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CHAPTER |
INHERITED AND ACQUIRED RISK FACTORS FOR VENOUS
THROMBOEMBOLISM

1.1 SUMMARY

1.1.1 Venous thromboembolism {VTE) remains an important cause of morbidity and
mortality, with well-recognised inherited and acquired risk factors. Women are
particularly at risk of this eondition because of pregnancy, the use of combined oral
contraceptive pilis, and hormone replacement therapy. A number of long-term sequelae
may occur following an episode of VTE in women, such as development of the post-
thrombotic syndrome, restriction of future contraceptive choice, bleeding events refated
to anticoagulants, and recurrence of thrombasis. Tn recent years there has been a
marked increase 1n our understanding ol genetic risk factors important for the
development of VTE, a.n_d of their interaction with acquired risks. In particular, the
description of the factor V Leiden and {more recently) prothrombin 20210A mutations
have highlighted common genetic variations that are associated with a modest
increased risk of thromboembolism. These genetic mutations may also be associated
with other conditions that are associated with coagulation activation, such as
preeclampsia. Thrombophilia is a rapidly expanding and complex field, and

undoubtedly new abnormalities will be described within the next few years.




L2 INTRODUCTION

1.2.1 Venous Thromboembolism (VTE) is a common condition, particulatly in women
where pregnancy, the combined oral contraceptive pill (COCP) and bormone
repiacement therapy (HRT) are recognised risk factors. In particular, recent publicity
surrounding the risk of VTE in users of third generation combined oral contraceptives
(1-3) and users of HRT (4-7), together with an increased number of deaths from
pulmonary embolism during pregnancy (8), has rendered this an important area of

research.

1.2.2 It has been reporied that between the ages of 13-39, women have a five-fold
higher risk of experiencing an episode of VTE compared with artenial thrombosis (9).
Women aged 15-24 years have a reported annual incidence of VIE of 0.2 per 1000,
between the ages of 25-39 years, this rises to 0.4 per 1000 per year; and between 40-54
years to 0.74 per 1000 per year (9). These figures compare with annual incidences of
aculc myocardial infarction in women of (for the same age categories) 0.007, 0.19 and

1.76 (9).

1.2.3 VTE is associated not only with mortality from pulmonary embolism, but also
significant morbidity, including complications of therapy for V'L, recurrence of
thrombosis, development of the post-thrombotic syndrome, and reproductive issues
(pregnancy, restriction of [uture contraceptive choice). Anticoagulants arc associated
with several potential risks. Bleeding events are increased in patients on heparin and
those on warlarin. 1'he incidence of major bleeding events in those prescribed warfarin
is estimated at around 2% per year (10,11). The incidence of fatal bleeding cvenis

appears less than 1% per year (10,11). Prolonged heparin therapy is also associated




with the development of osteoporosis, which appears to occur commonly, aithough
clinical fractures appear uncominon (<5%) (12-15). Heparin-induced
fhrombocytopacnia is a serious condition, paradoxically associated with venous and / or
arterial thrombosis (16). It is an uncommon complication of heparin therapy that relates

to the development ol antibodies to the heparin-platelet factor 4 complex (16,17).

1.2.4 Young women who suffer an episode of VTE have many years to develop the
post-thrombotic syndrome (PTS). This syndrome consists of continuing or developing
symptoms and signs in the previously thrombosed leg, such as pain, swelling,
discoloration, varicose veins, eczema, and ulceration. Tt is likely to relate to venous
valvular damage with resultant venous hypertension following the episcede of
thrombosis, and appears to increase in incidence as time from thrombotic event
increases (18). {'ublished data on the prevalence of I’I'S in unselected groups of patients
with previous VTE suggest it is a common clinical problem (19-21). Howeves, there

are few data on the prevalence of this condition in young women.

1.2.5 Therc atc no data to assess the possible influence of'a previous episode of VTE on
future contraceptive choice, the decision to have future preguancies, or access (o
hormone replacement therapy. Most family planning physicians would advise against
the use of combined oral contraceptives in women with a history of VTE, since these
preparations arc associated with an increased risk of VTE (1-3,22). Some women may
opt for less reliable forms of contraception with the risk of unplanned pregnancies,
which 1 turnt arc associated with an increased thrombotic risk. Others may decide that
they do not wish to risk recurrence of VI'E through luture pregnancy, and choose

sterilisation, or vasectomy tn their parinet. In the longer term, women with a previous




episode of VTE may face difficulties with access to hormone replacement therapy duc
to its association with VTE. This aspect of the long-term effects of VTE has not been

explored.

1.3 NORMAL HAEMOSTASIS

In order to understand posstble mechanisms of thrombosis, a brief outline of the
coagulation cascade and natural anticoagulant pathways is given below.

1.3.1 The Coagulation Cascade

1.3.1.1 Virchow’s triad states that thrombosis may occur as a result of local
abnormalities in the vessel wall, blood stasis, or changes in the composition of blood
favouring thrombus formation. There has recenily been a tremendous amount of
research m elucidating the causes of the third part of this triad. The coagulation cascade

consists of a series of enzymatic reactions whose primary goal is the production of

fibrin and platelet activation. These enzymatic reactions occur on the surface of
platelets, which form a primary haemostatic plug at the site of tissue damage. Platelets
adhere to subendothelium via binding of Von Willebrand factor to the platelet
glycoprotein 1b-V-IX complex (reviewed in (23)). Platelet-platelet interaction is
achieved by fibrinogen binding to the 1Th-ITla platelet glycoprotein. Central to the
coagulation cascade 1s the generation of thrombin. Much research has been directed
toward understanding the initiation of the coagulation cascade in-vivo. It is now
generally accepted that the extrinsic pathway (involving tissue factor and FVII) is the
principal mechanism for initiation of coagulation activation and that the contact system
may contribute very little to the initiation of this process (reviewed in (24) and (25)).
The principal role of the contact pathway is tl‘le amplification of the coagulation process

following initiation by the extrinsic pathway. Tissue factor, (TF; also known as




thromboplastin or CD142), the physiologic initiator of blood coagulation, is an integral
membranc protein found on the surface of a vatiety of cell types nornmally located
outside the vasculature (26). TT is expressed particularly by macrophages and smooth
muscle cells at sites of atheroma and is likely to be of prime importance in the
thrombotic process observed in unstable angina (27) and myocardial infarction (28). It
has recently been demonstrated that vascular smooth muscle cells may be stimulated to
producc TF which is identified free (although transicntly) at the cell surface, in larger
pools encrypted at the cell surface, and also intracellularly (29). It is hypothesised that
the fe]atively short-lived surface expression of TF may be critical for limiting the
thrombotic potential of intact cells whereas the encrypted surface and intracelfular
pools may provide a rich source of TF under conditions associated with cellular
damage, such as during atherosclerotic plaque rupture (29). In response to vascular
injury or thrombotic stimuli, TF binds FVII or FV1la, enhancing its enzymatic activity
considerably (26). This in turn generates FXa and thrombin; thrombin generation
cleaves the serine proteases FVIilla and FVa from their zymogens.FVHl and FV
respectively. The TF-FV1la complex also cleaves FIXa from FIX; alter generation of
thrombin and I'VIila, the FIXa-FVIIla complex (tcnase complex) may generate further
thrombin via liberation of I’Xa (via the prothrombinase complex). The generation of
thrombin appears central to the regulation of haemostasis, since it may both potentiate
its own production (by cleavage of FVIlla and FVa) at sites of tissue damage, and
downregulate production of further thrombin at sites distant from tissue damage (via

activation of the protein C anticoagulant pathway) (figure 1.1).




1.3.2 Natural Anticoagulants

1.3.2.1 The natural anticoagulants antithrombin, protein C and protein S are of prime
importance in limitation of thrombosis to sites of tissue damage in-vivo. Antithrombin
is a serine protease inhibitor (SERPIN), synthesised in the liver, which has widespread
inhibitory activity on the coagulation proteases, particularly thrombin (30). The action
of antithrombin is accelerated greatly by binding to heparin, which alters its structural

conlormation (30).

1.3.2.2 Protein C 1s a vitamin K-dependent plasma zymogen of a serine protease, which
plays a central role in restraining the coagulation cascade (31). The known components
of the protein C anticoagulant pathway arc thrombomodulin, which, in complex with
thrombin, activates the plasina zymogen protein C, to the anticoagulant activated
protein C (APC) (32). APC forms a complex with plasma protein S, which assembles
on membrane surfaces to inactivate factors Va and Villa (32). Recently, a new protein
C receptor has been identified on the surface of endothelial cells (the endothelial cell
protein C receptor, EPCR) which appears to augment protein C activation (32). The
vascular distribution of the EPCR is such that it appears in high concentration in large
artcrial vessels and lower concentrations in the microvasculature (32). The precisc role

of the EPCR, and the reason for its distribution, remain to be demonstrated.

1.3.2.3 Protein S is also a vitamin K-dependent protein that originates predominantly
from hepatocyles (33). 1t is a cofactor for APC. In the circulation 60% of protein 8§ is
associated with C4b-binding prolein, the resulting complexes being devaid of APC

" ¢cofactor activity, 'The remaining free protein S has cofuctor activity for APC. FVa

inactivation by APC occurs in a biphasic reaction, with rapid cleavage at Arg 506




fotlowed by slower cleavage at Arg 306. The first cleavage only partially aflects FVa
activity, whereas full inactivation occurs after the second cleavage at Arg 306. It

appears that protein S predominantly stimulates APC mediated cleavage at the second
site (Arg 306) (33). FVIila inactivation by APC is increased by both protein S and FV

(but not FVa), the two proteins acting synergistically as cofactors tor the reaction (33).

1.3.2.4 Tissue Tactor pathway inhibitor (TFPI) 1s the major inhibitor of the tissue factor-
FVIIa initiation of coagulation. TFPI is synthesised predominantly in vascular
endothelium and has a complex distribution (34). A major pool of TFP1 (50-80% of the
total intravascular pool) is normally bound to the vessel wall, although it may be
released into plasma following injection of heparin (34). The remaining TFPI pool

circulates predominantly (~80%) in association with lipoproteins (34).

1.3.3 Markers of Coagulation Activation

1.3.3.1 Coagulation activation peptides are released from their zymogen molecules but,
in contrast to the corresponding enzyme, they have a relatively longer bal-lifc and are
therelore casicr to measure. This makes it possible to study coagulation activation in-
vivo. The most extensively studied activation peptides are prothrombin {ragment 1+2,
fibrinopeptide A and D-Dimers (fibrin and fibrinogen degradation products).
Prothrombin fragments 1+2 provide information concerning the amount of thrombin
generated whereas fibrinopeptide A indicales the extent to which free thrombin exerts
its activity on fibrinogen (35). D-Dimers represent activation of the fibrinolvtic system

and are parficularly useful in the exclusion of venous thrombocmbolism {36-33).
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1.4 RISK FACTORS FOR VTE (TABLE 1.1)

1.4.1 Inherited Risk Factors for YTE

Antithrombin, Protein C and Protein S deficiency

1.4.1.1 Until relatively recently, established thrombophilic abnormalities were found
infrequently in those with VTR (table 1.2). For example, collectively deficiencics of the
natural anticoagulants antithrombin, protein C or protein S are found in around 5% of
patients with a first episode of VTT, although this figure increases in those with
recurrent events (39). Mutations affecting the antithrombin gene result in either type I
or type II deficiencies (30). Type I antithrombin deficiency is a quantitative deficiency
with reduction to approximately 50% of antigen and activity Jevels. In type 11
deficiencies, the total antigen lcvel 1s normal (or near normal) with a reduction in
activity level. This may be caused by mutations that produce variants with functional
defects primarily atfecting the heparin binding site or the reactive site (30). Type I
antithrombin deficiency appears rare in the healthy population. In a study of biood
domnors in the West of Scotland type | antithrombin deficiency was detected in around
1/5000 individuals (40). Type II antithrombin deficiency was detecied in 1.45/1000

(40).

1.4.1.2 More than 160 mutations have been identified in the protein C gene (reviewed
in (31)). Each muation leads to absent or defective protein C and therefore type I
(guantitative) and type 1T (functional) defects are observed. Protein C deficiency
appears not uncomimon in the general populatlion, cstimated at approximately 1/500
individuals (41,42). Deficiency of protein S is divided into three subtypes: type I (low
total and free protein S), type 11 (normal free protein S with reduced APC colactor

activity), and type III (low free protein § with normal ot near normal total protein S)

11




(33). Sixty-nine muiations have been associated with type [ protein S deficiency (33).
Mutations which produce a type 11f phenotype appear to influence protein S binding to
Cab-binding protein (33). Protein S levels are also lower during pregnancy (43) and in
users of the combined oral contraceptive pill (44). Currently the prevélence of protein §

deficiency in the geticral population is unknown,

1.4.1.3 The vast majority of individuals who arc identitied with deficiencies of
antithrombin, protein C or protein S are heterozygous for a genetic mutation in the
relevant gene. Deficiencies of antithrombin, protein C and protein S are inherited in an
autosomal dominant pattern, such that the offspring of an afifected parent have a 50%
chance of inhentance. [Tomozygous deficiencies are rare. Homozygous antithrombin
deficiency usually results in cither fetal death or such severe thrombotic manifestations
that death occurs eatly in childhood (9). Homozygous deficiencies of protein C or
protein S are rarely reported and generally associated with a severe thrombotic diathesis
which requires lifelong anticoagulation, sometimes with regular protein C or protein S

replaccment (45-51).

Activated Protein C Resistance and Faclor V gene Mutations

1.4.1.4 In 1994, Dahiback found that a significant proportion (around 20%) of patients
with a first episode of VTE demonsirated a poor anticoagulant response to activated
protein C added in-vitro to their plasma (APC resistance) (52). Bertina and colleagues
subsequently demonstrated that such patients had a single point mutation in the genc
encoding coagulation factor V (factor V Leiden, FVL) (53). This mutation results in an
Arg — Gln substitution at amino acid position 506 of the factor V protein. Factor V is

converted to the active cofactor, Va, during assembly of the prothrombinasc complex.
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Generation of thrombin isl limited by cleavage of factor Va by APC at Arg 506,
followed by cleavage at Arp 306 and Arg 679 (54). Bertina showed that the mutated‘
factor Va was rclatively resistant to degradation by APC (53). Individuals with FVL,
even if asymptomatic for VTE, appear to have excessive generation of thrombin as
evidenced by clevated markers of coagulation activation (55,56) and consequently a

relative thrombotic tendency.

1.4.1.5 The APC schsitivity ratio (the ratio of the APTT performed 1n the presence and
absence of exogenously added APC) can be used as a screening test for the FVL
mutation (57). However, the APC sensitivity ratio cannot be used to identify those
carrying the mutation if the patient is on oral anticoagulants or heparin, or if the patient
has a lupus anticoagulant / elevated anticardiolipin antibodies (57). In these patients, a
modified APC test using plasma depleted of coagulation [actor V must be used fo
screen for FVL. The unmodified APC test is also unreliable during'i)regnancy (58)or in
other situations where plasma FVIII is elevaied. Acquired APC resistance (an abnormal
unmodified APC sensitiwity ratio in the absence of the FVL mutation) is seen variably
during prcgnancy (43,58), in those with lupus anticoagulant activity (59) and in those
on the combined oral contraceptive (60). It has recently been reported that users of
hormonc replacement therapy have lower mean APC-sensitivily ratios compared with
post-menopausal non-users (61). It had been noted that there was quite marked
variability in APC resistance ratios in those with the FVL mutation, which was
considered to be related to vartations in levels of FVIIle. However, recent research has
identified a factor V genetic polymorphism (the HR2 haplotype) which appears to
contribute to the phenotype of APC resistance (62). Individuals whe are doubly

heterozygous [or both the FVL mutation and the HR2 haplotype appear to have
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consistently lower APC sensitivity ratios than individuals with FVL alone (62). This
may be clinically significant, since the risk of VTE appears to increase as the APC
sensitivity ratio decreases (63). Very recently, a new mutation in the factor V gene has
been described which is associated with both APC resistance (Arg 306 ~ Thr, factor V
Cambridge) and an increased risk of VTE (64). However, this mutation appears very

rare in thrombotic cohorts (1/602 patients with an episode of V'TE in the study by

Williamson et al (64))}, and as such it is not included in thrombophilia screening in most

thrombosis centres.

1.4.1.6 There have been a considerable number of studies that have confirmed that
mndividuals with the FVL mutation are at increased risk of VTE (reviewed in (39)). The
risk of VTE appears increased 5-10 fold in those heterozygous for the mutation and
approximatcly 80 fold in homozygotes (65). Those homozygous for FVL may
experience thrombosis at a younger age than heterozygotes (63). FVL shows a marked
variation in prevalence within different populations, being clearly centred in Europe
and, with a few exceptions, rclatively rare outside Europe and North America (66). For
example, in the UK the prevalence of heterozygous FVI. is estimated at 3-5% of the
general population. A similar figare is found in Germany. In Greece and Sweden the
prevalence is much higher, approaching 12% in some areas. In South East Asia 1t
appears much lower (1% and it is almost unknown m Africa. [fomozygotes arc
uncommon, though not rare, occurring in approxtmately 0.2% of healthy individuals in

(termany (66).

1.4.1.7 The FVL mutation has also been studied as a candidate risk factor for arterial

thrombosis. [owever, a relationship to arterial diseasc appears less well established.
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Some researchers have demonstrated an association between FVL and neonatal,
childhood and juvenile (<50 vears) stroke (67-72). However, not all have found such an
association {73,74). FVL has not been established as a risk factor for stroke or
myocardial infarction in unselected adult populations (55,75-82). Rather, most reports
appear to highlight a risk in selected adult groups, such as young female smokers

(83,84),

The Protlirombin 20210 G4 Gene Mutation

1.4.1.8 In November 1996, Pooit el al described a common variation in the
prothromnbin gene that was found in 6% of Dutch patients who presented with a first
cpisode of VTE and in 2% of healthy controls {85). Researchers in other countries have
confirmed these findings (86-91). This mutation, a result of a G o A substitution at
position 20210 of the 3 untranslated region of the gene, is associated with elevated
mean plasma prothrombin levels. The precise mechanism for the elevation of
prothrombin levels, or indeed for the increased risk of VTE, is as yet unknown, One
study has reported that markers of coagulation activation {prothrombin [ragments F1+
F2)1n carricrs of the prothrombin variant are not higher than in controls, although
endogenous thrombin potential was reportedly higher (92). The prothrombin 202 10A
mutation has been reported in 1.2-2.6% of the healthy population in the UK. (74,87.88).
It appears to increase the risk of VTE around 2-4 fold, somewhat less than that posed
by FVL. Since both FVL and the prothrombin mutations are not uncommon,
individuals with both mutations are occasionally found and appear to have a
significantly higher thrombotic risk than those with either mutation alone (93-95),
There is emerging evidence that the prothrombin mutation may also be a risk factor for

arterial thrombosis i adulls, again in selected patient groups (84,86,96). In particular, a
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recent large study of sclected paticnts with juvenile stroke (predominanily those aged
15-50 years) has demonstrated a significantly increased risk of stroke in carriers of the
prothroinbin G=> A mutation (97), However, further rescarch is required in this area
before widcsprcad screening for this mutation is undertaken in those with atierial

disease.

1.4.1.9 There are currently few data on the racial prevalence of the prothrombin
mutation, although a recent study has suggested a very low prevalence in non-
Caucasians {98). It secems clear that this mutation is not uncommon in those with VTE
and many thrombosis centres now test for this as part of ficst line investigation of
possible thrombophilia. Unlike the FVL mutation, which can be detected using the
APC scnsitivity ratio, there is currently no screening test for the prothrombin gene

mulation, and hence detection relies upon polymerase chain reaction technigues.

1.4.2 Mixed Genetic and Acquired Risk Factors for VITE

Hvperhamocysteinaermia

1.4.2.1 Elevation of plasma homocysteine appears to confer an increased risk of both
venous and arterial thrombosis (99-107). Two major pathways regulate Homocysteine
metabolism: remethylation to methionine, and trans-sulfuration to cysteine (reviewed in
(107) (figure 1.2). The conversion ol homocysteine to methionine occurs through a
vitamin B12-dependent remethylation siep involving 5-methyltetrahydrofolate (107). 5-
methyltetrahydrofolate, the main {onn of circulating folate, is formed from 5,10
methylenctetrahydrofolate by the enzyine methylenctetrahydrofolate reductase
(MTHFER) (107). In the trans-sulfuration pathway, homocysieine is converted to

cystathionine in & reaction which is catalysed by the cnzyme cystathionine beta
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synthase (CBS) (107). Recently, Frosst described a C— T mutation al position 677 in
the MTHFR gene, which is associaled with a reduced enzyme activity and enzymic
thermola’bilit:y (108). Individuals with the homozygous C-—T MTHFR (thermolabile)
variant have higher homocystcine levels for an equivalent folate level compared to wild
type MTHFR subjects (109-111). Subjects homozygous for the C—T MTHFR variant
that arc folate deficient have significantly elevated fasting Jevels of homocysteine and
may be at increased risk of both VTE and arterial thrombosis (110). llomozygosity for
the variant MTIIFR gene is common in the general population (11% in the UK) (112).
However, the majority of studies which have examined the prevalence of homozygous
C—T MTHEFR subjects with VTE have [ailed to demonstrate an increased risk,
suggesting that folate deficiency may be an important interacting factor in those who

develop VTE (113,114).

1.4.3 Other Coagulation Abnormalities Predispesing to VI'k

1.4.3.1 A considcrablc proportion (10-15%) of individuals thut present with VTE are
noted to have persisiently elevated levels of plasma FVIIL (115). Elevation of FVIII
(levels > 150 iuw/dl) is associatcci with a 4-5 fold increase in risk of VTE (115).
However, FVII gene studies have failed o demonstrate an associated mutation (116).
This elevation 1n FVIII appears independent of underlying inflammation (117).
Abnormalities of the thrombomodulin gene have also been reporied in some patients
with VTE; however, such defects appear rare in thrombotic cohorts (118).
Abnormalities of the fibrinolytic pathway, such as plasminogen deficiency, are
considered by some researchers to be a risk for development of VTE (reviewed in
(119)). However, plasminogen deficiency has been reported as 2 not uncommon finding

in healthy individuals who are thrombosis-free, and many do not regard this as a
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significant thrombotic risk factor (119,120).

1.4.4 Acquired Risk Factors for VIE

Antiphospholipid Syndrome

1.4.4.1 The antiphospholipid syndrome (APS) may be defined as the occurrence of
thrombosis (venous and / or arterial), recurrent (3 or more) miscarriage and / or
thrombocytopaenia in association with evidence of a lupus anticoagulant or
anticardiolipin antibody (reviewed in (121)). The term antiphospholipid antibody refers
both to a tapus anticoagulant or the presence of an anticardiolipin antibody. The APS
may be primary, or occur in association with connective tissue disorders,
lymphoproliferative disorders, infection or complicate drug therapy (121). Despite their
in-vivo thrombotic tendency, lupus anticoagulants act as in-vitro coagulation inhibitors,
with detection being dependent upon prolongation of a clotling time with
demonstration of inhibitory activity on mixing tests, and complete or partial correction
of clotting times with addition of phosphotipid (122). The most widely used tests for
detection of lupus anticoagulants are the activated partial thromboplastin time, dilute
Russell’s viper venom time (DRVVT), and kaolin clotting time (122). Anticardiolipin
antibodies (ACA) arc detecied using ELISA techniques. A recent epidemiological
study demonstrated that individuals with moderate or high (>40 1J) titre IgG ACA
appear at particularly increased risk of thrombotic events compared to those with lower
titres or with other classes of ACA (123). Antiphospholipid antibodies (lupus
anticoagulant and / or anticardiolipin antibodies) have complex effects on hacmostasis,
binding to beta-2-glvcoprotein T {§2-Gp1) (124), prothrombin { 125,126), protein C
(127-129), protein S (125,129), thrombomodulin (130), endothelivm (13 1—1-33) and

platelets (134). Clearly antiphospholipid antibodies are heterogeneous, with no single
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mechanism of thronibosis provcn.’ Antiphospholipid antibodies may be transient, and
persistently positive tests must be demonstrated in an appropriate clinical setfing in
order to make a diagnosis of antiphospholipid syndrome. Guidelines on the
mvestigation and management of the antiphospholipid syndrome are in preparation

(135).

Pregnancy

1.4.4.2 In women, it has long been recognised that pregnancy is a risk factor for VTE.
‘T'he recent Report on Confidential Enquiries into Maternal Deaths in the UK (1998) has
highlighted death from pulmonary embolism as the major cause of maternal mortality
in the United Kingdom (8). VTE associated with pregnancy will be considered in

greater detail in Chapters three and four.

Combined orul contraceptives

1.4.4.3 Coinbined oral contraceptive pills (COCP) were reported as a possible risk
factor for VIE in the mid-1960’s. Recent research has identified that the newer third-
generation preparations (those confaining, the progestogens desogestrel or gestodene)
appear to pose a greater risk of VTE than earlier second-generation preparations (those
containing the progestogen levonorgestiel) (1-3). The increased risk of VTE in users of
second generation COCP is reported at 3.5 (95% Ci 2.6-4.7), comparcd with 9.1 (4.9-
17) for desogestrel-containing preparations and 9.1 (4.9-16.7) for gestodenc-containing
preparations (1). Women with a body mass index (BMI) greater than 25 kg/m® appear
to have a higher risk of COC related VTE than those with a lower BMT (2). Third-
generation COCP, like second generation preparations, contain 30-35 ng

ethinyloestradiol. They have beeu reported to have significant effects on plasma levels
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of natural anticoagulanis, procoagulants and the fibrinolytic system (table 1.3) (136).

These effects, if considered collectively, appear to promote a relative thrombotic

tendency, and may cxplain the obscryed tncrcased risk of VTE. Doubt was cast on data

showing a higher risk of VTE in users of third-gencration COCI’ compared to second-

generation pills, since there appeared to be no plausible physiological explanation for

the clinical findings. However, recent research has shown that third-generation COCP

appear to produce a significant degree of resistance to activated protein C (comparable

to that seen in heterozygous carricrs of the facior V Leiden mutation) (60}, providing a

possible mechanism for these clinical obscrvations.

Hormone replacement therapy

1.4.4.4 Hormone replacement therapy (HRT) has been demonstrated 1o have significant

effects on lipid metabolism, with a reduction in LDL-cholesterol and increase in HDI.-

cholcsterol (137). Users of HRT (both oestrogen-only and oestrogen-progestogen

preparations) also experience an overall reduction in plasma fibrinogen concentration
(137). These effects may explain, at 1cast in part, the cardioprotective effect that has
been demonstrated i users. Users of HRT have also been demonstrated to have
significantly lower levels of antithrombin and protein 8, and increased levels of
coagulation activation markers (137). HRT has recently been reported 1o be a risk

factor for VTE (4-7). The relative risk appears to be around 2-3 fold in current users.

Hstimates place the extra risk of VTE in women using HRT at around 1 event per 5000

users per year (4,7). The mechanism for an increased risk of VTE is unknown, although
the effects on levels of natural anticoagulants may be important. In considering the use
of HRT, however, the relatively small risk of VTE should be weighed against the

potential benefits, such as a reduction in cardiovascular events and osteoporosis,
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particularly as VTE has a low mortality compared with ischaemic heart discasc.

Surgery

1.4 4.5 Surgery and immobility are well-recognised periods of increased risk of VIE
(138,139). In particular, orthopaedic and neurosurgery are considercd high-risk for
subsequent development of VTE (138). There are considerable data demonstrating that
low molecular weight heparins (LMWH) may significantly reduce the risk of VT in
such high-risk patients with no apparent increased risk of bleeding compared to
unfractionated heparins (reviewed in (138)). However, despite thromboprophylaxis

with LMWH, some 15-20% of such individuals dovelop VTE (revicwed in (140)).

Serious medical illness

1.4.4.6 Other bospilal inpatients, for example those on medical wards with cardiac
failure, nephrotic syndrome or infection are also at increased risk of VTE (141). Mosl
hospitals now have protocols to help prevent this complication, the development of
which are aided by publications such as those by the Scottish Intercollegiate Guidelines

Network (SIGN) (142).

Mualignancy

1.4.4.7 Tnterest has recently been given to the observation that individuals with cancer
are at increased nisk of VIE. VT may be the presenting feature of a variety of
malignancies, and not uncommonly develops in those with clinically overt cancer
(143). It is also recognised that patients with cancer are at increased risk of
postoperative or immobility-related VTE compared to postoperative or immobilised

patients without cancer (144). Data sugpest that cancer cells may express both tissue
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factor and cancer procoagulant, a cysteine protease which may directly activate FX
(reviewed in (143)). In addition, fibrinogen levels and platelet count are elevated in 30-
40% of patients with cancer (143). Coagulation activation markers, such as
prothrombin fragments 1+2, thrombin-antithrombin complexes and D-Dimers are aiso
elevated in a significant proportion ol patients with cancer (143). A number of studies
have demonstrated that individuals who present with objectively confirmed VTT are
significantly more likely to develop cancer within 6-12 months than these who present
with possible VTE subsequently excluded by objective testing (reviewed in (145)). It
has also been shown that patients who present with idiopathic VTE are significantly
more likely to develop cancer (around 10%) than those in whom VTE is associated
with a recognised precipitaﬁt (145). Controversy surrounds the question of screening

for occult malignancy in those who present with idiopathic V{E.

1.4.4.8 There 15 current interest on the influence of low molecular weight heparins on
tumour cell biology (146). LMWH have been demonstrated to prolong survival in
subjects with cancer compared to unfractionated heparins (144), stimulating interest on
the effect of LMWH on tumour growth and development. Tissuc factor expression by
tumour cells may be involved 1n tumour angiogenesis (147), providing a possible

mechanism through which anticoagulant therapy may influence tumour growth.
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1.5 GENETIC - ENVIRONMENTATL INTERACTIONS IN THE

DEVELOPMENT OF VTE

1.5.1 It 1s appurent that most subjects with inherited thrombophilia develop VTLE only
when additional prothrombotic triggers are posed. In certain situations the combination
of inherited thrombophilia and an additional factor appear to synergistically increase
the risk of VTE. For example, it is known that the FVL mutation increases the risk of
VTE approximately 5-10 fold (65). The combined oral contraceptive pill (COCP) is
associated with an approximate tour-fold increased risk of VTE (1-3). Users of COCP
who are also carriers of the FVL mutation appear to have an increased risk of V'I'E of
around 35 fold (148). The risk is even higher in those with FVI. who are users of third
generation oral contraceptive pills (149). A recent study has shown that COCP induces
APC resistance in subjects who do not possess FVL, and potentiates the degree of APC
resistance in those with ¥VL, thus providing a biological explanation for these clinical
observations (60). Tt is as yet unknown if there is a similar synergistic effect in users of
hormonc replaccment therapy who are carriers of FVL. It is also recognised that
individuals with deficiencics of natural anticoagulants arc at increased risk of VTE if
taking the COCP? (150). At present there are no data regarding a possible interaction
between the recently described prothrombin gene variant, the COCP or hormone

replacement therapy.

23




1.6 THROMBOPHIEIA AND ADVERSE PREGNANCY OUTCOME

1.6.1 In addition to the well-documented increase in risk of VT, thrombophilic
abnormalities have also been examined as possible risk factors for the development of
adverse preguancy outcomes, such as gestational hyperiension, preeclampsia, placental
abruption and fetal loss. Several studies have reported that women with the FVL
mutation arc at increased risk of severe preeclampsia {151-155). The MTHFR TT
{thermolabile) genutype may also increase the risk of precclampsia (152,136), perhaps
hecause pregnancy may be accompanied by folate deficiency, which could lead to the
development of elevated plasma homocysteine. There are also data indicating that FVL
and the prothrombin mutation are risk factors for the development of gestational
hypertension with or without proteinuria {157). A recent study, in addition to
demonstrating a tisk of severe preeclampsia, showed an increased risk of placental
abruption in carriers of VL and the prothrombin mutation, although the numbers were
small (155). There is some cvidence that natural anticoagulant deficiencies, and FVL,

may be associated with fetal loss (158,159).
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1.7 CONCLUSIONS

1.7.1 VTI poses a serious health risk, particularly to women who are at increased risk
by virtue of pregnancy and hormonal preparations. Thrombophilic abnormalittes are
not uncommon in the general population and in some cases may interact synergistically
with acquired risk factors to considerably heighten the risk of VTE. Since
thrombophilic abnormalities are relatively common, it i incrcasingly rccognised that
those at grcatest risk of VTE possess either multiple thrombophilias (such as both FVL
and natural anticoagulant deficiencies (160-162), or FVL and prothrombin mutations

(94.95)) or those with single thrombophilias in risk situations.
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Table 1.1: Inherited and Acquired Risk Factors for VIE

Tnhertited factors Inherited / Acquired Acquired factors
Antithrombin deficiency ~ Hypcrhomocysleinacmia ' Combined oral contraceptives
Protein C deficiency tlevated FVIIL = Hormone replacement therapy
Protein S deficiency Pregnancy
Factor V Letden Surgery
Prothrombin 202 10A Immobility

Cancer

Medieal illncss

Antiphospholipid syndrome

T phenotypic expression appears to be a result of genetic susceptibility and acquired
vitamin deficiency

¥ in subjects with VTE, it is uncertain if elevated FVIII is inherited or acquired
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‘Iable 1.2: Prevalence of Inherited Thrombophilia in Consecutive Subjects with a

First Episode of YTE and in the General Population [adapted from Lane et af

(391
''''' Thfombophi}ia General population (%) Consecutive patients with -
first VIE (%)

Antithrombin deficiency 0.02 1

Protein C deficicney 0.2 3

Protein S deficiency ? 1.2

Factor V Leiden 2.2 20

Prothrombin 20210A 2.2 6-3
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Table 1,3: Influence of Third Generation, Low Oestrogen Combined Orai

Contraceptives on Various Haemostatic Parameters [from Kluft et al (136)).

“Haemostatic Patameter Increaéed | Decreased
Natural Anticoagulants  heparin cofactor TI protein S (total & free)
protein C APC ratio
antithrombin N
C4b-BP
Procoagulants Factors |, 11, VIL VI IX, X,
XI
vWi
Profibrinolytics plasminogen tissue plasminogen activator
Faetor XTI
Antifibrinolytics Factor XTI PAL-I

(Cl-esterase inhibitor
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Figure 1.1. The Coagulation Cascade and the Protein C (red / blue) Pathway.
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Figure 1.2, Methionine / Homoeysteine metabolism
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IDENTIFICATION OF RISK FACTORS FOR VENOUS

THROMBOEMBOLISM IN WOMEN IN THE WEST OF SCOTLAND

2.1 SUMMARY

2.1.1 Three hundred and twenty-two consecutive women aged 16-70 years who
presented with symptematic VT were studicd to determine precipitating factors for
thrombosis. In 283 women this was a first episode of VTT and in 39 was a recurrent
event. 187 presented with DVT, 116 with either definite or probable PE, and 19 with
both DVT and PE. The 18 who died from P (mean age 59.3 vears, SD 11.4, n=18)
were significantly older than those who survived PE (mean age 50.1 years, SD 14.5,
n=117) (p< 0.005). Pregnancy was the most cominon precipitating factor for VTE,
associated with 14% of all events and 33.6% of events under 40 years. Intravenous drug
abuse was also 4 common trigger for VTE, associated with 13.7% of all objectively
confirmed events and 33.6% of cvents in women under 40 years. A large number of
clinically diagnosed DVT associated with TVDA were docwmented, suggesting that
IVIDA may be the most common triggening factor for DVT in our region. Nong of the
IVDA cohort presented with symptomatic PIE. Cancer, particularly of breast, colorectal,
and lung, was also commonly associated with V1'E, detected in 12.8% of the entire

cohort and almost 25% of those aged over 50 years.
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2.2 INTRODUCTION

2.2.1 Venous thromboembolism (VTE) remains an important cause of morbidity and
mortality, particularly in women. This relates predominantly to female exposure 1o risk
factors for VTE, such as pregnancy, the COCP, and HRT, in addition to other risks
such as surgery, immobility and cancer. It must be stressed, however, that the absclute
risk of VTE in pregnancy, or in users of the COCP or HRT, is fow, and that in certain
geographical areas other risk factors for VTE may be important, For example, in our
arca intravenous drug abuse (IVIDA) is highly prevalent, with injection into the femoral
vein a common maode of administration. It is generally acknowledged that such an
mjection technique may constitute a risk tor development of deep vein thrombosis and
! or pulmonary embolism, The contribution of IVDA to the development of VTIZE has

thus far received little attention.

2.3 AIMS
2.3.1 'T'o document risk factors for VTE in a cohort of consecutive females aged 16-70
years diagnosed with either deep vein thrombosis (DVT) and / or pulmonary embolisin

{PE) and treated at one of two Glasgow hospitals between 1993-1997.

24 MATERIALS AND METHODS

2.4.1 Consecutive femnales aged 16-70 years who had been diagnosed with DVT or PE
and treated at one of two Glasgow hospitals (Glasgow Royal Infirmary University NHS
trust or the Southemn General NHS Trust) between 1993-1997 were the subjcet of study.
Women who developed VTE related to pregnancy were also included, since both
hospitals have associated maternity units. Subjects were identified using ICD9 and

ICD10 (from 1996) coding data obtained from SMR returns to the local health board.
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Women with DV or PE related to pregnancy were identified {rom SMR2 data. Case-
notes from all subjects were recalled and examined. Information extracted from the
case-notes included patient demographics, diagnosis, technique used to establish
diagnosis, and possible risk factors for V1E (see appendix 1). Only patients in wﬁom
the diagnosis was objectively confirmed were included. For the purposes of our
analysis, the diagnosis of DVT was accepted if confirmed by compression or duplex
Doppler ultrasound scanning or contiast venography (except in the cases associated
with [VDA, see below). For PE, we accepted a high probability V/Q scan as definite
evidence of PE. A diagnosis of probable PE was made where the V/AQ scan was of
intermediate probability and patients were treated with at feast six months
anticoagulation, or cases which were diagnosed on the basis of clinical, FCG, and x-tay
findings and received six months anticoagulation. The case-note search identified a
large number of women who were intravenous drug abusers (IVDA) who had
developed apparent DVT. Many such cases were diagnosed clinically; this data is also
presented. The case-notes from 41 women could not be located. These patients were

not included in our anatysis.

2.4.2 Statistical techniques

2.4.2.1 Normalty distributed patient characteristics were assessed by using the Students

t-test. p valucs arc two-tailed.
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2.5.1 Three hundred and twenty-two women were admitted with an episode of
objectively confirmed VTE during the study period. In 283 women this was a first
episode of VTE and in 39 was a recurreint event. 187 presented with DVT, 116 with
either definite or probable PE, and 19 with both DVT and PE. The mean age of women.
with PE (50.0 years) was significantly higher than those with objectively confirmed
DVT (41.3 years) {p-<0.0001). However, after excluding all cases of VTE related to
IVDA, the difference in ages was not statistically significant (mean age of those with
DVT 47.6 years, mean age of those with PE 50.0 years, p = NS). Of women with
clinically 1solated DVT, 103 presented with DV in the left leg, 77 with right lcg DVT
and in 7 cases DVT was bilateral. 68 women had definite PE and 48 probable PE. 18
(5.5%) died during hospital admission trom PE (table 2.1). 11 women werc known to
have subsequently died (5 [rom cancer, 1 [rom congestive cardiac failure, 1 from
respiratory distress syndrome in an IVDA,; in the remaining 4 women the cause of death
was not available). 23 women had a recurrent thrombosis during the study period. OFf

this 23, thirleen were TVD abusers; 2 others originally presented with idiopathic VTE.

2.5.2 Risk factors for V'I'L are shown in table 2.2. Twenty-one percent (68/322) of all
episodes had no identified precipitating factor. Pregnancy was the most fiequent
associated factor, identilied in 14% (45/322) of all events. A further [3.7% (44/322)
were associated with IVDA. Inclusion of all possible cases of DVT (objective and
clinically diagnosed cases) associated with IVDA increased the total number of events
related to IVDA to 82, representing 23% (82/360) of all cvents. Many women with
possible DVT related to IVDA self-discharged from hospital before an objective test

could be performed, or in some cases the attending clinician felt the diagnosis was
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obvious and that further confirmatory tests were unnecessary. Of 82 women with
possible VTT secondary to IVDA, all were treated with subcutaneous heparin. Only 2

were discharged on oral anticoagulants.

2.5.3 Malignancy was a common precipifating factor for VTE: 12.8% (41 women) had
cvidence of malignancy at presentation, or had developed a malignant process within
twelve months of VTE (this was the case for one patient). Breast carcinorna was the
most common tumour associated with development of V'['E (table 2.3), accounting for
46% of all malignancies identificd. Colorectal (15%) and bronchial (12%) carcinomas
were the next most frequently identified lumours. Of six cases of VTE identified in
association with colorectal carcinoma, 4 occurred [ollowing surgery for colectomy. The
prevalence of cancer-related VTE increased with patient age (figure. 2.1): between the
ages 15-39 ycars there were no cancer-related VTE events among 130 VTE cases. This
increased between 40-49 years (3/32, 9%), 50-59 years (15/64, 23%) and 60-70 years

(23796, 24%).

2.5.4 Twenty-one (6.5%) women developed VTE in association with synthetic
ocstrogen containing pills. 5 occurred in users of third (desogestrel or gestodene)
generation pills, 3 in users of second generation pills, 5 in other oestrogen-containing
preparations (all Dianette®, an oestrogen- containing preparation combined with an
antiandrogen rather than a progestogen, used in the treatment of acne and hirsutism),
and in 8 cases the preparation was not specified. 24/322 (7.5%) women were uscrs of
HRT at the time of V1E. In addition, lwo women who developed VTE related to
surgery were users of HRT, and one woman who developed VTE whilst immobilised

due to a fractured ankle was on HR'1 at time of event. In 25/27 cases, the HRT was an
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oral preparation; in 2 cases the preparation was not specified. In most cases the duration

of use of COCP or HIRT was not specified in the cage-notes,

2.5.5 Thirty-three (10.2%) women developed VTE within one month of surgery (this
included 5 who also had cancer and 2 who were users of FIRT). 10 occurred following
orthopaedic surgery. In 22 (6.8%) women VTE was associated with immobility, 9 of
which were related to plaster cast immobilisation of the lower limbs. 16 (5%) women
had an associated medical illness predisposing to VTII, the most common of which
were myocardial infarction / failure (7} and respiratory disease (3). Most women who
developed VTE related to surgery, immaobility or medical illnesses were over 50 years
old (figure 2.2). Whilst only 4% of women had previous VTE as the only risk factor for
the present event, 12.1% (39/322) of the entire cohort had previously suffered an

episode of VTE.
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2.6 DISCUSSION

2.6.1 This analysis of 322 consecutive women aged 16-70 years with objectively
confirmed VTE demonstrates that a recognised precipitating factor for thrombosis was
present in 79% of all cascs. Surprisingly, IVDA was assoclated with 13.7% ot all
events (23% of all VTE if clinically diagnosed VDA events arc included). In womcen
under 40 years with objectively confirmed VTE (n=131), IVDA accounted for 33.6%
(44/131) of all events. This compares with 33 6% (44/131) related to pregnancy and
15.3% (20/131) related to COCP in this age group. All women with VTE who were
IVD abusers developed DVT; none presented with symptomatic PE. Many such women
self-discharged from hospital early {(and in many cases without follow-up), and
therefore we cannot be certain that a proportion did not subsequently develop PE.

However, this seems anlikely, since none were readmitted to cither hospital with PE.

2.6.2 Tifty-four percent (44/82) of DVT associated with TVDA were objectively
confirmed. In the remainder, the diagnosis was made clinically, or the patient self-
discharged prior to a radiological examination being performed. There are few data on
the prevalence of IVDA as a precipitating factor for VTE. Labropoulos et al studied 47
consecutive patients, who were 1VD abusers, presenting with suspected DVT (163).
DVT was diagnoscd by duplex Doppler ultrasound in 63% of limbs. Ten patients had
bilatera] DVT. The remainder had a variety of diagnoses, such as groin abscess,
haematorma, arleriovenous fistulae, cellulitis, and falsc ancurysm. In nine patients no
diagnosis was reached. It was notable that in this study, 3 patients developed
symptomatic pulmonary embolism. This is in contrast Lo our cohort, in whom nonc

presented with symptomatic PE.
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2.6.3 It was of interest that only 2 women with DVT associated with [IVDA were
treated wi‘Lh oral anticoagulants. In one such patient, warfarin was discontinued after
only 4 weeks due to poar and erratic compliance with therapy. Amongst clinicians there
is uncertainty rcgarding the best way to manage these patients. Problems with
continued drug abuse, with the risk of vessel puncture whilst on anticoagulants, asc
cleatly of concern and mean that at present few such patients are anticoagulated in the -
community. Considering these patients represent a significant proportion of women
with VTE, studies are needed to determine the cotrect approach to treatment, since at

present there are few data on which to basc recommendations.

2.6.4 Cancer was identificd in 12.8% of all women with V'IE. Cancers of the breast
(46%), colon (15%) and lung (12%) were those most {frequently identified in
association with VTE. The distribution of cancers amongst women with VTE closely
followed the prevalence of cancers in women generally: data on almost 120 000 women
with cancer n the UK aged 16-75 years demonstiates breast (26.3%), colorectal

(13.2%), and lung (11.3%) as the commoncst primary tumours (164).

2.0.5 Most patients in the cancer related VTE group had overt cancer at presentation; in
one woman cancer was diagnosed within several months of presentation with VTE.
However, we do not know how many women developed cancer after presentation since
formal [cllow-up was not undertaken. Monreal recently investigated 832 consecutive
patients {(malc and female) admitted with VTE and identified overt cancer at
presentaiion in 17.7% (165). Other predisposing risks included surgery (26.3%),
immobility (20%), previous VTE (13%), COCP / HRT {1%) and pregnancy {1%). In

addition, screening tests detected cancer in a further 2% during initial hospital
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admission, and in a turther 1% during follow-up over several months or years. The
subscquent development of malignancy appeared significantly more common in those
with idiopathic versus secondary VTE (165). In Monreal's study, cancers of the colon,
breast and lung were the most common primary siles associated with VTE, in keeping
with our findings. Other studies have supported the idea that those with idiopathic V'{E
are more likely to subsequently present with cancer compared to patients with
secondary VTE {166-168). However, not all studies have confirmed this (169).
Screening for occult malignancy in those presenting with VTE has been investigated by
Rarosi who concluded that screening for cancers of the breast and colon in females
might be worthwhile (170). Howev