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Over the last decade we have witnessed an avalanche
of newly identified risk factors for venous thrombosis.
This has advanced our knowledge of its etiology,
because more determinants have been described and
because the underlying concepts have received a new
and broader understanding.

Venous thrombosis is a common multicausal
disease occurring as the result of interacting genetic,
environmental and behavioral risk factors. Some of
these have been known since medieval times, such as
the increased risk of thrombosis during immobilization
in pregnancy and after childbirth (although retained
milk of the breast-feeding mother was seen as the
primary cause for the latter). Pregnancy and
puerperium still cause thrombosis, as do exogenous

Thrombosis

The Role of Genes, Environment, and Behavior

hormones in oral contraceptives and hormonal
replacement therapy. Furthermore, the immobilization
in the puerperium of the old days translates directly to
situations of immobilization in current times, such as
prolonged travel in airplanes or excessive electronic
gaming.

While pedigrees with abundant thrombosis were
observed in the early 1900s, the first cause of heri-
table thrombophilia (antithrombin deficiency) was
discovered in 1965, with the subsequent identification
of deficiencies of protein C and protein S in the early
1980s. These were uncommon and strong risk factors,
whereas the more recently discovered genetic
variants are common and weak, and cause disease
only in the presence of other factors.

time of onset, and it may even go undiagnosed. So, while

Thrombosis may occur in arteries and in veins. The olterial thrombosis is a chronic disease with acute symp-
structive clot formation that defines thrombosis is the entdms, venous thrombosis is an acute disorder with chronic
product of an imbalance of procoagulant, anticoagulasymptoms.

and fibrinolytic factors. Arterial thrombosis is seen pre- Due to the association of venous thrombosis to acute,
dominantly as myocardial infarction and ischemic strokdransient risk factors, insight into its etiology preceded that
and more rarely in other locations. It is almost invariablgf arterial disease. Some of the acquired causes of venous
superimposed on vessel wall disease, i.e., atherosclerotfisombosis, particularly pregnancy and the puerperium,
Although its symptoms are acute due to the blocking of theve been known for centuries. Peripartum venous throm-
vital blood flow to an organ, arterial thrombosis could b&osis was called ‘milk leg’ because of the sometimes shiny-
seen as a chronic disorder related to a slowly increasingpite appearance of the thrombosed leg. Early physicians
severity of atherosclerosis. Venous thrombosis contragtought it was related to milk production, with unexpelled
with this, since the development of the clot is a relativelgnilk accumulating in the leg. In the late 1700s this led to
sudden phenomenon that does not follow a build-up ¢fie public-health advice that breast-feeding was recom-
disease but often occurs in reaction to an acute and shonended to prevent milk I€g.

lasting risk. However, impeded venous blood flow from an  The modern era of understanding the etiology of throm-
organ or body part is much less endangering to vital funbesis began with the pathologist Virchow, who in the mid-
tion, so symptoms may sometimes be mild with an uncleaB800s postulated three major causes of thrombosis: changes
in the vessel wall, changes in the blood flow, and changes
in the blood compositiohThis broad classification is still
valid. However, these classes of causes do not have the
same role in arterial and venous thrombosis; therefore, arte-
rial and venous thrombosis share some causes, but also each
have causes that are vastly different. Arterial thrombosis is
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dominated by atherosclerosis (vessel wall changes) andRisk Factors for Venous Thrombosis

risk factors include hypertension, hyperlipidemia, smok¥he causes of venous thrombosis can be divided into those
ing, and diabetes mellitus. Recent analyses including vetlyat are characterized by stasis and those that are reflected
large numbers of patients show that these risk factors aneabnormalities in the blood plasma (hypercoagulability).
still the most important, with one of them present in apAnother common classification separates acquired and ge-
proximately 90% of patients with myocardial infarctfon. netic risk factors; acquired (environmental) risk factors are

5 Stasis does not play a role in the etiology of the arteriaften related to stasis (but not exclusively, for example,
thrombosis because of the high blood pressure and flawal contraceptives) and genetic risk factors to hyperco-
through the arteries. Hypercoagulability does affect the rigigulability.

of arterial thrombosis, as witnessed, for example, by the Some environmental risk factors for venous thrombo-
low rate of myocardial infarction in hemophilia patientssis have been known for centuries; they include bed rest,
and the increased rate in patients with non-O blood grougsirgery, trauma, plaster casts, pregnancy, puerperium, lu-
which are associated with increased levels of vopus anticoagulants, cancer and female horm8rigs.c-
Willebrand factor and factor VIRE However, for most quired risk factors still play a major role in the burden of
thrombophilic defects, their role in arterial disease is much
less pronounced than in venous thrombosis. Some héq{ggq-
even disputed the role altogether in view of the overridin g | —=
effects of atherosclerosis. This is in contrast to venous thro 8004
bosis, where stasis and immobilization are equally impao 2004
tant risk factors as prothrombotic abnormalities. Howeve
atherogenic factors (vessel wall) such as smoking, hype 6001
tension or hyperlipidemia do not appear to affect the ris 500
of venous thrombosisTable 1 lists the risk factors for 4001

venous thrombosis. 300+
200+
Venous Thrombosis 100-
The incidence of venous thrombosis is 1-3 individuals pt () | ; = L
1000 per yeat2 The most common forms of venous throm: 0-19 20-39 40-59 60-74 75+

bosis are deep vein thrombosis of the leg and pulmonary
embolism, although it also occurs in other veins (upp&fdure 1. Incidence of first venous thrombosis (deep-vein

. . . . . thrombosis and pulmonary embolism, by age and sex
extremities, liver, cerebral sinus, retina, mesenteric), bl from the district of Brest, France ). Rates are shown
rarely. Chronic sequelae can be severely debilitating dger 100,000 per year; men = filled bars, women = open bars
to a disabling postthrombotic
syndrome, which occurs in up to
20% of patient$® The case-fa- Table 1. Risk factors for venous thrombosis.

tality rate of deep-vein thrombo-

sis mainly due to fatal pulmo- Acquired Inherited Mixed/Unknown
nary embolism, ranges from 1% Bed rest Antithrombin deficiency High levels of factor VIII
in young patients to 10% in older Plaster cast Protein C deficiency High levels of factor IX
patients, and is highest in those Trauma Protein S deficiency High levels of factor XI
with underlying malignan- wmajor surgery Factor V Leiden (FVL) High levels of fibrinogen
ciesot? _ Orthopedic surgery Prothrombin 20210A High levels of TAFI
Venous thromb93|s occurs Malignancy Dysfibrinogenemia Low levels of TFPI
about equa_”y Often_m me_n and Oral contraceptives Factor XIII 34val APC-resistance in the
women, with possibly higher
. Hormonal replacement therapy absence of FVL
rates among women in the . o . )
Antiphospholipid syndrome Hyperhomocysteinemia

younger age groups, and among
men in the older age groups Myeloproliferative disorders High levels of PCI (PAI-3)
(Figure 1).1*12The incidence of Polycythemia vera

venous thrombosis is strongly Central venous catheters

age-dependent: it is extremely Age

uncommon (1 in 100,000 per obesity

year) in childhood, and rises to

nearly 1% per year in old Abbreviations: TAFI, thrombin activatable fibrinolysis inhibitor; TFPI, tissue factor pathway

age?lvlz’l“ inhibitor; PCI, protein C inhibitor; PAI-3, plasminogen activator inhibitor-3; APC, activated
protein C
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venous thrombosis, even though their impact has lesserfeble 2. Thrombosis risk in acquired risk situations—the
because of the implementation of prophylactic anti=eden Thrombophilia Study.

thrombotic strategiesTéble 2). patients  Controls

A familial tendency to venous thrombosis was first (n=474) (N = 474)
described in the early 1900s, when pedigrees with a largek Factor n (%) n (%) OR Cl95
number of individuals with venous thrombotic events sugsyrgery 85 (18) 17 (3.6) 59 34-10.1
gested a heritable hypercoagulability. Egeberg describﬁ{;jspitaliz‘,jltion 59 (12) 6 (13) 111  4.7-25.9

the first family with an identified hereditary tendency tq, . . (at home)

thrombosis (thrombophilia) d by antithrombin (AT] 17(36) 2(04) 89 20-382
rombosis (thrombophilia), caused by antithrombin . ) s i> o510
deficiency (previously known as antithrombin [l1), in 1965. Pregnahcy 13( 8' 2) . (0'6) 14‘ L 1'8 10‘9
Subsequently, in the 1980s, protein C deficiency and pro-®Pe"™ 8.2) 0:6) A4 L8

tein S deficiency were recognized as causes underlyiffgf! contraceptives 109 (70) ~ 65(38) 38  24-6.0
familial thrombophiliat®1®

Over the last 10 years, several new defects have beldRe Window_for surgery, hospitalization (without surgery)dgnd
identified that increase the risk of venous thrombosis. Geh%di;edsgx(g‘;gn(it_': zgfg':)"’f“‘thiolrgb‘iasﬁ':) d‘i’;agiols?’:;r S;gitg‘g
erally, these abnormalities tend to confer less increasgghilar date in controls), for puerperium it was delivery 30 days
thrombotic risk than do the deficiencies of antithrombingr less prior to the index date, and for pregnancy and oral
protein C and protein S. However, although more milgontraceptives it was at the index date.
they are also far more common and therefore responsitfl@a on pregnancy, puerperium and oral contraceptive use refer

for a larger proportion of all venous thrombotic events. t© Women in reproductive age.

Environmental Causes of Thrombosis with anticoagulant treatment, high-risk surgery such as to-
tal hip or knee replacement will lead to symptomatic venous
Age thrombosis in 1% to 3% of the patieftS herefore, sur-

One of the strongest risk factors for thrombosis is age, witfery remains a major cause of venous thrombosis. In the
a steep gradient of risk, in which the incidence is a thoueiden region, where extended anticoagulant prophylaxis
sand-fold higher in the very old than in the very yotiri). is routinely prescribed for most surgical interventions, we
Why age is such a strong determinant of venous thrombsbserved that 18% of patients with thrombosis had had a
sis is unclear. Several explanations seem obvious, all fiirgical intervention, which increased the risk of venous
which probably contribute to some extent. These are dgwombosis 6-foldTable 2).2° In a more recent analysis of
creased mobility, an increased frequency of risk-enhanever 4000 patients with a first venous thrombosis and a
ing diseases, decreased muscular tone, and acquisitiorsipfilar number of controls, we still noted a 4-fold increased
other risk factors as well as aging of the veins themselveisk of symptomatic thrombosis following orthopedic and
and particularly of the valves in the veins, that are cruciaghajor non-orthopedic surgety.
for good venous flow.
Immobilization

Surgery and trauma As stasis is the major cause of thrombosis, the risk is in-
Surgical interventions carry a very high risk of thrombosigreased during all circumstances that are associated with
which, dependent on the type of surgery, may occur in ovighimobilization of the extremities, such as paralysis, bed
50% of the patients in the absence of antithrombotic preest, plaster casts and prolonged trév& The common
phylaxis. The highest risks are conferred by orthopedienominator is that immobilization interferes with the func-
surgery and neurosurgery. In hip and knee surgery, the rign of the calf musculature in pumping the blood upstream
of thrombosis reaches 30% to 58%%.Risks that are nearly though the veins. Immobilization in a sitting position con-
as high have been reported for abdominal surgery (up firs a higher risk than other positions. This was shown in
30%), gynecologic surgery and urologic surgery (in pai-ondon in World War Il, where a 6-fold increased risk of
ticular open prostatectom$®?* Generally, the larger the pulmonary embolism was observed shortly after air raids,
intervention, the greater the risk, but in orthopedic surgeduring which people sough shelter in the underground
even minor interventions, such as arthroscopy, considevhere they waited in deck-chairs. The risk went down after
ably affect the risk of venous thrombosis. the chairs had been replaced by butikdore recently, it

The incidence of venous thrombosis is also very higlhas reported that during massive traffic jams due to public
in patients with multiple trauma, and thrombosis occurs itnansport strikes in Paris, several cases of deep-vein throm-
50%-60% of patients with head trauma, spinal injury, pebosis occurre@® An even more contemporary example of
vic fractures, femoral fractures and tibial fracti#&$Such  thrombosis due to immobilization occurred in a young man
high rates of symptomatic thrombosis are no longer olbrho regularly spent 12 hours per day behind a computer
served due to anticoagulant prophylaxis that is routinelycreen, which was coined ‘eThrombo&is.’
prescribed after major and orthopedic surgery. Still, even
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Long-distance travel pobaric chambers in the United Kingdom, found no evi-
Although the first cases of venous thrombosis after air travéénce for a broad shift towards coagulation activafiom.
were reported in 195%,the death of a young passengeanother study that was also part of the WRIGHT project,
from pulmonary embolism shortly after a flight from Aus-volunteers were first exposed to a real flight of 8 hours and
tralia to the United Kingdom has rekindled the interest ithen to 8 hours of immobilization in a cinema at ground
this association. Over the years, many case reports haeeel. Blood samples were taken before and after each ex-
been published, and thrombosis following long-haul aposure as well as during a day of normal daily activities.
travel became known as the ‘economy class syndrom@&he study population consisted mainly of women, many of
without, however, controlled studies demonstrating a trulyhom had factor V Leiden, used oral contraceptives, or
increased risk’*® A very elegant study was published inboth. In this study there were several women, mainly those
1986, in which data on sudden deaths occurring over sevith one or two risk factors, who showed pronounced co-
eral years at Heathrow airport in London had been cakgulation activation, as evidenced by increases in throm-
lected and categorized as to where the death took placebin-antithrombin complexes (TAT), prothrombin fragment
the arrival hall or in the departure h&llThere were far 1+2 (F1+2) and D-Dimer&.In a similar study in France, no
more deaths from pulmonary embolism in the arrival thaclotting activation was observed in healthy male volun-
in the departure hall, yielding a relative risk of around%ix.teers who were flown to RéuniéhSo it seems that the

In a similar design, severe pulmonary emboli (fatal andonditions of air travel, e.g., hypoxic hypobaria, may lead
non-fatal) occurring in passengers shortly after their arrivéd a hypercoagulant response in a minority of individuals,
at Charles de Gaulle airport in Paris were categorized anainly those with other risk factors.

cording to the distance that had been travelled, and related Several studies aimed at detecting asymptomatic clots
to the distances travelled by all passengers arriving at tlzier air travel have found them in several percent of travel-
airport® There was a clear association of risk of pulmonargrs, with reduced rates of clots in those who used elastic
embolism with the duration of the flight, with a 50-foldstockings or antithrombotic drug%® The relevance of
difference in risk between flights of less than 2500 km, aresymptomatic clots is unclear, although in one study, with
those over 10,000 kfi.While these reports make it very particularly long flights, several cases of pulmonary embo-
plausible that air travel increases the risk of thrombosiksm were observe#. Asymptomatic clots also appear to
they give little information about the magnitude of thedccur often in daily life. This was demonstrated in a Ger-
risk, since they dealt only with severe events occurringan study where extensive ultrasound scanning was per-
shortly after arrival. Controlled studies in which consecuormed in nearly 1000 individuals who had just flown for
tive patients with venous thrombosis were included hawever 8 hours and in over 1000 controls who had not trav-
yielded conflicting results, with some showing no risk inelled> Asymptomatic thrombosis was found in 2.8% of
crease at all, perhaps reflecting that the number of travehe travellers, but also in 1% of the contrdls

lers in these studies was snt&lt! In one of the studies it

was found that recent air travel doubled the risk of thronEancer

bosis, which was, however, over 14-fold increased for indFrousseau was the first, in 1865, to observe that cancer and
viduals with thrombophilia or women who used oral convenous thrombosis are associgfd®ecurrent thrombophle-
traceptives” This was confirmed in the much largerbitis at various and changing locations (saltans et migrans)
‘MEGA-study,’ in which we analyzed data from 1851 pasuggests occult cancer, especially of the pancreas. It is not
tients with a first deep-vein thrombosis and 1851 matcheghtirely clear why cancer causes thrombosis, and several
controls (SC Cannegieter et al, manuscript submittedthctors are likely to be involved. It is very likely that the
Travel was associated with a 3-fold increased risk of throrimor itself increases the risk of thrombosis by causing a
bosis, without much difference for the various modes @frocoagulant state through release of humoral factors. In
travel. The risk was particularly increased for individualaddition, large tumors may cause thrombosis due to me-
with factor V Leiden, those who were obese, and users ¢iianical effects and venous obstrucfidti.Furthermore,

oral contraceptives. This analysis is part of the ‘WRIGHTthere may be less mobility due to the illness, as well as
project (WHO Research Into Global Hazards of Travelthrombogenic effects of treatmeft? Central venous cath-
This initiative combines several studies of the risks, mechaters, which are often used to administer chemotherapeu-
nisms and prevention of travel-related thrombosis, in whidits, are the most important cause of thrombosis of th&%arm,
the role of airplane cabin conditions on coagulation actand over 10% of patients with a central venous catheter
vation will also be studied. There are some data to suggestelop symptomatic venous thrombosis of the upper ex-
that mild hypoxic hypobaria, as can be found in an aitremity?!

plane at high altitude, leads to activation of the coagula- |t is a well-known observation among clinicians that
tion systent> However, a study that was conducted as pasidenocarcinomas confer a higher risk of thrombosis than
of the WRIGHT project, in which a large number of volunother types of solid tumors. However, until recently there
teers were exposed to a test condition of hypoxic hypobatigre surprisingly few data to support this notion. We con-
and a control condition of normoxic normobaria in hystructed a historical cohort of 537 patients with a first diag-
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nosis of lung carcinoma, including 133 patients with afdesogestrel, gestodene). Two progestogens are somewhat
adenocarcinoma and 258 patients with squamous cell caifferent: the anti-androgen cyproteronacetate, which is
cers2 Thrombotic risk in lung cancer patients was 20-folanainly prescribed to women with acne vulgaris, seborrhoea
higher than in the general population (CI95 14.6—-27.4). lor mild hirsutism, and drospirenone, which is an anti-min-
the group of patients with adenocarcinoma the risk aralocorticoid with anti-aldosterone and anti-androgenic
venous thrombosis, after controlling for sex, age and stagffects that inhibits ovulatiof.”
of disease, was 3-fold higher than in those with squamous Over the years the dose of estrogen in oral contracep-
cell cancer, at an annualized rate of nearly®7%. tives has been substantially reduced, from 100 pg or more
How many patients diagnosed with venous thromban the earliest preparations, to 30 pg and even lower in the
sis have cancer? In a population-based Swedish study, 18@&brently used oral contraceptives. While there is good
of patients with thrombosis had a malignancy known at trevidence that the reduction from the very high dose to
time of diagnosis, and cancer was diagnosed in the yeaoderate doses of 50 pg and 30 pg ethinylestradiol was
after the thrombotic event in an additional 5%n an accompanied by a reduction in risk of venous thrombosis,
analysis of the MEGA study, of 3220 unselected patientiis is not clear for further dose reductions, and the latest
with deep-vein thrombosis or pulmonary embolism anstudies still show a 4-fold increased risk in users versus
2131 controls, 389 of the patients (12.1%) had been diagen-userg® 788
nosed with cancer before the thrombotic event, and an- For women using oral contraceptives the absolute risk
other 35 were diagnosed with cancer in the 6 months afisrmore relevant than the relative risk. Oral contraceptives
the thrombosié! The presence of a malignancy increasedre used by young women, who have a low baseline risk of
the risk 4.3-fold compared to individuals without cancethrombosis. Therefore, even a quadrupled risk in oral con-
(C195 3.3-5.6). When information on non-participants wasaceptive users confers a rate of thrombosis that is small in
included in the analyses, this odds ratio became 6.7 (Cl@bsolute terms. The absolute risk of venous thrombosis in
5.2-8.6); many of these individuals had died before theomen of reproductive age is less than 1 per 10,000 per
examination date for the stuthyPatients with hematologi- year®* In oral contraceptive users, it becomes 2 to 3 per
cal malignancies had the highest risk of venous thromb&©,000 per yedt:%These risks are acceptably low for many
sis (OR 28.0; CI95 4.0-199.7), followed by lung canceawvomen. Nevertheless, because so many women use oral
and gastrointestinal cancer. The risk of venous thrombosisntraceptives, oral contraceptives remain the most com-
was highest in the first few months after the diagnosis afon cause of venous thrombosis in young women. Since
malignancy (OR 53.5; CI95 8.6-334.3). The presence tifrombotic events may be fatal, and when non-fatal may
distant metastases led to a further 20-fold increase in riskgifll be associated with postthrombotic syndrome, the search
thrombosis (OR 19.8; CI195 2.6-149.1). Carriers of the fader the safest oral contraceptive remains an important goal.
tor V Leiden mutation who also had cancer had a 12-fold The risk of venous thrombosis is highest during the
increased risk versus individuals without cancer and factéirst year of oral contraceptive use, reaching an absolute
V Leiden (OR 12.1; CI95 1.6-88.1), and similar resultsisk of 12 per 10,000 women per year (for second genera-

were found for the prothrombin 20210A vari&ht. tion progestogen containing oral contraceptife¥)}ow-
ever, there is no ‘duration of use’ effect: the effect is imme-
Oral contraceptives diate and reversible, i.e., returns to baseline shortly after

Oral contraceptives first went on the market in 1959, ardiscontinuation.
the first case of pulmonary embolism was reported in 1961 Both the estrogen and the progestogen content of com-
in a nurse using them for treatment of endometridsisbined oral contraceptives affect the risk of thrombosis. Start-
Shortly after, the first cases of myocardial infarction anthg in 1995, reports were published that users of oral con-
ischemic stroke in oral contraceptive users were réraceptives containing third generation progestogens (deso-
ported®®®” These early case reports have been substargestrel and gestodene) had a 2-fold higher risk of venous
ated in large controlled studies, showing that even the lowhrombosis than users of other formulations, which has sub-
dose oral contraceptives that are used today increase seguently been confirmed by several otfi&t&°The risk
risk of arterial thrombosis and venous thrombosis 2- to & again highest in the first year, with a risk of over 30 per
fold.&7s 10,000 per yedt.

Combined monophasic oral contraceptives, consist- Estrogens markedly affect the coagulation system,
ing of a constant daily dose of a combination of an estrosth increased levels of procoagulant factors VII, IX, X, XII
gen and a progestogen, are the most commonly prescrilzet! XlII, and reduced concentrations of the anticoagulant
form of birth control pills. The progestogen is the antifactors protein S and antithrombin. The overall effect is a
ovulatory agent. The estrogen content in almost all casesndd prothrombotic state. This overall effect is most clearly
ethinylestradiol, while the progestogen content haseen in studies of global tests of hemostasisaicéivated
changed over the years, from first generation progestogepsotein C (APC)-resistance and thrombin generation
which are no longer used, to second generation progestests®-* Many of the effects on the coagulation system
gens (levonorgestrel), to third generation progestogease more pronounced in oral contraceptives containing
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desogestrel or gestodene (third generation progestogens) The effective content of hormonal replacement therapy
than in those containing levonorgestrel (second geneiia-the estrogen. Since hormone replacement with only es-
tion progestogens), leading to a more pronouncetbgens increases the risk of endometrial cancer, it is now
prothrombotic state, as evidenced by global asdym common to combine an estrogen with a progestin, except
a crossover study in which women were exposed to a com-women without a uterus. The hormones can be adminis-
bination oral contraceptive with either levonorgestrel otered either orally or via transdermal patches. The estro-
desogestrel, and subsequently to only levonorgestrel @ens in most preparations are conjugated estrogens, while
desogestrel, it appeared that the progestogens themselhesprogestin usually is medroxyprogesterine.
did not affect the coagulation factor levels. However, the Several studies have demonstrated that hormone re-
estrogenic effects were less compensated by desogesplacement therapy increases the risk of thrombosis 2- to 4-
than by levonorgestrel in the combination preparation, leafbld.*>>*% |t has been postulated that the absence of a first-
ing to a prothrombotic staté. pass effect through the liver with transdermal administra-
Oral contraceptives that contain cyproteronacetaten might lead to less risk, but an increased risk has been
substantially increase the risk of venous thrombosis, withshown for patches, td&" 12 However, in one recent study,
higher risk even than for third generation oral contracepral administration was associated with an increased risk
tives®® There are no clear data on the safety of oral contraf venous thrombosis, and transdermal administration was
ceptives containing drospirenone, although cases of venawst 122
thrombosis have been reportéd. Virtually all studies of oral hormone replacement
Some women have a higher risk of venous thrombosdiserapy used a preparation containing equine conjugated
when using oral contraceptives than others. These are oldstrogens. In a recent case-control study the effects of con-
women, obese women, and women with prothrombotic ajugated estrogens were contrasted to those of esterified es-
normalities. Obesity itself mildly affects the risk of thrombotrogens among 586 postmenopausal women with venous
sis, with a doubling of the risk for those with a BMI over 3@hrombosis and 2268 control womEaWomen who used
kg/m?.11102Qverweight (BMI > 25 kg/if) and obese (BMI esterified estrogen had no increase in venous thrombotic
> 30 kg/nf) women have a 10-fold increased risk of thromrisk (OR 0.9; CI95 0.7-1.2) relative to non-users, while
bosis when they use oral contracepti’@Qral contracep- women taking conjugated equine estrogen had an elevated
tives also greatly increase the risk of thrombosis in familigisk of venous thrombosis (OR 1.7; CI95 1.2-23%2).
thrombophilia caused by deficiencies of protein C, protein  Once again, the risk of venous thrombosis is higher
S or antithrombirt®*%Heterozygous factor V Leiden car- shortly after therapy has start&gt?5127.12°134\/omen with
riers or prothrombin 20210A carriers have a 15- to 30-folchcreased risk are those who are older, are overweight or
increased risk of thrombosis when they use oral contraceghese, have factor V Leiden or high factor IX lewél&: 137
tives®1%High levels of several procoagulant factors (Flljn women with a previous venous thrombosis, the risk of a
FVIII, FIX, FX, FXI) confer a 2- to 3-fold increased risk recurrence becomes very high during use of postmeno-
when levels exceed the 90th percentile of the distributiggausal hormones, as was demonstrated in a randomized
in the populatio?1°These risks are increased when orarial 1%
contraceptives are used, particularly those of high levels of

factor I, factor V and factor X Pregnancy and puerperium
In a large study of over 72,000 deliveries in Scotland, 62
Hormone replacement therapy venous thrombotic events occurred, for an incidence of

Postmenopausal hormone replacement therapy has beéeep vein thrombosis and pulmonary embolism of 0.86 per
prescribed for the treatment of symptoms of menopause, 000 deliverie$®*® About one-third of these were postpar-
reduce the progression of osteoporosis, and to preventtism*® This risk of around 1 venous thrombotic event per
chemic heart disease. There is little doubt that estrogeh®00 deliveries is at least 10-fold increased compared to
relieve symptoms of menopause, although many symptomsn-pregnant wometi?4° Thrombophilic abnormalities
resolve spontaneously without therdpyProlonged use affect the risk of thrombosis during pregnancy, particularly
of estrogens reduces the progression of osteopdtdsfs, antithrombin deficiency. In the Scottish series, 12% of the
but it is unclear whether this leads to a reduced incidenpatients had antithrombin deficien¢y.

of fractures: two observational studies showed clear ef-

fects!t®17 put two recent large randomized trials yieldedAntiphospholipid antibodies

conflicting results. In the Women'’s Health Initiative (WHI), Patients with antiphospholipid antibodies, both those with
the risk of hip fractures was reduced by one-thfrdhereas systemic lupus erythematosus (half of whom have these
in the Heart and Estrogen/progestin Replacement Studgtibodies) and those with isolated antiphospholipid anti-
(HERS) no effect on fractures was obseri/&@hese and bodies, have an increased risk of thrombosis. The clinical
one other randomized trial have shown that estrogens haresentation and the risk of thrombosis varies widely be-
no beneficial effect on the occurrence of arterial disween patient$***%In the Leiden Thrombophilia Study of
easegl1e120-122 consecutive patients with a first deep vein thrombosis, a
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lupus anticoagulant was found in 3.1% of patients and 0.9fRAR] = 20%-25%). Due to the high prevalence, homozy-
of controls, yielding a relative risk of 3.6 (CI95 1.2-10%9). gous patients are not exceedingly rare, about 1 per 5000 in
The risk of thrombosis was only elevated when anti-betatBe population.

glycoprotein | antibodies could be detected, in which case

the odds ratio became 10. Prothrombin 20210A
Like factor V Leiden, prothrombin 20210A mutation is
Genetic Causes of Thrombosis quite common and is seen only in Caucasians. The muta-
tion is in the 3'-untranslated region of prothrombin at posi-
Deficiencies of natural coagulation inhibitors tion 20210 (G to A, PT20210A) and is associated with in-

Deficiencies of antithrombin, protein C, and its cofactocreased levels of prothrombi#.lt is found in 2% to 3% of
protein S are found in less than 1% of the population (anf-aucasians, again with regional variations in the preva-
thrombin deficiency in only 1 per 500831 They in- lence®1%18Among all patients with venous thrombosis it
crease the risk of thrombosis and therefore are found maseresent in 6% It increases the risk of thrombosis about
often among patients with thrombosis. However, these d&-fold, which is mediated through elevated prothrombin
ficiencies still represent only a few percent of patients withevels106.166-169
thrombosis“*®-15° Population-based studies to estimate risk
are scarce due to the low prevalence of these deficienciB&pod group
and most information has been garnered from family stud@he association between ABO blood group and the risk of
ies. However, these results should be interpreted cautiousiBnous thrombosis has been known since the late 1960s,
and not be extrapolated to a patient with one of the samith a higher risk in those with non-O blood groups than
defects who does not come from a ‘thrombophilic familythose with blood group O (2- to 4-fold increased rigk).
i.e., a family with abundant thrombosis. It has been showirhese individuals also have higher von Willebrand factor
that carriers of thrombophilic defects who come frontevels and higher factor VIII levels, and in all likelihood
thrombophilic families have a more severe phenotype attis is the mechanism by which blood group is related to
a younger age-at-onset than individuals with the same dbrombotic risk®” In the Leiden Thrombophilia Study
fects who do not come from such famili€sThrombo- (LETS) we observed that, with OO-genotypes as a refer-
philic families harbor more than one genetic defect, irence group, the risk was almost 2-fold increased for all
cluding unknown ones that may epistatically interact withon-OO genotypes (A1A1l, A1A2, A101/A102, BB/BO1/
the deficiency of a coagulation inhibitor, yielding a higheBO2, A1B/A2B), except for A201/A202/A2A2? Carri-
risk of thrombosig>2-1%s ers of non-OO0 blood group genotypes and factor V Leiden
Deficiencies of protein C, protein S and antithrombimad a 23-fold (C195 9.1-59.3) increased thrombosis risk
increase the risk of thrombosis about 10-fold in heterozgompared to subjects with OO genotypes without factor V
gotes, with the highest risk for antithrombin defi-Leiden (separate effects of non-OO genotype: OR 1.7; CI95
ciency!®01%615"Homozygous deficiencies are exceedinglyl.3-2.3, and factor V Leiden: OR 4.6; Cl 2.0-1071).
rare and lead to a life-threatening thrombotic tendency (pur-

pura fulminans) shortly after birtfg%° MTHFR 677T
A variant in the gene for methylene hydrofolate reductase
Factor V Leiden (MTHFR), which plays a role in homocysteine metabo-

First identified in 1994, factor V Leiden (factor V R506Q lism, has been shown to be associated with mildly elevated
G1691A) is the most common genetic prothrombotic ddtomocysteine level$21The variant (C677T) is common
fect, with an overall prevalence of carriers among Caucéabout 10% of the general population are homozygous car-
sians of around 5%, although there are regional differencesrs), but the elevation of homocysteine levels is so small
due to founder effect§®®! |t is found in 20% of all pa- that little effect on risk can be expectédt has been esti-
tients with venous thrombosis, and in up to 50% of pawnated that if hyperhomocysteinemia is a true cause of throm-
tients with thrombophilid® Factor V Leiden leads to re- bosis, homozygous carriers of the MTHFR 677T variant
sistance to APC-resistance as the result of the mutationhafve no more than a 16% increased risk of venous throm-
one of the cleavage sites where APC inactivates factdr Vbosis. In a recent meta-analysis of 53 studies 8364
Because inactivation of the procoagulant mutant factor ¥ases), the MTHFR 677TT genotype was associated with a
occurs less efficiently, ‘factor Va persistence’ leads to a20% (OR 1.20, CI195 1.1-1.3) higher risk of venous throm-
increased risk of thrombosi®:1%4In heterozygotes the risk bosis compared with the 677CC genotyfe.

of venous thrombosis is 3- to 8-fold increased, and in ho-

mozygotes, 50- to 80-fofd#1%4Although factor V Leiden

is a weaker risk factor than deficiencies of other natural

anticoagulants, it is also far more common. This implies

that it is responsible for a substantial proportion of all throm-

botic events in the population (population attributable risk
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Other Plasma Abnormalities Associated
with the Risk of Thrombosis

grayscale, and no longer is thrombophilia a rare disorder:
all are at risk for thrombosis, but some are more at risk than

others.

Hyperhomocysteinemia

Mildly elevated levels of homocysteine (over 18 pmol/LReferences

are associated with an increased risk of thromgésig® 1
Such levels are found in 5%-10% of the general popula-
tion and roughly double the risk of venous thrombosis.
The mechanism by which hyperhomocysteinemia affects
the risk of thrombosis is unknown. Hyperhomocysteinemia
is usually the result of acquired causes (low intake of folatg,
or vitamins B or B ;) and only rarely of heterozygous cys-~

tathionine beta-synthase (CS) deficiency, the mutation caus-

ing homocystinuria in homozygotes. 4

In the meta-analysis of homocysteine levels, MTHFR
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that a 5 pmol/L higher homocysteine level was associated
with a 27% (CI95 1%-59%) higher risk of venous throm-
bosis in prospective studies and a 60% (CI95 10%—134(%)
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Elevated clotting factor levels
When deficiencies of anticoagulant factors are risk factors
for thrombosis, one would expect likewise for high levels
of procoagulant factors. Indeed, elevated levels of fibrino-
gen, prothrombin (factor II), factor VIII, factor IX and factor®
XI, as well as of thrombin activatable fibrinolysis inhibitor
(TAFI) are all associated with an increased risk of thrombg-
Sig106-109.179.18T he risk of thrombosis is 2- to 3-fold increase
in individuals exceeding the 90th percentile of the distri-
bution of clotting factors in the general population. Fog;
most of these elevated levels, with the exception of pro-
thrombin and factor VI, it is unclear whether they are ge;
netically determined or acquired, although a combination
seems likely. For high levels of factor VIII, it has been shown
that there is familial clustering of high levels, even whep,
the blood group effect has been taken into acctitit.
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Thrombosis as a Multicausal Disease
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