use in patients with renal
dysfunction and no dosage adjustment is required compared
to bivalirudin.47 Desiudin is a recombinant hirudin derivative
that inhibits free and clot-bound thrombin. The half-life is
approximately two hours and may be increased in patients with
renal insufficiency.48

Oral direct thrombin inhibitors – dabigatran
Dabigatran is a prodrug that requires conversion to the active
form by the liver. The maximum anticoagulant effect is achieved
within 2–3 hours after ingestion. Dabigatran has a half-life of
approximately 15 hours, and its absorption is unaffected by food.
It is metabolised by the kidney (and not by the cytochrome p450
system), resulting in an extended half-life in elderly patients, or
those with renal insufficiency. Dose reduction should be considered
in these patients. It is a substrate for P-glycoprotein, therefore
concomitant use with P-glycoprotein inducers (e.g., rifampicin)
reduces the anticoagulant effect, whereas simultaneous use with
P-glycoprotein inhibitors (e.g., ketoconazole, verapamil) may
increase the anticoagulant effect.40 Avoidance of dabigatran in
individuals with a body mass index (BMI) > 40 kg/m2, or weight
≥ 120 kg is recommended due to an increased risk of various
emboli observed with the fixed dose formulation.41 Dabigatran
is associated with a lower risk of osteoporotic fractures than
warfarin.42 It is indicated in the treatment and prophylaxis of
venous thromboembolic disease, stroke circumvention in patients
with atrial fibrillation (AF). It should be avoided during pregnancy,
or patients with prosthetic heart valves. Laboratory testing prior to
initiating dabigatran should include platelet count, prothrombin
time (PT), activated partial thromboplastin time (aPTT), and
serum creatinine measurement. Routine laboratory monitoring
of coagulation times is not required.43 Premature discontinuation
of dabigatran has been associated with an increased risk of
intracranial haemorrhage, gastrointestinal bleeding and nonbleeding gastrointestinal events (dyspepsia, gastrointestinal
reflux) and other thrombotic events.44 Idarucizumab (not
registered in South Africa) is the only anticoagulant reversal agent
for dabigatran.45

Direct factor Xa inhibitors – rivaroxaban, apixaban,
edoxaban, betrixaban
Rivaroxaban and apixaban are the only direct factor Xa inhibitors
available in South Africa. These agents block the action of
both the circulating and clot-bound forms of factor Xa. This
mechanism is unlike the indirect factor Xa inhibitors (heparin and
fondaparinux) which are only able to inactivate circulating factor
Xa via antithrombin.49 Clinical indications for direct factor Xa
inhibitors include venous thromboembolism (VTE) prophylaxis in
hip and knee replacement surgery (apixaban & rivaroxaban), VTE
treatment – individuals with or without cancer (only Rivaroxaban),
stroke and systemic embolism prevention in non-valvular atrial
fibrillation (NVAF) (apixaban and rivaroxaban). These drugs have
half-lives between 5 and 9 hours, and display drug interactions
with dual inhibitors of CYP3A4 and P-glycoprotein such as
ketoconazole.50
Direct factor Xa inhibitors should be used with caution in patients
with creatinine clearance < 30 to 15 ml/min since impaired
glomerular filtration will inhibit renal elimination, resulting in an
increase in drug exposure. Similarly, drug accumulation could
be present in patients with severe hepatic impairment and dose
adjustments should be considered in liver diseases. These agents
should be avoided during pregnancy. Dabigatran edoxaban or
betrixaban should also be avoided in patients with a body mass
index (BMI) > 40 kg/m2. Rivaroxaban and apixaban are appropriate
anticoagulant options regardless of high BMI.51 Routine monitoring
of coagulation times is not required.52 A recombinant modified
factor Xa protein (andexanet alfa), has recently been approved
by the FDA as a reversal agent for rivaroxaban and apixaban in
patients with life-threatening, or uncontrolled bleeding.53 This
agent is not yet available in South Africa.

Parenteral direct thrombin inhibitors – bivalirudin,
argatroban, desirudin
None of these agents is currently available in South Africa. They have
limited use and are currently only indicated for heparin-induced
thrombocytopenia and percutaneous coronary interventions.
Bivalirudin is a synthetic amino acid peptide that binds to the
thrombin catalytic site reversibly inhibiting thrombin enzymatic
activity. Intravenous administration produces an immediate
anticoagulant effect. The drug is primarily metabolised by the liver
and the kidney. However, patients with renal failure do not require
dosage adjustment. The half-life of bivalirudin is approximately
25 minutes and prolonged coagulation times return to normal
approximately one hour after discontinuation. Bivalirudin can be
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Conclusion
Although antithrombotic drugs are widely used for the prevention
and treatment of arterial and venous thrombosis, thromboembolic
diseases are still a major cause of death and disability worldwide.
Anticoagulants and antiplatelet drugs are key therapeutic agents
in the treatment of cardiovascular diseases. Given different
mechanisms of action, combining these agents holds the
potential for additive and perhaps even synergistic reductions in
thromboembolic morbidity and mortality. Family physicians and

18
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health care professionals have an important role to play in the
prevention, treatment and risk reduction of thrombosis, including
provision of accurate, up-to-date information to their patients. In
addition to pharmacological management, every effort should be
made to encourage patients to make healthy lifestyle choices with
regards to factors such as smoking, obesity, exercise and their diet.
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