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New Aspects of the Blood Coagulation Cascade, Anticoagulants and Vein
Thrombosis in Asia
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Abstract
Purpose: This review describes recent views on blood coagulation and abnormalities of its physiological control that predispose to

thrombosis, suggests that venous thrombosis and pulmonary embolism are more prevalent in Asia than was previously thought, and
examines recent trials of novel anticoagulants for thrombosis prevention. Sources: ‘Medline’ was used to search for publications in English
or with English language abstracts. Content and Conclusions: The study of blood coagulation is basic to understanding clotting and bleeding
disorders, their prevention and treatment. Tissue factor, factor Xa, and thrombin are pivotal; together with physiological controls (positive
and negative feedback loops, and natural anticoagulants) that first enhance thrombin generation but then preserve vessel patency by limiting
haemostatic plug formation to areas of injury. Abnormalities in these mechanisms can increase thrombosis risk (thrombophilia). The
traditional impression that venous thromboembolism is rare in Asia has been reinforced by the rarity of thrombophilic genetic
polymorphisms outside of European populations. Nevertheless, there is increasing evidence for an increasing prevalence of symptomatic
vein thrombosis and pulmonary embolism in Asia, and that thrombosis rates in ‘high risk’ clinical settings among elderly patients (as after
major joint surgery or a stroke) now approach levels reported from the West. This indicates the need for greater clinical awareness of these
conditions. Drugs now used routinely for thrombosis prevention in the West (especially low molecular weight heparins) are effective and
relatively safe. New anticoagulants were even more effective in recent trials. There is urgent need for studies in Asia that define the locally
relevant benefits and hazards of the increasing range of agents now available.
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Haemostasis and its Control Mechanisms

Injury to blood vessels triggers haemostasis, a process
that has evolved to achieve two superficially incompatible
outcomes: arresting blood loss while protecting vessel
patency and blood flow to distal organs. Contributors
to haemostasis include subendothelial tissues and
endothelial cells, blood platelets, tissue factor, plasma
clotting factors and their physiological inhibitors, and
fibrinolytic enzymes.

Almost all bleeding disorders are caused by deficiency or
dysfunction, inherited or acquired, of blood clotting factors
or platelets. Inherited disorders are uncommon but require
life-long care. Their study has led to detailed understanding
of the genetics, amino acid sequence, tertiary structure, and
function of the plasma blood clotting factors1: well-known
examples include the haemophilias (caused by factor VIII

or factor IX deficiency) and von Willebrand’s disease. Two
rare inherited platelet function disorders (Bernard-Soulier
disease and Thrombasthenia) triggered research that defined
platelet surface receptors responsible for binding collagen,
fibrinogen, and von Willebrand factor during platelet
adhesion and activation (GPIb/IX/V, GPIIb/IIIa and others).
Acquired defects caused by liver failure, vitamin K
deficiency, septic shock, obstetric complications or
disseminated cancer are however, far more frequent and
are therefore more important to the generalist.

A classic model of the blood clotting cascade gave equal
importance to an ‘intrinsic’ pathway triggered by exposing
‘contact factors’ (XII and XI) to negatively charged
subendothelial surfaces and an ‘extrinsic’ pathway initiated
by tissue factor, where each converged on factor X
(Fig. 1a). The presently favoured model (Fig. 1b) emphasises
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cells and cell surface-associated processes and the dominant
influence of tissue factor.

Initiating Haemostasis

Platelets

Following vessel injury, platelets adhere to exposed
subendothelial tissues, become stimulated, and undergo
release and aggregation. Platelet activating stimuli include
adherence, trace amounts of thrombin, platelet metabolites
(thromboxane A2), and released platelet products
(adenosine diphosphate, serotonin).

Cells, Tissue Factor and Blood Coagulation

Tissue factor is a glycoprotein tightly associated with
phospholipid within the membrane of cells in the vessel
adventitia that become exposed to flowing blood only after
vessel injury strips away their protecting layer of
endothelium.1 It can also be induced in vascular endothelial
cells and blood monocytes by endotoxin and other
stimulants.1 The complex of tissue factor with factor VII/
VIIa can initiate blood coagulation by activating factor X
directly or indirectly, after converting factor IX to factor
IXa. These and other linked interactions that convert
previously inactive plasma proteins (pro-enzymes) to active
enzymes (activated clotting factors) require cofactors (blood
clotting factors V and VIII), ionised calcium, and an active
phospholipid surface provided by activated platelets (Fig.
1b). In the end, prothrombin is converted to thrombin,
soluble fibrinogen becomes insoluble fibrin, and a fibrin
network enmeshes platelet aggregates with red blood cells
and white blood cells to form a haemostatic plug that seals
the area of blood vessel injury.

Control Mechanisms

These ensure the haemostatic system remains inactive at
rest but responds quickly to vessel injury, and that
haemostatic plugs do not progress to vessel occlusion but
are restricted to areas of injury. Control is applied through
positive and negative feedback loops that modulate the rate
and duration of thrombin generation, by mechanisms that
neutralise activated blood clotting factors, and by
thrombolysis. The components include natural
anticoagulants (protein C, protein S and antithrombin) and
protective elements of the endothelial cell surface.
Deficiency or dysfunction of control mechanisms may
predispose to thrombosis (thrombophilia).

Positive Feedback Loops

Trace amounts of activated clotting factor X (factor Xa)
and thrombin (factor IIa) greatly accelerate further thrombin
generation by converting factor VII to VIIa (either free or
bound to tissue factor) and through proteolytic activation
of two large cofactors (factor VIII to VIIIa and factor V to
Va) (Fig. 2). Thrombin also triggers further platelet
activation, release and aggregation.

Negative Feedback Loops and the Endothelium

The most important negative feedback mechanism
involves thrombomodulin (an endothelial cell surface
receptor), thrombin, and two vitamin K dependent plasma
proteins: protein C and protein S (Fig. 3).2 Complex
formation between thrombin and thrombomodulin has
two outcomes3: thrombin becomes inactive towards
platelets or fibrinogen, and the thrombin-thrombomodulin
complex rapidly activates protein C to generate an enzyme

Fig. 1a. The classical description of distinct ‘Intrinsic’ contact activated and ‘Extrinsic’
tissue factor initiated clotting pathways, both of which converge at factor Xa.

Fig. 1b. The presently favoured model where the tissue factor - factor VIIa complex
activates factor X directly or by converting factor IX to IXa, and where ‘Intrinsic’ contact
activation is considered to be relatively unimportant.
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(activated protein C) which requires protein S as its cofactor
to cleave susceptible sites on factor VIIIa and factor Va and
curtail further generation of factors Xa and IIa.

Blood Clotting Factor Inhibition and Endothelial Cells

Antithrombin (previously called antithrombin III), a
circulating general purpose serine protease inhibitor with
a molecular weight of 58 kilodalton and plasma
concentration of about 140 µg/mL, forms covalent
complexes with clotting factors XIa, IXa, Xa and IIa (all
are enzymes from the serine protease family) that are
inactive and cleared by the liver. Complex formation is
greatly accelerated by heparan sulphates on the endothelial
cell surface. These heavily sulphated heparin-like
polysaccharide chains induce a conformational change in
antithrombin that greatly increases its affinity for serine
proteases.4

Other Endothelial Cell Defenses

Endothelial cells have at least two other defences to
restrict extension of haemostatic plugs onto undamaged
areas of vessel wall. Stimuli that cause platelets to generate
and release thromboxane A

2
 (a powerful vasoconstrictor

and platelet pro-aggregant) also cause endothelial cells to
generate prostacyclin (another prostaglandin derivative
that is a powerful vasodilator and anti-aggregant). And
local hypoxia from overlying thrombus deposition causes
endothelial cells to release tissue plasminogen activator
and initiate physiological fibrinolysis.

Inherited Abnormalities of Control Mechanisms

Important inherited abnormalities include deficiency or
dysfunction of antithrombin, protein C, and protein S—all
of which have a worldwide distribution and are associated
with familial venous thrombosis and pulmonary embolism,
idiopathic or recurrent venous thromboembolism at an
early age, and vein thrombosis in unusual locations
(mesenteric, axillary, cerebral). These deficiencies and
polymorphisms (with rarely reported exceptions) do not
predispose to artery occlusion.5 Inheritance is autosomal
recessive for protein C and dominant for protein S and
antithrombin abnormalities.6

Two thrombogenic genetic polymorphisms that affect
factor V and factor II are common in European and related
populations but are rare or absent elsewhere.6 In factor V
Leiden, a point mutation (G1691A) found in 4% to 7% of
Europeans substitutes Arg506 for Gln at the cleavage site
for activated protein C. Thrombin generation is greater and
lasts longer than usual because the abnormal factor V
resists degradation by activated protein C (APC resistance).
A prothrombin mutation (G20210A) affects 1% to 3% of
European populations and causes a roughly 20% increase
in the circulating level of plasma prothrombin. These
polymorphisms are weak predispositions for venous
thromboembolism when they act alone but gain importance
when other risk factors are co-inherited or superimposed
(including treatment with oestrogen-containing oral
contraceptives).7 Their prevalence can reach 30% to 60%
in Europeans with otherwise idiopathic or recurrent venous
thrombosis.

Fig. 2. Positive feedback loops where factor Xa and trace amounts of thrombin greatly
increase the capacity for further thrombin generation. Dotted arrows indicate the
activation pathways.

Fig. 3. Natural anticoagulants and haemostasis. Complex formation between thrombin
and thrombomodulin, an endothelial cell surface protein, neutralises thrombin and
activates protein C. Activated protein C (with protein S as cofactor) proteolytically
degrades factors Va and VIIIa to reduce thrombin generation. The endothelial cell
surface (coarse dotted line) also carries heparan sulphate, a heparin-like material that
greatly accelerates factor Xa and thrombin inhibition by plasma antithrombin.
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Other Thrombophilias
Hyperhomocysteinaemia – or elevated levels of

homocysteine, an endothelial poison – is increasingly
recognised as risk factor for both venous and artery
thrombosis.8,9 Hyperhomocysteinaemia can result from
various genetic disorders which affect the trans-sulphuration
or remethylation pathways of homocysteine metabolism
e.g. cystathione beta synthase deficiency, methylene-tetra-
hydrofolate reductase (MTHFR) deficiency and a
thermolabile variant of MTHFR. Acquired causes of
hyperhomocysteinaemia include folate or vitamin B12
deficiency, renal failure, hypothyroidism and drugs such as
methotrexate and phenytoin.

Antiphospholipid antibodies (anticardiolipin antibody
and the ‘lupus anticoagulant’) are associated with an
increased risk of venous or artery occlusion in systemic
lupus erythematosus, and the antiphospholipid antibody
syndrome.

Case control studies suggest that several other blood
coagulation changes are also associated with an increased
risk of developing venous thromboembolism. These include
sustained elevation of factor VIII or IX coagulant activity,10,11

factor XI antigen12 and the thrombin activable fibrinolysis
inhibitor (TAFI).13 The clinical utility of these observations
remains uncertain.

The present recommendation is to restrict screening for
thrombophilia to young people with unprovoked or recurrent
venous thromboembolism, or when there is vein thrombosis
in unusual territories (mesenteric or cerebral).

Thrombophilias and Adverse Pregnancy Outcomes
The association between adverse pregnancy outcomes

and the presence of lupus and the lupus anticoagulant is
well recognised. There has also been much interest of late
in observations that pregnancy loss (especially repeated
pregnancy loss) and other adverse pregnancy outcomes
may be associated with a high prevalence of inherited
thrombophilia (including hyperhomocysteinaemia,
activated protein C resistance, factor V or prothrombin
mutation, protein C or S, and antithrombin deficiency) and
may be preventable with anticoagulant prophylaxis. Studies
to date have been relatively small and of highly selected
patient populations. Systematic reviews indicate it is too
early to judge the contribution of thrombophilia to adverse
outcomes, and that routine screening for thrombophilias in
pregnancy is not indicated.14-17 Large recent case control
studies from Scotland and Canada have found no evidence
of an excess pregnancy risk attached to factor V,
prothrombin or methyltetrahydrofolate reductase poly-
morphisms in mothers or their newborn.18,19

Thrombosis in Asia
The annual community prevalence of symptomatic deep

venous thrombosis and/or pulmonary embolism is about 1
to 2 per thousand in Europe and North America. It is
probably less among emigrant Asian populations, since
hospital discharge information from California suggests
that people registered with Asian or Pacific Island ethnicity
have an annual incidence of venous thromboembolism that
is about 20% to 25% of that recorded among ‘whites’ or
African Americans.20,21 Differences may be due to lifestyle
and genetic predisposition, including the low prevalence of
inherited thrombogenic polymorphisms outside people of
European stock.22 The extremely low prevalence of factor
V Leiden and the G20210A prothrombin mutation in
Chinese and other Asian ethnic populations23-25 has
contributed to the relative neglect of venous thrombo-
embolism in Asia.

There is a long-standing belief that venous
thromboembolism in Asia is extremely rare and clinically
insignificant, but recent surveys suggest that this may not
now be true and that in Asia the incidence of venous
thrombosis and pulmonary embolism in some ‘high risk’
clinical settings is increasing and may approach that seen
in the West. If this is so, then there is a need in Asia for an
increased diagnostic sensitivity to venous thrombosis and
pulmonary embolism and to consider formal studies of risk
factors and prevention in Asian populations. There is a
suspicion that predisposing factors may differ in Asia and
the West. For instance, there appears to be a higher
prevalence of inherited antithrombin, protein C and protein
S deficiency among Chinese patients presenting in Hong
Kong or Taiwan with venous thromboembolism.23,26

The true incidence of venous thromboembolism in Asian
populations remains unknown. There is, however, a growing
body of evidence from autopsy studies, audits of admission
diagnoses to major referral hospitals in large cities, and
prospective screening for subclinical deep vein thrombosis
in ‘high risk’ settings like major joint surgery or stroke.

Autopsy Studies

Pulmonary embolism was unusual and fatal embolism
was rare among adult coroner’s autopsies done in Singapore
between 1952 and 1966 (1.6 per 1000 necropsies),27 but
prevalence had increased to 1.05% by 1989 to 1993.28

Autopsy reports from Queen Mary Hospital in Hong Kong
that span 30 years strongly suggest a rising prevalence of
embolism which now approaches – at least in this urban
Chinese population – the levels reported from Europe and
North America (Table I). Comparison of autopsy data from
Hong Kong and Wales during 1990 to 1994 suggests the
prevalence of massive pulmonary embolism is not
significantly lower in Hong Kong.29 Even the earliest
(1964 to 1974) Hong Kong report found small emboli in
27% of lungs that were systematically searched after
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patients with objectively confirmed diagnoses. Even so, it
remains considerably lower than the 0.9% of hospital
admissions reported from Worcester, Massachusetts.40 A
rising prevalence of venous thromboembolism in Asia may
be due to an ageing population, increasing numbers of
patients having surgical procedures at an older age, and
more intensive treatment for malignancy.

Several surveys of symptomatic and confirmed venous
thromboembolism suggest that patients who would be
considered to be at ‘high risk’ in the West are also at risk
in Asia. Almost 2:1000 pregnancies and deliveries in
Chinese women from Hong Kong were complicated by
venous thrombosis or pulmonary embolism, mostly
postpartum and after caesarean section.41 High rates of
symptomatic thromboembolism in the absence of
prophylaxis were reported after colorectal surgery in
Singaporean Chinese (11.4% after rectal surgery and 4.7%
after surgery for malignancy),42 hip replacement in
Kuala Lumpur (0.9%)43 and surgery for oesophageal cancer
in Japan.44

This impression from clinical surveys that thrombosis is
not truly infrequent in Asia is confirmed by prospective
studies where patients not given thrombosis prophylaxis
were screened with sensitive diagnostic tests for subclinical
deep leg vein thrombosis (Table II). Reports vary and
comparisons with Western studies are only approximate,
since results may be affected by interpretation of diagnostic
screening test results - although study methodology was
otherwise similar. Thrombosis rates observed in Asia after
abdominal or gynaecological surgery, and after ischaemic
stroke, tend to be lower than those observed in the West.
Asian thrombosis rates after knee replacement or hip
fracture, on the other hand, are very high and in the same
range as elsewhere. Hip replacement in Korea and Japan
was followed by thrombosis rates of 15% to 25% that are
high but somewhat lower than the rates of 50% to 60%
reported from Europe and North America.

Surveys from Asia therefore suggest that routine
thrombosis prophylaxis is probably indicated after major
joint surgery, but that further studies in Asia are needed to
define the need for prophylaxis in other medical and
surgical settings. In addition, since average body weight
tends to differ between Western and many Asian
populations, there is a need for Asian studies about the
safety of anticoagulant dosing regimens.

New Antithrombotic Drugs and Haemostasis

The observations on thrombosis rates make it relevant to
consider the mechanisms of action and clinical role of old
and newer antithrombotic drugs used for thrombosis
prevention and treatment.

Two major groups of anticoagulants are now in general

TABLE I: THE PREVALENCE OF PULMONARY EMBOLISM AT
AUTOPSY DURING 30 YEARS IN HONG KONG

Reference Years Autopsies Autopsy rate PE at
autopsy (%)

Chan (1980)30 1964-76 3876 25% 0.75%

Chau (1991)33 1975-79 3777 36% 1.08%
1980-84 3392 30% 1.83%
1985-89 3179 27% 2.8%

Chau (1997)31 1990-94 2348 21% 4.7%

PE: pulmonary embolism

optimal lung and vessel fixation.30 The most recent series
find that embolism is strongly age-dependent, as in Western
reports.28,31 Also as in the West, pulmonary embolism
found at autopsy was frequently misdiagnosed during
life.32 The causes of a rising prevalence of pulmonary
embolism in urban Chinese may include an ageing
population, changing life-styles and increasing surgical
and medical interventions for the diseases of older age.
Table I suggests that an apparent rarity of venous
thromboembolism in many clinical reports from Asia may
be due in large part to lack of diagnostic suspicion and
under-diagnosis.

Clinically Diagnosed Venous Thromboembolism in
Reports from Asia

The clinical presentation of deep leg vein thrombosis in
Asia appears to be similar to that described elsewhere –
with leg pain and swelling the predominant complaints.
The same is true for pulmonary embolism.34 A significant
minority of patients with thrombosis (roughly 25%?) has
no apparent predisposition.35

The true incidence of deep vein thrombosis in Asian
populations remains uncertain, but there is suggestive
evidence of a rising prevalence. A 1988 paper from Hong
Kong reported 2.7 cases per 10,000 admissions to hospital,36

similar to the admission rate in 1990 from Kuala Lumpur
(2.8 per 10,000 hospital admissions).37 A 1992 report from
Singapore indicated a prevalence of 7.9 per 10,000
admissions to the National University Hospital (although
about half of these cases were identified on clinical grounds
alone and only half had confirmatory tests).38 A recent
report from Singapore General Hospital identified 388
cases of symptomatic deep vein thrombosis (332 acute and
63 previous, all confirmed by ultrasound imaging) admitted
between 1996 and 1997. Almost 10% also had symptoms
and confirmation of pulmonary embolism.39 The observed
prevalence of 15.8 per 10,000 admissions for acute deep
vein thrombosis is much higher than was previously
reported, and represents a minimum since it records only
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use: one includes heparin and the low molecular weight
heparins – both given by injection; the other consists of the
oral vitamin K antagonists (warfarin and its analogues).
Newer anticoagulants have earned a limited clinical niche
but may become more widely accepted. These include a
synthetic heparin pentasaccharide with anti-factor Xa but
no antithrombin activity (fondaparinux), several direct and
specific antithrombins (hirudin and its analogues,
melagatran, ximelagatran, argatroban), and a factor VIIa
inhibitor (NAPc-2). There is, in addition, a range of novel
anti-platelet and thrombolytic drugs.

Heparin, the Low Molecular Weight Heparins, and
Fondaparinux (A Synthetic Heparin Pentasaccharide)

To understand how the anticoagulant effects of these
drugs differ requires a discussion of interactions between
heparin, plasma antithrombin, and the activated blood
clotting factors (especially Xa and IIa).

Standard (unfractionated) heparin consists of heavily
sulphated polysaccharide chains that vary in length,
molecular weight (about 3000 to 15,000, averaging 15,000
Da), affinity for antithrombin and anticoagulant effect.4 An
arginine-reactive site in antithrombin binds and blocks the
active centre of serine protease clotting factors, especially
IIa and Xa. This process is much accelerated when a
specific pentasaccharide sequence in heparin becomes

attached to a lysine residue on antithrombin,63 and induces
conformational change in antithrombin that greatly
accelerates factor Xa inactivation.64-66 About 1/

3
 of heparin

chains contain the specific antithrombin binding sequence
and enhance anti-Xa activity, regardless of their chain
length, but not all heparin chains also accelerate anti-IIa
activity. To express anti-thrombin activity, heparin chains
must be more than 15 or 16 saccharide units in length (this
corresponds to a MW of at least 5000 to 6000 Da) and
contain a second domain that electrostatically attracts
thrombin until it collides with the reactive site of AT.64

Unfractionated heparin is standardised to have
approximately equal amounts of anti-Xa and anti-IIa
activity.

The low molecular weight heparins are derived from
standard heparin by chemical or enzymatic cleavage
followed by fractionation, to yield shorter chain lengths
with a MW of 1000 to 10,000 Da (averaging 4000 to 6000
Da). Anti-Xa activity predominates but all low molecular
weight heparins retain some longer heparin chains with
anti-IIa activity. Subcutaneously, injected low molecular
weight heparins have excellent bioavailability, a longer
circulating half-life and a much more predictable
anticoagulant effect and dose response than standard
heparin. This makes them much easier to use than standard
heparin, which is normally given by intravenous infusion

TABLE II: REPORTS FROM ASIA OF DEEP LEG VEIN THROMBOSIS PREVALENCE AFTER MAJOR ORTHOPAEDIC OR GENERAL SURGERY
OR AFTER A STROKE, WITHOUT THROMBOSIS PROPHYLAXIS, WHEN PATIENTS WERE SCREENED FOR SUBCLINICAL
THROMBOSIS USING ROUTINE VENOGRAPHY, ULTRASOUND IMAGING OR 125I-FIBRINOGEN LEG SCANNING. THE
RESULTS REPORTED FROM WESTERN SURVEYS ARE DERIVED FROM A RECENT OVERVIEW BY GEERTS ET AL, 200145

Condition Country Screening DVT Reference % DVT in the West (mean and
95% confidence interval)

Hip replacement Korea Venography 8/50 (16%) Yoo et al, 199746 54 (50-58)% (venography)
Korea Venography 10/50 (20%) Kim et al, 199847

Japan Venography 37/164 (23%) Fujita et al 200048

Mixed joint surgery Malaysia Venography 55/88 (62.5%) Dhillon et al 199649

Knee replacement Japan Venography 67/138 (49%) Fujita et al 200048 64 (57-71)% (venography)
Taiwan Venography 68/107 (64%) Wang et al 200050

Singapore Ultrasound 14/100 (14%) Ruban et al 200051

Hip fracture Hong Kong Venography 28/53 (53%) Mok et al 197952 48 (43-53)% (venography)
Hong Kong Ultrasound 29/78 (37%) Kew et al 199953

Spinal surgery Korea Ultrasound 4/313 (1.3%) Lee et al 200054 Approximately 3% (ultrasound)

Major general Malaysia Leg scan 5/68 (12%) Cunningham et al 197455 25 (24-27)% (leg scan)
abdominal surgery Hong Kong Leg scan 4/150 (2.6%) Nandi et al 198056

Hong Kong Ultrasound 20/48 (42%) Lee et al 200157

Japan Leg scan 49/256 (15%) Inada et al 198358

Singapore Ultrasound 5/169 (3%) Ho et al 199959

Major gynaecological Thailand Leg scan 4/117 (2.4%) Chumnijakarij et al 197560 16 (14-19)% (leg scan)
surgery Hong Kong Leg scan 4/154 (2.6%) Tso et al 198061

Stroke Hong Kong Leg scan 6/35 (17%) Tso 198062 55 (49-60)% (leg scan)

DVT: deep vein thrombosis
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in a dose that is adjusted to prolong a laboratory test like the
plasma activated partial thromboplastin time (APTT) into
its ‘therapeutic range’. Low molecular weight heparins do
not stimulate platelets and are less likely than standard
heparin to provoke antibody mediated ‘heparin-induced
thrombocytopenia’ (HIT).66 Randomised trials show that
low molecular weight heparins are effective and safe for
the routine prevention and treatment of venous thrombosis
and in some cardiac indications, where they are
progressively replacing unfractionated heparin in routine
clinical use.

The synthetic pentasaccharide, fondaparinux, is the
methyl glycoside analogue of the antithrombin-binding
sequence in heparin, with MW 1728 Da and selective anti-
Xa activity that circulates in man with a half-life of about
18 hours. By greatly increasing the rate of factor-Xa
inhibition by antithrombin, fondaparinux causes dose
dependent decrease of thrombin generation in platelet-
poor or platelet-rich plasma.67,68 It has no anti-IIa activity
except at extreme concentrations,69 does not prolong the
prothrombin time, and has little effect on the activated
partial thromboplastin time. Fondaparinux does not interact
with platelets or cross-react with anti-platelet antibodies
from patients with HIT.69-73 Other, as yet less well evaluated,
synthetic heparin analogues with clinically interesting
properties include SANORG 34006 (its anti-Xa activity
has a very long circulating half-life of 62 hours in baboons74)
and Org 36764 (where an extra carbohydrate domain adds
anti-IIa to anti-Xa activity64,75).

Direct Thrombin Inhibitors

Thrombin (α-thrombin) cleaves fibrinopeptides A and B
from fibrinogen to yield fibrin monomers that are cross-
linked by factor XIIIa (itself activated by thrombin) to form
insoluble fibrin. As well as the active site for substrates like
fibrinogen, factors VIII and V, and protein C, thrombin
carries binding sites that determine its specificity for
fibrinogen (exosite I), heparin or thrombomodulin (exosite
II), and factors VIII and V (exosites I and II).76

The first clinically evaluated direct thrombin inhibitor
was a recombinant form of hirudin – an anticoagulant from
the medicinal leech that blocks both the active site and
exosite I. More recently developed direct antithrombins
include hirudin analogues like bivalirudin (which blocks
only the exosite I), and small active site inhibitor molecules
like argatroban and melagatran. Melagatran is of special
interest since the development of an oral pro-drug
(ximelagatran or H376/95) that is predictably absorbed
from the gut and is then converted to the active material,
melagatran.77

Other Novel Anticoagulants

These include natural anticoagulants (e.g. activated

protein C), NAPc2 (derived from a small protein originally
isolated from a tapeworm) that inhibits factor VIIa within
the VIIa/tissue factor complex, and direct factor Xa
inhibitors.

Recently Introduced Antiplatelet Drugs

Newer antiplatelet drugs that have undergone extensive
clinical evaluation include inhibitors of the platelet surface
ADP receptor (ticlopidine and clopidogrel), and a series of
glycoprotein IIb/IIIa inhibitors – starting with the humanised
chimeric monoclonal antibody Abciximab and now
including eptifibatide and tirofiban. These have value in
peripheral vascular disease (clopidogrel), in acute coronary
syndromes, and after coronary artery interventions
(glycoprotein IIb/IIIa inhibitors).78

Preventing and Treating Venous Thromboembolism
(Are the Newer Anticoagulants Any Better?)

The high thrombosis rates still observed after major joint
surgery (hip or knee replacement and hip fracture) despite
prophylaxis are a challenge to the development of new
methods of thrombosis prevention that are effective and
affordable but do not provoke excessive wound bleeding.

Recent trials suggest that newer drugs can safely reduce
thrombosis rates after orthopaedic surgery to levels that are
significantly below those achieved with low molecular
weight heparins, the present practice standard (Table III).

Both the direct thrombin inhibitor hirudin and the selective
anti-factor Xa inhibitor fondaparinux have achieved
significantly lower postoperative thrombosis rates after
hip replacement than a low molecular weight heparin
(enoxaparin). Fondaparinux was also more effective in
people with hip fracture, or having a knee replacement
(Table III). Surgical bleeding was not, apparently, a
clinically important issue with hirudin or fondaparinux.
The hirudin trials found no more bleeding than with standard
low dose heparin or low molecular weight heparin
prophylaxis. Results pooled from the four fondaparinux
trials85 show that more people treated with fondaparinux
had a bleeding index of 2 or greater after surgery (the
‘bleeding index’ is the postoperative fall in haemoglobin
corrected for blood transfused) but there was minimal or no
increase in wound bleeding that required a reoperation
(Table IV).

An observation from the fondaparinux trials that is of
great clinical interest relates to the time relative to surgery
when anticoagulant prophylaxis is safest and most effective.
Fondaparinux in these studies was started 4 to 8 hours
(average 6 hours) after wound closure. Post-hoc analysis of
the pooled trial data finds the bleeding index was increased
only when the first fondaparinux dose was given sooner
than 6 hours after wound closure. There was no increase in
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bleeding index when the drug was started 6 to 8 hours after
surgery, and no loss of prophylactic effectiveness. It is
likely therefore, that strict attention to timing can avoid any
small excess of bleeding risk attached to this drug regimen.

Efficacy, Safety and the Timing of Anticoagulant Pro-
phylaxis Around the Time of Surgery

Until now, it was uncertain if a preoperative dose was
needed to achieve an optimal outcome from surgical
thrombosis prophylaxis. Two recent meta-analyses suggest
that in hip surgery, efficacy is preserved when low molecular
weight heparin prophylaxis is begun soon after surgery and
the preoperative dose is omitted, but that low molecular
weight heparin started just before or soon after surgery
carries an increased bleeding risk.86,87 These conclusions
are consistent with observations from the fondaparinux
trials that suggest it is effective and safe to start prophylaxis
after major joint surgery. Omitting the preoperative dose
would greatly increase the confidence of surgeons and
anaesthetists that surgical anticoagulant prophylaxis is
safe. There is no data, however, on whether it is effective
to abandon a preoperative dose of prophylactic low dose
standard (unfractionated) heparin in general surgery.

What Do New Anticoagulants Tell Us About the Co-
agulation Cascade?

It appears that either selective thrombin inhibition (with
hirudin) or selective factor Xa inhibition (with
fondaparinux) can safely prevent venous thrombosis after
high risk surgery. Phase III trials with results available later
this year will tell if selective factor Xa inhibition after deep
vein thrombosis and pulmonary embolism can also prevent
the propagation of established thrombosis. If so, then that
will reinforce the understanding that thrombus propagation
relies very much on the recruitment of further thrombin
generated through the positive feedback loops that can be
interrupted by factor Xa inhibition.
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