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Inherited Thrombophilia: 
Past, Present, and Future Research 

Jorine S. Koenderman and Pieter H. Reitsma 
Leiden University Medical Center 

The Netherlands 

1. Introduction 

Thrombophilia is defined as a disorder of hemo stasis in which there is a tendency for the 
occurrence of thrombosis in veins or arteries due to abnormalities in blood composition, 
blood flow, or the vascular wall. The pathogenes is of venous versus arterial thrombosis is 
very distinct and these are often considered as separate diseases. The term thrombophilia is 
most often used in combination with venous thrombosis. VTE encompasses mainly deep 
vein thrombosis and pulmonary embolism.  
Venous thromboembolism is a common disease with an annual age-dependent incidence of 
1-3 individuals per 1000 per year (Naess et al, 2007). VTE is a serious disease with a thirty 
day case-fatality rate of 6.4% after a first VTE event and this rate is twice as high for 
pulmonary embolism (9.7%) than for deep vein  thrombosis (4.6%) (Naess et al, 2007). VTE 
can also lead to complications like post-thrombotic syndrome that is characterized by pain 
and ulceration.  
Although both sexes are equally affected by a first VTE, men have a more than 2-fold higher 
risk for a recurrent VTE as compared to women (Douketis et al, 2011). 
VTE is a complex common disease in which multiple risk factors, both acquired and genetic, 
are involved in the development of the disease. Many acquired risk factors have been 
identified such as surgery, immobilization, trauma, oral contraceptive or hormone 
replacement therapy use, pregnancy, malignancy, and advanced age.  
This chapter will focus on the genetic risk factor s for VTE that have been identified to date 
and the research methods that were used to identify these factors in the past as well as new 
technological innovations used for the discovery of new genetic risk factors for VTE.  

2. Past 

2.1 Thrombophilia as monogenetic disease 
In 1937, Nygaard and Brown introduced the designation “essential thrombophilia”in a 
report describing five cases of vascular disease characterized by recurrent episodes of acute 
occlusion in the large and small vessels of extremities, heart, kidney, and brain (Nygaard & 
Brown, 1937). In 1956 a survey of the literature that described a familial tendency for 
thrombosis was published that also used the term thrombophilia, now to indicate the 
hereditary nature of the disease (Jordan & Nandorff, 1956). Such a connection between 
inheritance and thrombosis was described as early as in 1911 (Schnitzler, 1926). Further 
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studies into the genetic predisposition to thromb osis at the time were hampered by the lack 
of suitable tests and limited insight in th e pathophysiology of VTE. Thrombophilia was 
considered a monogenetic disease starting with the identification of a family with hereditary 
antithrombin deficiency in 1965 (Egeberg, 1965).  
In 1969, another heritable trait was found to be associated with thrombosis risk: non-O 
blood group. Blood group O is less often seen in thrombosis patients than one of the other 
blood groups (Jick et al, 1969). Protein C and protein S deficiencies were identified as genetic 
risk factors in thrombosis patients following  the unraveling of the protein C anticoagulant 
system in the late 1970s and 1980s (Griffin et al, 1981; Schwarz et al, 1984). With 
improvement in DNA technology, mutations in the genes for antithrombin, protein C, and 
protein S that caused the deficiency states could be identified. In the 1990s activated protein 
C resistance and the Factor V Leiden mutation were discovered as well as the prothrombin 
mutation 20210G>A (Bertina et al, 1994; Poort et al, 1996). The prevalences of these known 
‘classic’ genetic risk factors are represented in table 1. 
 
 Prevalence 

Genetic risk factor General population VTE patients 
Thrombophilia 

families 
AT deficiency 0.0002-0.002% 1% 4% 
PC deficiency 0.2-0.4% 3-5% 6% 
PS deficiency 0.03-0.13% 1-5% 6% 
Factor V Leiden 1-15% 10-50% 45% 
Prothrombin 20210G>A 1-3% 6% 10% 
Non-O blood group 57% 73%  

Table 1. Prevalences of major risk factors for VTE. 

2.1.1 Antithrombin deficiency 
Antithrombin (AT) deficiency was first described  in a Scandinavian family in which several 
family members presented with thrombotic events and relatively low levels of AT in 
plasma. Heterozygous AT deficiency is a rare disorder with a prevalence of 1:500-1:5000 in 
the general population (Tait et al, 1994; Wells et al, 1994). AT deficiency is inherited as an 
autosomal dominant trait. Most cases are heterozygous and homozygous AT deficiency is 
hardly compatible with life and probably embryonic lethal. Heterozygous AT deficiency is 
observed in 4% of the thrombophilia families an d in 1% of consecutive deep vein thrombosis 
patients (Lane et al, 1996). 
DNA analyses resulted in the id entification of loss of functi on mutations in the AT gene 
(SERPINC1) in people with AT deficiency. AT defi ciency can be divided in two subtypes: 
type I (quantitative deficiency) and type II (q ualitative deficiency). Type I deficiency is 
characterized by a reduction of activity and protein levels and accounts for 80% of the 
symptomatic patients with AT deficiency. Type I deficiencies are most commonly caused by 
short deletions and insertions and to a lesser extend by point mutations. Deletions are 
scattered throughout the AT gene, but three regions are often affected (codon 81, codon 
106/107, codon 244/245). Recently, also large deletions (more than 30 bp) were identified in 
8% of the AT deficient patients by using mu ltiplex ligation-dependent probe amplification 
analysis (Luxembourg et al, 2011).  
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Type II deficiency is characterized by low activity and normal protein levels. Type II 
deficiencies result most often from single base pair substitutions that affect the reactive 
domain (type IIa) and heparin-binding domain (type IIb). Type IIc, a category including so-
called pleiotropic defects, is often caused by mutations located in the strand Ic that impair 
the function of the reactive domain (Patnaik & Moll, 2008). The Human Gene Mutation 
Database describes at present 235 different mutations in the AT gene (Stenson et al, 2009). 
Considering all known inherited thrombophilias, AT deficiency appears to lead to the 
highest risk for VTE. Risk for developing VTE depends on an individual’s family history, 
presence of other mutations, and the subtype of AT deficiency. In particular subtype IIb 
confers a lower risk than the other subtyp es (Finazzi et al, 1987). Risk estimates for 
developing VTE in the presence of AT deficiency are mainly based on family studies and 
these show a 10-20 fold increased risk (Lijfering et al, 2009; Mahmoodi et al, 2010; van Boven 
& Lane, 1997). The risk for developing a recurrent VTE is 10.5% per year without long-term 
anticoagulant treatment. With long-term antico agulant treatment it still is 2.7% per year 
(Vossen et al, 2005). 

2.1.2 Protein C deficiency 
In 1981 the first patient with protein C (PC) deficiency and recurrent venous 
thromboembolism was described (Griffin et al, 1981). The prevalence of PC deficiency in the 
general population is 0.2-0.4% and 3-5% for VTE patients, although variation is observed 
among different study populations (Franco & Reitsma, 2001).  
Homozygous or compound heterozygous PC deficiency is very rare and causes severe 
thromboembolic disease and purpura fulminans in newborns (Marlar & Mastovich, 1990). 
Heterozygous PC deficiency is more frequently observed and is associated with an 
increased risk to develop venous thromboembolism. The inheritance pattern of 
heterozygous PC deficiency is not as clear as that of AT deficiency. In general PC deficiency 
is inherited as an autosomal dominant disorder, but often with incomplete penetrance. For 
homozygous and compound heterozygous PC deficiency recessive inheritance patterns 
seems to fit better (Bafunno & Margaglione, 2010; Bereczky et al, 2010). 
PC deficiency is primarily caused by loss of function mutation in the protein C gene ( PROC). 
Mutations are very heterogeneous and the majority are single nucleotide substitutions in the 
coding regions of PROC (Bereczky et al, 2010).  
PC deficiency is generally subdivided into two types: type I (quantitative deficiency) and type 
II (qualitative deficiency). Most PC deficiencies  are type I and result mainly from single 
nucleotide substitutions in the coding regions of PROC. Type II deficiency is observed in 10-
15% of the cases and often results from missense mutations in regions encoding for the Gla-
domain, the propeptide, or the serine protease domain. In total, 275 distinct mutations in the 
PROC gene have been entered into the HGMD database (Stenson et al, 2009). However, still in 
10-30% of families with PC deficiency no mutations have been found (Koeleman et al, 1997). 
Heterozygous PC deficiency is associated with an increased risk for VTE. Risk estimates for 
the development of VTE depend on the popula tion studied and vary between a 3 and 11 
fold enhanced risk. The annual recurrent incidence rate is rather high with 5.1% in men and 
women combined. In men only, the recurrence ri sk is 10.8% per year (Vossen et al, 2005). 

2.1.3 Protein S deficiency 
Three years after the description of the first PC deficient patient, the first protein S (PS) 
deficient patient was reported. This patient also  encountered recurrent VTE. (Schwarz et al, 
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1984). The prevalence of PS deficiency in the general Caucasian population is 0.03-0.13% and 
1-5% in VTE patients, but these numbers vary between different populations (Franco & 
Reitsma, 2001). Especially in Asians, PS deficiency appears to be more prevalent than in 
Caucasians. In Asia, PS deficiency prevalences of 0.48-0.63% (general population), and 12.7% 
(VTE patients) have been claimed (Adachi, 2005). 
Homozygous or compound heterozygous PS deficiency is rare and causes similar clinical 
symptoms as homozygous or compound heterozygous PC deficiency. Almost all PS 
deficiency cases are heterozygous. Heterozygous PS deficiency is usually inherited as an 
autosomal dominant trait and the mutation  spectrum is rather heterogeneous.  
Three subtypes of PS deficiency can be distinguished: type I (low activity, total, and free PS), 
type II (low activity), and type III (low activity and free PS). Type I PS deficiency is most 
frequently observed and often a consequence of missense mutations in the protein S gene 
(PROS1). Copy number variations were found in 33% of a group of missense negative patients 
with PS deficiency (Pintao et al, 2009). These copy number variations included deletion of the 
whole PROS1 gene, partial gene deletions and partial duplications. In the Japanese population, 
one particular missense mutation, K196E, in the second EGF like domain of protein S is very 
abundant and was shown to be a risk factor for DVT (Kimura et al, 2006). 
Type II PS deficiency is diagnosed in about 5% of the cases. This type of PS deficiency is 
mainly characterized by muta tions in sequences of the PROS1 gene that encode the Gla-
domain and the EGF4-domain (Baroni et al, 2006). Type I and III deficiency often occur in 
the same family as phenotypic variants of the same genetic defect. An age-dependent 
increase of PS levels might play a role in these phenotypic expression variations (Simmonds 
et al, 1997). However, also families with only type III have been described. In the HGMD 
database 243 different mutations have been submitted at this moment.  
Heterozygous PS deficiency is associated with a 5-11.5 fold increased risk of VTE in family-
based studies, but this could not be confirmed in population-based studies (Rezende et al, 
2004). The recurrence rate is, like for PC deficiency, also higher for men (10.5%) than for 
women (3.1%). This risk is not apparent in patients using anticoagulants for a long-term 
period (Vossen et al, 2005). 

2.1.4 Blood group 
During a drug surveillance program, patients treated with anticoagulants for venous 
thromboembolism showed to have more often blood group non-O than expected. Following 
this observation, a cooperative study was performed among women from the USA, UK, and 
Sweden that developed venous thrombosis while taking oral contraceptives, during 
pregnancy or the puerperium, or at other times. This study confirmed that there was a deficit 
of patients with blood group O, and the difference was larger when venous thromboembolism 
was associated with either oral contraceptive use or pregnancy (Jick et al, 1969).  
Blood group O is associated with lower levels of von Willebrand Factor (VWF) and Factor 
VIII. Variation in plasma VWF levels were shown to be explained for 30% by ABO blood 
group (Orstavik et al, 1985). Blood group non-O is associated with a 2.6 fold increased risk 
for developing venous thrombosis. Blood grou p A is the main group responsible for the 
risk. The risk associated with VWF levels completely disappeared after adjustment for a 
particular blood group. However, the risk due to Factor VIII was not changed after 
adjustment for blood groups, which indicates that Factor VIII is an independent risk factor 
for venous thromboembolism (Tirado et al, 2005). 
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2.1.5 Activated protein C resistance and factor V Leiden 
Activated protein C resistance (APCR) was identified in 1993 as an inherited abnormality 
that was highly prevalent in VTE patients wi thin a family. In some family members, the 
activated partial thromboplastin time did not prolong by addition of activated PC to the 
plasma (Dahlback et al, 1993). This observation was referred to as activated protein C 
resistance and was later detected in 10-50% of VTE patients (Franco & Reitsma, 2001). With 
complementation tests, Bertina et al. discovered that APCR could be restored by adding 
coagulation factor V. A mutation in the factor  V gene that is responsible for the APCR was 
identified in 1994 (Bertina et al, 1994). This mutation, often called factor V Leiden, causes a 
substitution of guanosine by ad enosine at nucleotide position 1691, leading to an amino acid 
change from arginine to glutamine at position 506 of the protein. Factor V Leiden is a gain of 
function mutation because activated factor V is  less sensitive to inactivation by APC, which 
facilitates the formation of more thrombin.  
Factor V Leiden is quite prevalent in Caucasians (2-13%) (Bafunno & Margaglione, 2010), 
but varies among different geographical region s (Figure 1). The distribution of factor V 
Leiden is centered in Europe and extends into north India in the east. Factor V Leiden is 
introduced in America and Australia through em igration of Europeans. Factor V Leiden is 
prevalent in Europe and America,  but also in Saudi Arabia and Israel. The mutation is rare 
in native populations from Eastern Asia, Afri ca, and America. In Basques and Inuit’s from 
Greenland factor V Leiden is nearly absent. These populations represent autochthonous 
European groups that show limited mixing wi th other Europeans populations. Based on the 
worldwide distribution of the prevalences of factor V Leiden a single origin for this 
mutation has been hypothesized. Also haplotype analysis supports this hypothesis and 
factor V Leiden is therefore thought to be an founder mutation that occurred about 21,000 to 
30,000 years ago (Zivelin et al, 1997). The factor V Leiden mutation might have arisen after 
the separation of Orientals and Caucasians as clear differences among races have been 
observed. (Bauduer & Lacombe, 2005; Herrmann et al, 1997; Rees, 1996) 
In Europeans, factor V Leiden is the most common genetic defect involved in the etiology of 
VTE. Factor V Leiden is an autosomal dominant trait and heterozygotes have a 5 fold 
increased risk to develop VTE, while homozygo tes have a 50 fold increased risk (Koster et 
al, 1993; Rosendaal et al, 1995).  
Studies of the risk of developing recurrent venous thrombosis in the presence of factor V 
Leiden showed contradicting results. Most studies do not find an increased risk as 
compared to mutation negative subjects (Christiansen et al, 2005; De Stefano et al, 1999; 
Eichinger et al, 2002). Some studies found only an increased risk in men but not in women 
(Ridker et al, 1995; Vossen et al, 2005). 

2.1.6 Prothrombin 20210G>A 
The second most prevalent genetic abnormality causing thrombophilia was identified by a 
candidate gene approach in 1996 in patients from families with unex plained thrombophilia 
(Poort et al, 1996). This mutation is located in the 3’-untranslated region of the prothrombin 
gene, at position 20210. The nucleotide change from a guanosine to an adenosine causes no 
amino acid change, but probably positively affects polyadenylation and thereby increasing 
the mRNA and protein expression leading to  increased plasma levels of prothrombin 
(Leitner et al, 2008). In heterozygous carriers the plasma levels of prothrombin are increased 
with 30% and in homozygous carriers with 70% (Bafunno & Margaglione, 2010). 
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Prothrombin 20210G>A is inherited as an autosomal dominant trait and is almost only 
observed in Caucasians from Europe. Outside Europe, only one case was observed in India 
(Rees et al, 1999). This mutation is found in 1-3% of the general population, in 6% of VTE 
patients, and in 10% of probands from thrombophilic families (Franco & Reitsma, 2001). 
This mutation was also suggested to originate from a single mutation al event that occurred 
after the divergence of Africans from non- Africans and of Caucasoid from Mongoloid 
subpopulations, like the Factor V Leid en mutation (Zivelin et al, 1998).  
Risk for venous thromboembolism is 2-5 fold increased in the presence of the prothrombin 
20210G>A mutation. In combination with the Fa ctor V Leiden mutation, risk showed a 
multiplicative effect and results in a 20 fold increased risk for VTE (Emmerich et al, 2001). 
Recurrence risk for VTE is not increased (Margaglione et al, 1999). 
 

 
Fig. 1. World distribution of prevalences of factor V Leiden. 

2.1.7 Fibrinogen �� variants 
Fibrinogen consists of 3 polypeptides, A�Â, B�Ã, and �Ä, which are encoded by three separate 
genes. The gene for the fibrinogen �Ä polypeptide encodes two isoforms. The major mRNA 
form contains all 10 exons whereas the minor form (�Ä’) is the result of alternative splicing 
and includes intron 9 (de Moerloose et al, 2010). Approximately 10% of fibrinogen contains 
the minor isoform and this fibrinogen bears a high-affinity nonsubstrate-binding site for 
thrombin, which can cause an inhibition of  thrombin activity (Mosesson, 2003).  
Elevated levels of fibrinogen are associated with a 4 fold increased risk to develop a VTE 
(Kamphuisen et al, 1999), possibly by enhancing blood viscosity and pl atelet aggregation. 
An association study investigating linkage of haplotypes of the three fibrinogen genes 
showed that haplotype H2 of the FGG gene was associated with an increased risk for deep 
vein thrombosis (Uitte de Willige et al, 2005). This haplotype was also associated with 
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reduced fibrinogen �Ä’ levels and fibrinogen �Ä’ / total fibrinogen ratio, but not with 
fibrinogen levels. The risk conferred by this  haplotype was proposed to result from SNP 
10034C>T (rs2066865). About 6% of individuals carry the variant 10034C>T and this 
increases the risk for VTE two-fold in Caucasians (de Moerloose et al, 2010; Grunbacher et 
al, 2007; Uitte de Willige et al, 2009). In African Americans variant 10034C>T only increases 
the VTE risk marginally (Uitte de Willige et  al, 2009). Variant 10034C>T is located in a GT-
rich sequence region at the 3’-untranslated region of the FGG gene, which contains a 
putative cleavage stimulation factor binding site and is involved in the regulation of the 
polyadenylation signals (Uitte de Willige et al, 2007). Another variant, 9340T>C, was 
discovered to reduce VTE risk in Caucasians but not in African Am ericans. Variant 9340T>C 
reduces the risk approximately two-fo ld (Uitte de Willige et al, 2009). 

3. Present 

3.1 Thrombophilia as ol igogenetic disease 
With the discovery of deficiencies of protein S, protein C, and antithrombin, VTE was first 
suggested to be a monogenetic disease. However, in particular protein C deficiency 
showed variability in penetrance of the thrombotic phenotype within and between 
families, suggesting that additi onal genetic risk factors were present in these thrombosis 
prone families. This notion was confirmed with the finding of APC resistance. Individuals 
from families with protein S, protein C, or antithrombin deficiency but also APC 
resistance had a higher risk for VTE when they inherited combined defects rather than 
only one defect (Koeleman et al, 1994; van Boven et al, 1996). Thus, the penetrance of 
thrombosis increases in these protein C deficient families after introduction of the factor V 
Leiden allele in the pedigree (Brenner et al, 1996). Carriers of combinations of defects also 
presented with thrombosis earlier in life and more frequently. The same was observed in 
protein S deficient families, where combined defects of the protein S gene and either the 
Factor V Leiden mutation or the prothrombin 20210G>A were found in 40% (Koeleman et 
al, 1995; Zoller et al, 1995) and 30% (Castaman et al, 2000) of families, respectively. As a 
result, thrombophilia was then suggested to be an oligogenetic disease in which inherited 
predisposition results from 2 or more mutations in genes involved in blood clotting 
(Miletich et al, 1993). 
The heritability of VTE was investigated in fam ily and twin studies resulting in an estimated 
heritability of 50-60% (Heit et al, 2004; Larsen et al, 2003; Souto et al, 2000a). Heritability was 
also determined for individual coagulation factors involved in clot formation, like 
prothrombin (49-57%), factor V (44-62%), and von Willebrand Factor (34-75%) (de Lange et 
al, 2001; Souto et al, 2000b). In addition, 20-30% of consecutive VTE patients report one or 
more first-degree family members with VTE (H eijboer et al, 1990; van Sluis et al, 2006). 
These findings reaffirm that genetic risk factors do play an important role in the 
development of VTE. 
An important question in the field remains whether there are a multitude of genetic risk 
factors that remain to be identified. In 13% of thrombophilia families already two or more 
genetic risk factors have been identified. In 60% and 27% of families 1 or no genetic factor 
was found, respectively (Bertina, 2001). This firmly suggests that we are still ‘missing’ 
genetic risk factors that predispose to venous thromboembolism. 
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patients, and in 10% of probands from thrombophilic families (Franco & Reitsma, 2001). 
This mutation was also suggested to originate from a single mutation al event that occurred 
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The heritability of VTE was investigated in fam ily and twin studies resulting in an estimated 
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development of VTE. 
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Thrombophilia 

��

10

3.2 Investigation of unexplained heritability 
After establishing high levels of heritability in many complex diseases, including VTE, 
investigators concluded that many genetic risk factors remained to be discovered. New 
hypotheses were formulated to explain in whic h part of the genome sequence these missing 
genetic risk factors were to be found. One of these hypotheses was the ‘common disease 
common variant (CDCV) hypothes is’. The CDCV hypothesis states that several common 
allelic variants - with appreciable frequency in the population and low penetrance - would 
account for the genetically determined variance in disease susceptibility of complex diseases 
like VTE. The central idea behind the CDCV hypothesis is that variants causing common 
diseases are reasonably frequent in the population, ranging from 1-10% (Collins et al, 1998; 
Lander, 1996). Other premises of this hypothesis are that the original mutation arose more 
than 100,000 years ago and that the model included absence of selection for or against these 
variants to make it possible for the variants to  persist at a high frequency in the population. 
Evolutionary data suggests a proliferation of the human population from a rather small 
group of founders to 6 billion plus and this would be supplementary evidence for the CDCV 
theory. The mutation spectrum  was likely to be narrow in the founders and a specific 
mutant could remain quite common during an  expansion of the population (Iyengar & 
Elston, 2007). 
Before the introduction of the CDCV hy pothesis, new genetic determinants were 
investigated by linkage studies. Whole genome linkage studies have been performed in 
family studies with mini- and microsatellite markers, but later also with single nucleotide 
polymorphisms (SNPs). Linkage analysis assumes that many families share defects in the 
same locus, while there often is considerable locus heterogeneity in complex diseases, which 
will dilute linkage signals. Therefore, associ ation studies of unrelated individuals using 
genotyping of a large set of single nucleotide polymorphisms (SNPs) are more appropriate 
to use for complex diseases. This approach is directly based on the CDCV hypothesis. With 
the finishing of the Human Genome Project (Collins et al, 2003) and the International 
HapMap Project (The International HapM ap Consortium, 2005) and technological 
improvements, like microarrays, more genome wide association studies (GWAS) became 
feasible.  
In the human genome around 20 million SNPs have been identified and validated (NCBI 
dbSNP Build 132). DNA sequences are inherited in blocks with high linkage disequilibrium. 
The pattern of SNPs in a block is called a haplotype. These blocks may contain a large 
number of SNPs, but determining only a few SNPs, so-called tagSNPs, are required to 
identify the haplotypes in a block. Especial ly the HapMap data has been employed as a 
source of information about haplotypes in  different populations and tagSNPs. These 
tagSNPs were used in GWAS studies to examine genomes for association with a certain 
phenotype.  
A GWAS study should be designed very carefully to prevent bias and other problems in the 
subsequent analyses. The study populations most used in GWASs are case-control studies. 
Cases and controls should have the same ethnicity and geographical background to avoid 
false positive results due to population-stratificat ion. For case inclusion, strict criteria should 
be taken into account to prevent inclusion of  phenocopies within the study population.  
Type I errors, i.e. false-positive results, can be avoided by choosing an appropriate 
significance level. In GWAS studies, multiple tests are performed and the significance levels 
should be corrected for these multiple comparisons. One way is to apply the Bonferroni 
correction, which adjusts the significance level dependent on the number of independent 
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comparisons that were performed (Johnson et al, 2010; Risch & Merikangas, 1996). The 
Bonferroni correction might be too strict when tested SNPs are in linkage disequilibrium 
and therefore should not be considered as independent comparisons. Type II errors, false 
negative results, can be avoided by using large sample sizes.  
Positive results should be replicated in at least 2 other populations. The effect size and 
significance of a positive result is often overestimated in the first study. As a consequence, to 
replicate a claim, the sample size of the replication studies should be therefore larger than 
the original GWAS study.  
The CDCV hypothesis was not accepted by the whole field. Opponents argued that in many 
complex diseases already a spectrum of disease associated rare variants had become known 
in direct contradiction of the CDCV hypothesis  which states that only a few variants would 
account for the risk in complex diseases (Pritchard, 2001). 
The alternative hypothesis put forward by opponents of the CDCV hypothesis was the 
‘common disease rare variant hypothesis (CDRV)’ that argues that multiple rare variants, 
with relatively high penetrance, are the major contributors to genetic susceptibility to 
complex diseases. The rare variants would be more important because they were more 
likely to be functional or have phenotypic ef fects (Gorlov et al, 2008; Pritchard, 2001; Schork 
et al, 2009). Also the observation of familial clustering of complex diseases strengthened the 
CDRV hypothesis (Schork et al, 2009). This hypothesis gained increasing support when the 
genetic variation found with GWAS studies explained collectively only a small fraction of 
the heritability of any disease in the population. 
GWAS studies are not powered for the detection of rare variants. The only strategy available 
to identify such rare variants is to sequence DNA directly, either in candidate genes or 
whole genome. To perform large studies with conventional Sanger sequencing is very 
costly, time consuming, and impossible in practi se. With the introduction of next generation 
sequencing technologies, high-throughput sequencing of many genes became feasible and at 
a reasonably price.  
Next generation sequencing can be used for de novo sequencing and re-sequencing 
purposes. For humans, re-sequencing is used because the reference sequence is already 
known from the Human Genome project (Collins et al, 2003) and will be further improved 
by the 1000 Genomes Project (The 1000 Genomes Project Consortium, 2010), which just 
finished the pilot study at the end of 2010.  
Next generation sequencing was first used for targeted re-sequencing of candidate genes in 
just a few subjects. Nowadays, also whole exome sequencing can be performed for a 
reasonable price, although the samples sizes in most studies are still limited. The best, non-
hypothesis driven, method would be whole genome sequencing, but this is still quite 
expensive especially when using large sample sizes.  
Targeted re-sequencing of candidate genes was initially executed by first amplifying the 
target sequences by PCR and then sequence these PCR products with a next generation 
sequencer. The PCR steps are very time consuming and to accelerate the whole sample 
preparation process, a new method was developed: target enrichment. This method uses 
predesigned probes to enrich the DNA for the selected target genes and wash away 
remaining non-selected DNA sequences. 
Next generation sequencers are improving constantly and are generating more and more 
reads with increasing read length. As a consequence, the total data output from one 
sequencing run is increasing and all these data need to be analyzed. The data analysis of the 
sequencing reactions remains a challenge. Especially the distinction of sequencing errors 
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sequencing technologies, high-throughput sequencing of many genes became feasible and at 
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Next generation sequencing was first used for targeted re-sequencing of candidate genes in 
just a few subjects. Nowadays, also whole exome sequencing can be performed for a 
reasonable price, although the samples sizes in most studies are still limited. The best, non-
hypothesis driven, method would be whole genome sequencing, but this is still quite 
expensive especially when using large sample sizes.  
Targeted re-sequencing of candidate genes was initially executed by first amplifying the 
target sequences by PCR and then sequence these PCR products with a next generation 
sequencer. The PCR steps are very time consuming and to accelerate the whole sample 
preparation process, a new method was developed: target enrichment. This method uses 
predesigned probes to enrich the DNA for the selected target genes and wash away 
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sequencing run is increasing and all these data need to be analyzed. The data analysis of the 
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from real mutations is difficult and is best served by using a high coverage level, i.e. the 
same sequence is analysed multiple times. However, PCR errors that originated in the 
sample preparation phase cannot always be distinguished from real  mutations and this 
problem is not solved by using higher covera ge levels. Therefore, findings from next 
generation sequencing still have to be confirmed with Sanger sequencing. 
In the next three sections, some genome wide linkage analysis studies, GWAS studies, and 
high-throughput sequencing studies in the field of thrombophilia will be discussed. High-
throughput sequencing results for VTE are not available and therefore we will discuss some 
results from other complex diseases. 

3.3 Results from genome wide linkage studies 
Several genome wide linkage studies have been performed for venous thromboembolism. 
The first one was executed in the Genetic Analysis of Idiopathic Thrombophilia (GAIT) 
study (Souto et al, 2000a). The GAIT study consists of 21 extended Spanish pedigrees. 
Twelve of these families were selected through probands with idiopathic thrombophilia. 
The other 9 families were selected irrespective of any phenotype. Several genome scans 
were performed in the GAIT study. For the first scan 363 microsatellite markers were 
genotyped (Soria et al, 2002) while 485 microsatellite markers were used in the second scan 
(Lopez et al, 2008). Later, a scan employing 307,984 SNPs was performed (Buil et al, 2010; 
Malarstig et al, 2009). The investigators focussed on associations between genetic markers 
and intermediate phenotypes of VTE, like lipop rotein(a) levels (Lopez et al, 2008), factor XII 
levels (Soria et al, 2002), total plasma homocysteine (Malarstig et al, 2009), and C4BP plasma 
levels (Buil et al, 2010). In these studies quantitative trait loci were discovered, but these loci 
often included the structural gene for the inve stigated intermediate phenotype. The studies 
investigating total plasma homocysteine and C4BP plasma levels were combinations of 
linkage and association studies. In one of these, associations were found for SNPs near the 
ZNF366 gene and the PTPRD gene, which might suggests novel pathways for homocysteine 
metabolism. 
The second main genome wide linkage analysis was performed in the Kindred Vermont II 
study, which includes a single large pedigree with a high rate of VTE, partly due to type I 
protein C deficiency resulting from a single muta tion in the protein C gene. Only a subset of 
the carriers of this mutation experienced a VTE and therefore a genome scan was performed 
including 375 microsatellite markers to investig ate the presence of a second thrombophilic 
mutation in this pedigree (Hasstedt et al, 2004). Three potential gene loci were found and 
109 genes within these loci were re-sequenced. Only one SNP in the CADM1 gene was 
associated with VTE, but this association was limited to the subjects with PC deficiency 
(Hasstedt et al, 2009). 
The GENES study included 22 families with unexplained thrombophilia (Wichers et al, 
2009). Families were included through a proband with VTE and absence of known 
thrombophilic defects. This study found that the endogenous thrombin potential (ETP) was 
associated with VTE and therefore ETP was used as an intermediate phenotype for VTE. 
However, the heritability of ETP was mainly caused by only one large family (128 
individuals). In this family, a genome wide li nkage scan was performed for quantitative trait 
loci influencing ETP and other coagulation and fibrinolysis variables (Tanck et al, 2011). The 
highest LOD score (4.8) for PC levels was found on chromosome 20q11. Candidate gene 
analysis revealed that a locus of the PROCR gene is a genetic determinant for PC levels, as 
well as for soluble EPCR levels (Pintao et al, 2011).  
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3.4 Results from genome wide association studies 
The first large scale association analysis for VTE had a multistage design (Bezemer et al, 
2008). In the first stage 19,682 SNPs, selected based on their potential affect on gene function 
or expression, were genotyped in pooled DNA samples from the Leiden Thrombophilia 
Study (LETS), including 443 cases and 453 controls. This resulted in 1,206 SNPs that were 
significantly associated with VTE. These 1,206 SNPs were then replicated in pooled DNA 
samples from a subset of the Multiple Environmental and Genetic Assessment of Risk 
Factors for Venous Thrombosis (MEGA) study (1,398 cases and 1,757 controls). 104 SNPs 
were significantly associated with VTE in  this population and these SNPs were 
subsequently genotyped in both populations again, but now in the individual samples. 18 
SNPs remained associated and were replicated in another subset of the MEGA study. 
Eventually, four SNPs located in the CYP4V2/KLKB1/F11 gene cluster and GP6 and 
SERPINC1 genes were consistently associated with VTE, as well as one SNP in the FV gene 
(Bezemer et al, 2010). Odds ratio’s ranged from 1.10-1.49. 
The second large-scale association analysis was a genome wide study, including 317,139 
SNPs (Tregouet et al, 2009). These SNPs were genotyped in 453 cases and 1,327 controls and 
the significant results were replicated in two independent case-control studies. This study 
only found consistently associated SNPs with VTE in two known VTE susceptibility genes: 
FV and ABO blood group genes. The same authors also attempted to replicate the significant 
results found by Bezemer et al. in the two replication populations and confirmed the 
associations in the genes CYP4V2 and GP6.  
A genome wide association study investigating the intermediate phenotype plasma protein 
C levels was performed in a large population of individuals from European ancestry in the 
Atherosclerosis Risk in Communities (ARIC)  study (Tang et al, 2010). In this study 
approximately 2.5 million SNPs were genotype d in 8048 subjects. Plasma protein C levels 
were associated with SNPs in the genes GCKR, PROC, PROCR, and EDEM2. All 4 loci were 
confirmed in a replication study including 1376 subjects. A fifth locus in gene BAZ1B was 
identified after pooling of the original  study and replication study results.  

3.5 High-through put sequencing results for complex diseases 
High-throughput sequencing technology was firs t used to sequence a limited number of 
candidate genes. The first study that published next generation sequencing driven data 
investigated 10 candidate genes in type I diabetes (Nejentsev et al, 2009). These candidate 
genes were chosen based on positive association signals found in these genes with a GWAS. 
Exons and regulatory sequences of the 10 genes were sequenced in pools of DNA of 48 
subject and 480 cases and 480 controls in total. Four rare variants were found in the gene 
IFIH1. Association analysis in over 30,000 participants showed that these variants were 
associated with a reduced risk with odds ratio’s of 0.51-0.74.  
Targeted re-sequencing was also performed for two intervals including the two candidate 
genes, FAAH and MGLL, for extreme obesity (Harismendy et al, 2010). These intervals were 
sequenced in 142 obese people and 147 controls. Rare variants were found in or near 
promoter sequences and other regulatory elements like transcriptional  enhancers of these 
genes. The intervals including rare variants were associated with extreme obesity. Most of 
these variants had minor allele frequencies of <0.01. 
For autism, whole exome sequencing was performed in 20 patients and their parents 
(O'Roak et al, 2011). Twenty-one de novo mutations were identified and 11 of these were 
protein altering. Most of the protein altering  mutations were found in highly conserved 
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loci influencing ETP and other coagulation and fibrinolysis variables (Tanck et al, 2011). The 
highest LOD score (4.8) for PC levels was found on chromosome 20q11. Candidate gene 
analysis revealed that a locus of the PROCR gene is a genetic determinant for PC levels, as 
well as for soluble EPCR levels (Pintao et al, 2011).  
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3.4 Results from genome wide association studies 
The first large scale association analysis for VTE had a multistage design (Bezemer et al, 
2008). In the first stage 19,682 SNPs, selected based on their potential affect on gene function 
or expression, were genotyped in pooled DNA samples from the Leiden Thrombophilia 
Study (LETS), including 443 cases and 453 controls. This resulted in 1,206 SNPs that were 
significantly associated with VTE. These 1,206 SNPs were then replicated in pooled DNA 
samples from a subset of the Multiple Environmental and Genetic Assessment of Risk 
Factors for Venous Thrombosis (MEGA) study (1,398 cases and 1,757 controls). 104 SNPs 
were significantly associated with VTE in  this population and these SNPs were 
subsequently genotyped in both populations again, but now in the individual samples. 18 
SNPs remained associated and were replicated in another subset of the MEGA study. 
Eventually, four SNPs located in the CYP4V2/KLKB1/F11 gene cluster and GP6 and 
SERPINC1 genes were consistently associated with VTE, as well as one SNP in the FV gene 
(Bezemer et al, 2010). Odds ratio’s ranged from 1.10-1.49. 
The second large-scale association analysis was a genome wide study, including 317,139 
SNPs (Tregouet et al, 2009). These SNPs were genotyped in 453 cases and 1,327 controls and 
the significant results were replicated in two independent case-control studies. This study 
only found consistently associated SNPs with VTE in two known VTE susceptibility genes: 
FV and ABO blood group genes. The same authors also attempted to replicate the significant 
results found by Bezemer et al. in the two replication populations and confirmed the 
associations in the genes CYP4V2 and GP6.  
A genome wide association study investigating the intermediate phenotype plasma protein 
C levels was performed in a large population of individuals from European ancestry in the 
Atherosclerosis Risk in Communities (ARIC)  study (Tang et al, 2010). In this study 
approximately 2.5 million SNPs were genotype d in 8048 subjects. Plasma protein C levels 
were associated with SNPs in the genes GCKR, PROC, PROCR, and EDEM2. All 4 loci were 
confirmed in a replication study including 1376 subjects. A fifth locus in gene BAZ1B was 
identified after pooling of the original  study and replication study results.  

3.5 High-through put sequencing results for complex diseases 
High-throughput sequencing technology was firs t used to sequence a limited number of 
candidate genes. The first study that published next generation sequencing driven data 
investigated 10 candidate genes in type I diabetes (Nejentsev et al, 2009). These candidate 
genes were chosen based on positive association signals found in these genes with a GWAS. 
Exons and regulatory sequences of the 10 genes were sequenced in pools of DNA of 48 
subject and 480 cases and 480 controls in total. Four rare variants were found in the gene 
IFIH1. Association analysis in over 30,000 participants showed that these variants were 
associated with a reduced risk with odds ratio’s of 0.51-0.74.  
Targeted re-sequencing was also performed for two intervals including the two candidate 
genes, FAAH and MGLL, for extreme obesity (Harismendy et al, 2010). These intervals were 
sequenced in 142 obese people and 147 controls. Rare variants were found in or near 
promoter sequences and other regulatory elements like transcriptional  enhancers of these 
genes. The intervals including rare variants were associated with extreme obesity. Most of 
these variants had minor allele frequencies of <0.01. 
For autism, whole exome sequencing was performed in 20 patients and their parents 
(O'Roak et al, 2011). Twenty-one de novo mutations were identified and 11 of these were 
protein altering. Most of the protein altering  mutations were found in highly conserved 
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amino acid residues. Potentially causative mutations were identified in 4 of the more 
severely affected subjects of the probands in the genes FOXP1, GRIN2B, SCN1A, and 
LAMC3. 

4. Future directions 

Future research of genetics for venous thrombosis and other complex diseases will be 
largely based on the technologies that are now becoming available. When the costs to 
perform high-throughput sequencing experiments decline further, larger populations can be 
sequenced, as well as larger regions of the genome. Nowadays, it is already possible to 
capture the whole exome of the human genome for sequencing, but this is still too expensive 
to be performed in larger study populations. The ultimate goal is to sequence the whole 
human genome. This would be the most unbiased method to investigate genetic risk factors, 
because there is no assumption made about the location of variants in the genome or any 
pathway that is involved in VTE. Sequencers can generate an increasing amount of data, but 
the limiting factor now is the data analysis and the interpretation of the results for the 
disease under investigation. Improvements are stil l required in this field to support research 
of rare variants in complex diseases. 
Rare variants are probably not the only biolog ical elements that account for the unexplained 
heritability for VTE. Future research should al so focus on other mechanisms that influence 
gene regulation and gene expression. Non-coding RNA molecules can be involved in 
chromatin modification, transcr iptional regulation, and tran slational efficiency. Genetic 
variability and expression of these non-codi ng RNA might also have an effect on the 
development of diseases. Epigenetic mechanisms, like DNA methylation, also participate in 
the regulation of gene expression in a heritable manner. These epigenetic changes are 
already associated with the aetiology of some diseases, like cancer, diabetes, and 
neurological disorders. Furthe rmore, it might be worthwhile to use pathway directed 
methods in the investigation of complex dise ases. Variability in biological systems as a 
whole might be more important due to gene-gene interactions than the genetic variability in 
separate candidate genes in isolation and this might also be the reason why replication of 
results of association studies of candidate genes often fails.    
If we get more insight from these data into the genetic architecture of venous 
thromboembolism and the pathways that are impo rtant in the development of this disease, 
personalized prediction and management might become reality. 

5. Conclusion 

Early studies of genetic risk factors for venous thromboembolism have revealed several 
genetic variations like the factor V Leiden and the prothrombin muta tion, which increase 
the risk of developing venous thromboembolism. Based on studies in thrombophilia 
families that were showing variability in pene trance of the phenotype, thrombophilia was 
proposed to be an oligogenetic disease. However, the established genetic risk factors do not 
explain the total heritability for venous thro mboembolism, suggesting that genetic risk 
factors remain to be discovered. Association studies have attempted to make such 
discoveries by searching for common susceptibility variants, but the contribution of these 
studies have been limited. Other studies have to be performed to find new genetic 
determinants for venous thromboembolism. The mo st recent hypothesis is that unique, rare 
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variants can explain much of the genetic susceptibility for VTE. With the introduction of 
high-throughput sequencing technology, rare va riants can now be directly identified by 
candidate gene or whole exome sequencing approaches. The data analysis remains the 
biggest challenge of these types of studies. The most appropriate and unbiased method to 
determine new genes and pathways involved in disease would be a whole genome 
sequencing approach, but financially it is not yet possible to do this in large study 
populations. Although the focus of research in complex diseases is now mostly on rare 
variants, we have to realize that the unexplained heritability for venous thromboembolism 
might also reside in other elements that do not change the DNA sequence, but influence 
gene expression and regulation through other biological mechanisms. 
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1. Introduction 

�7�K�U�R�P�E�R�S�K�L�O�L�D�����7�)�����L�V���G�H�I�L�Q�H�G���D�V���D�Q���L�Q�K�H�U�L�W�H�G���R�U���D�F�T�X�L�U�H�G���W�H�Q�G�H�Q�F�\���W�R���G�H�Y�H�O�R�S���W�K�U�R�P�E�R�V�L�V����
�7�)�� �F�U�H�D�W�H�V�� �D�� �V�W�D�W�H�� �R�I�� �K�\�S�H�U�F�R�D�J�X�O�D�E�L�O�L�W�\���� �L���H���� �K�D�H�P�R�V�W�D�V�L�V�� �D�F�W�L�Y�D�W�L�R�Q�� �Z�L�W�K�R�X�W�� �D�F�W�X�D�O�� �F�O�R�W��
�I�R�U�P�D�W�L�R�Q���Z�K�L�F�K���F�D�Q���E�H���G�H�W�H�F�W�H�G��in vitro���E�\���V�S�H�F�L�I�L�F���O�D�E�R�U�D�W�R�U�\���W�H�F�K�Q�L�T�X�H�V�����7�K�U�R�P�E�R�V�L�V���D�V���D��
�F�O�L�Q�L�F�D�O�� �S�K�H�Q�R�P�H�Q�R�Q���� �K�R�Z�H�Y�H�U���� �R�Q�O�\�� �R�F�F�X�U�V�� �Z�K�H�Q�� �W�K�H�� �E�D�O�D�Q�F�H�� �E�H�W�Z�H�H�Q�� �S�U�R���F�R�D�J�X�O�D�Q�W�� �D�Q�G��
�D�Q�W�L���F�R�D�J�X�O�D�Q�W�� �H�O�H�P�H�Q�W�V�� �R�I�� �K�D�H�P�R�V�W�D�V�L�V�� �L�V�� �G�L�V�U�X�S�W�H�G�� �W�R�� �V�X�F�K�� �D�Q�� �H�[�W�H�Q�W�� �W�K�D�W�� �L�W�� �O�H�D�G�V�� �W�R�� �F�O�R�W��
�I�R�U�P�D�W�L�R�Q���L�Q���W�K�H���F�L�U�F�X�O�D�W�L�Q�J���E�O�R�R�G������
�7�)���L�V���P�R�V�W���F�R�P�P�R�Q�O�\���D�V�V�R�F�L�D�W�H�G���Z�L�W�K���D�Q���L�Q�F�U�H�D�V�H�G���U�L�V�N���R�I���W�K�U�R�P�E�R�V�L�V���L�Q���W�K�H���Y�H�Q�R�X�V���V�\�V�W�H�P����
�L���H�����Y�H�Q�R�X�V���W�K�U�R�P�E�R�H�P�E�R�O�L�V�P�����9�7�(�������9�7�( �L�V���D �F�R�P�P�R�Q���G�L�V�H�D�V�H���Z�L�W�K���D�Q���D�Q�Q�X�D�O���L�Q�F�L�G�H�Q�F�H���R�I��
�D�E�R�X�W�� ���� �F�D�V�H�� �S�H�U�� ���������� �S�H�U�V�R�Q���\�H�D�U�V�� �D�Q�G�� �L�V�� �D�� �F�D�X�V�H�� �R�I�� �V�X�E�V�W�D�Q�W�L�D�O�� �P�R�U�E�L�G�L�W�\�� �D�Q�G�� �P�R�U�W�D�O�L�W�\��
�Z�R�U�O�G�Z�L�G�H�� ���:�K�L�W�H���� �������������� �� �)�X�U�W�K�H�U�P�R�U�H���� �L�W�� �L�V�� �D���F�K�U�R�Q�L�F�� �G�L�V�H�D�V�H�� �W�K�D�W���R�I�W�H�Q�� �U�H�F�X�U�V���� �$�� �W�K�L�U�G�� �R�I��
�S�D�W�L�H�Q�W�V�� �Z�L�W�K�� �I�L�U�V�W���9�7�(���� �H�[�S�H�U�L�H�Q�F�H�� �D�� �U�H�F�X�U�U�H�Q�F�H�� �Z�L�W�K�L�Q�� �W�K�H�� �Q�H�[�W�� ���� �W�R�� ���� �\�H�D�U�V���� �5�H�F�X�U�U�H�Q�F�H�� �L�V��
�E�H�V�W���S�U�H�Y�H�Q�W�H�G���V�L�Q�F�H���L�W���L�V���I�D�W�D�O���L�Q�����������R�I���S�D�W�L�H�Q�W�V���D�Q�G���O�D�W�H���V�H�T�X�H�O�D�H�����V�X�F�K���D�V���S�R�V�W���W�K�U�R�P�E�R�W�L�F��
�V�\�Q�G�U�R�P�H���� �D�U�H�� �D�O�V�R�� �Y�H�U�\�� �F�R�P�P�R�Q�� ���6�F�K�X�O�P�D�Q�� �H�W�� �D�O���� �������������� �7�K�H�� �V�W�D�Q�G�D�U�G�� �W�U�H�D�W�P�H�Q�W�� �I�R�U�� �D�F�X�W�H��
�9�7�(�� ���X�Q�I�U�D�F�W�L�R�Q�D�W�H�G�� �R�U�� �O�R�Z���P�R�O�H�F�X�O�D�U���Z�H�L�J�K�W���K�H�S�D�U�L�Q���� �I�R�O�O�R�Z�H�G�� �E�\�� �Y�L�W�D�P�L�Q�� �.�� �D�Q�W�D�J�R�Q�L�V�W�V��
�I�R�U���D�W���O�H�D�V�W���V�H�Y�H�U�D�O���P�R�Q�W�K�V�����U�H�G�X�F�H�V���W�K�H���U�L�V�N���R�I���U�H�F�X�U�U�H�Q�F�H���E�\���������W�R���������������.�H�D�U�R�Q���H�W���D�O������������������
�$�O�W�K�R�X�J�K���L�G�H�D�O�O�\���D�O�O���S�D�W�L�H�Q�W�V���V�K�R�X�O�G���U�H�F�H�L�Y�H���O�R�Q�J���W�H�U�P���W�U�H�D�W�P�H�Q�W���Z�L�W�K���Y�L�W�D�P�L�Q���.���D�Q�W�D�J�R�Q�L�V�W�V��
�W�R���U�H�G�X�F�H���W�K�H���U�L�V�N���R�I���U�H�F�X�U�U�H�Q�F�H�����R�Q�H���K�D�V���W�R���E�H�D�U���L�Q���P�L�Q�G���W�K�H�����������������D�Q�Q�X�D�O���L�Q�F�L�G�H�Q�F�H���R�I���P�D�M�R�U��
�E�O�H�H�G�L�Q�J�� �R�Q�� �D�Q�W�L�F�R�D�J�X�O�D�Q�W�� �W�U�H�D�W�P�H�Q�W�� ���$�Q�V�H�O�O���H�W�� �D�O���� �������������� �7�K�H�� �G�X�U�D�W�L�R�Q�� �R�I�� �D�Q�W�L�F�R�D�J�X�O�D�Q�W��
�W�U�H�D�W�P�H�Q�W�� �V�K�R�X�O�G�� �W�K�H�U�H�I�R�U�H�� �E�H���W�D�L�O�R�U�H�G�� �L�Q�G�L�Y�L�G�X�D�O�O�\�� �W�R�� �R�S�W�L�P�L�]�H�� �W�K�H�� �S�U�H�Y�H�Q�W�L�Y�H�� �D�F�W�L�R�Q�� �R�I��
�W�U�H�D�W�P�H�Q�W�� �Z�L�W�K�� �W�K�H�� �P�L�Q�L�P�X�P�� �U�L�V�N�� �R�I�� �E�O�H�H�G�L�Q�J���� �7�K�H�� �O�L�N�H�O�L�K�R�R�G�� �R�I�� �U�H�F�X�U�U�H�Q�F�H�� �Y�D�U�L�H�V�� �D�P�R�Q�J��
�L�Q�G�L�Y�L�G�X�D�O�V���D�Q�G���L�V���V�W�U�R�Q�J�O�\���L�Q�I�O�X�H�Q�F�H�G���E�\���W�K�H���S�U�H�V�H�Q�F�H���R�I���F�O�L�Q�L�F�D�O���U�L�V�N���I�D�F�W�R�U�V�����3�D�W�L�H�Q�W�V���Z�K�R�V�H��
�I�L�U�V�W���9�7�(���Z�D�V���W�U�L�J�J�H�U�H�G���E�\���D���F�L�U�F�X�P�V�W�D�Q�W�L�D�O���U�L�V�N���I�D�F�W�R�U�����S�U�R�Y�R�N�H�G���9�7�(�����K�D�Y�H���D���O�R�Z�H�U���U�L�V�N���R�I��
�U�H�F�X�U�U�H�Q�F�H�� �W�K�D�Q�� �S�D�W�L�H�Q�W�V�� �Z�K�R�V�H�� �H�Y�H�Q�W�� �Z�D�V�� �X�Q�S�U�R�Y�R�N�H�G�� ���L�G�L�R�S�D�W�K�L�F�� �9�7�(������ �R�U�� �Z�K�R�� �F�D�U�U�\��
�S�H�U�V�L�V�W�H�Q�W���U�L�V�N���I�D�F�W�R�U�V�����.�H�D�U�R�Q���H�W���D�O�������������������,�W���L�V�����K�R�Z�H�Y�H�U�����D�U�J�X�D�E�O�H���Z�K�H�W�K�H�U���W�K�H���O�H�Y�H�O���R�I���U�L�V�N��
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1. Introduction 

�7�K�U�R�P�E�R�S�K�L�O�L�D�����7�)�����L�V���G�H�I�L�Q�H�G���D�V���D�Q���L�Q�K�H�U�L�W�H�G���R�U���D�F�T�X�L�U�H�G���W�H�Q�G�H�Q�F�\���W�R���G�H�Y�H�O�R�S���W�K�U�R�P�E�R�V�L�V����
�7�)�� �F�U�H�D�W�H�V�� �D�� �V�W�D�W�H�� �R�I�� �K�\�S�H�U�F�R�D�J�X�O�D�E�L�O�L�W�\���� �L���H���� �K�D�H�P�R�V�W�D�V�L�V�� �D�F�W�L�Y�D�W�L�R�Q�� �Z�L�W�K�R�X�W�� �D�F�W�X�D�O�� �F�O�R�W��
�I�R�U�P�D�W�L�R�Q���Z�K�L�F�K���F�D�Q���E�H���G�H�W�H�F�W�H�G��in vitro���E�\���V�S�H�F�L�I�L�F���O�D�E�R�U�D�W�R�U�\���W�H�F�K�Q�L�T�X�H�V�����7�K�U�R�P�E�R�V�L�V���D�V���D��
�F�O�L�Q�L�F�D�O�� �S�K�H�Q�R�P�H�Q�R�Q���� �K�R�Z�H�Y�H�U���� �R�Q�O�\�� �R�F�F�X�U�V�� �Z�K�H�Q�� �W�K�H�� �E�D�O�D�Q�F�H�� �E�H�W�Z�H�H�Q�� �S�U�R���F�R�D�J�X�O�D�Q�W�� �D�Q�G��
�D�Q�W�L���F�R�D�J�X�O�D�Q�W�� �H�O�H�P�H�Q�W�V�� �R�I�� �K�D�H�P�R�V�W�D�V�L�V�� �L�V�� �G�L�V�U�X�S�W�H�G�� �W�R�� �V�X�F�K�� �D�Q�� �H�[�W�H�Q�W�� �W�K�D�W�� �L�W�� �O�H�D�G�V�� �W�R�� �F�O�R�W��
�I�R�U�P�D�W�L�R�Q���L�Q���W�K�H���F�L�U�F�X�O�D�W�L�Q�J���E�O�R�R�G������
�7�)���L�V���P�R�V�W���F�R�P�P�R�Q�O�\���D�V�V�R�F�L�D�W�H�G���Z�L�W�K���D�Q���L�Q�F�U�H�D�V�H�G���U�L�V�N���R�I���W�K�U�R�P�E�R�V�L�V���L�Q���W�K�H���Y�H�Q�R�X�V���V�\�V�W�H�P����
�L���H�����Y�H�Q�R�X�V���W�K�U�R�P�E�R�H�P�E�R�O�L�V�P�����9�7�(�������9�7�( �L�V���D �F�R�P�P�R�Q���G�L�V�H�D�V�H���Z�L�W�K���D�Q���D�Q�Q�X�D�O���L�Q�F�L�G�H�Q�F�H���R�I��
�D�E�R�X�W�� ���� �F�D�V�H�� �S�H�U�� ���������� �S�H�U�V�R�Q���\�H�D�U�V�� �D�Q�G�� �L�V�� �D�� �F�D�X�V�H�� �R�I�� �V�X�E�V�W�D�Q�W�L�D�O�� �P�R�U�E�L�G�L�W�\�� �D�Q�G�� �P�R�U�W�D�O�L�W�\��
�Z�R�U�O�G�Z�L�G�H�� ���:�K�L�W�H���� �������������� �� �)�X�U�W�K�H�U�P�R�U�H���� �L�W�� �L�V�� �D���F�K�U�R�Q�L�F�� �G�L�V�H�D�V�H�� �W�K�D�W���R�I�W�H�Q�� �U�H�F�X�U�V���� �$�� �W�K�L�U�G�� �R�I��
�S�D�W�L�H�Q�W�V�� �Z�L�W�K�� �I�L�U�V�W���9�7�(���� �H�[�S�H�U�L�H�Q�F�H�� �D�� �U�H�F�X�U�U�H�Q�F�H�� �Z�L�W�K�L�Q�� �W�K�H�� �Q�H�[�W�� ���� �W�R�� ���� �\�H�D�U�V���� �5�H�F�X�U�U�H�Q�F�H�� �L�V��
�E�H�V�W���S�U�H�Y�H�Q�W�H�G���V�L�Q�F�H���L�W���L�V���I�D�W�D�O���L�Q�����������R�I���S�D�W�L�H�Q�W�V���D�Q�G���O�D�W�H���V�H�T�X�H�O�D�H�����V�X�F�K���D�V���S�R�V�W���W�K�U�R�P�E�R�W�L�F��
�V�\�Q�G�U�R�P�H���� �D�U�H�� �D�O�V�R�� �Y�H�U�\�� �F�R�P�P�R�Q�� ���6�F�K�X�O�P�D�Q�� �H�W�� �D�O���� �������������� �7�K�H�� �V�W�D�Q�G�D�U�G�� �W�U�H�D�W�P�H�Q�W�� �I�R�U�� �D�F�X�W�H��
�9�7�(�� ���X�Q�I�U�D�F�W�L�R�Q�D�W�H�G�� �R�U�� �O�R�Z���P�R�O�H�F�X�O�D�U���Z�H�L�J�K�W���K�H�S�D�U�L�Q���� �I�R�O�O�R�Z�H�G�� �E�\�� �Y�L�W�D�P�L�Q�� �.�� �D�Q�W�D�J�R�Q�L�V�W�V��
�I�R�U���D�W���O�H�D�V�W���V�H�Y�H�U�D�O���P�R�Q�W�K�V�����U�H�G�X�F�H�V���W�K�H���U�L�V�N���R�I���U�H�F�X�U�U�H�Q�F�H���E�\���������W�R���������������.�H�D�U�R�Q���H�W���D�O������������������
�$�O�W�K�R�X�J�K���L�G�H�D�O�O�\���D�O�O���S�D�W�L�H�Q�W�V���V�K�R�X�O�G���U�H�F�H�L�Y�H���O�R�Q�J���W�H�U�P���W�U�H�D�W�P�H�Q�W���Z�L�W�K���Y�L�W�D�P�L�Q���.���D�Q�W�D�J�R�Q�L�V�W�V��
�W�R���U�H�G�X�F�H���W�K�H���U�L�V�N���R�I���U�H�F�X�U�U�H�Q�F�H�����R�Q�H���K�D�V���W�R���E�H�D�U���L�Q���P�L�Q�G���W�K�H�����������������D�Q�Q�X�D�O���L�Q�F�L�G�H�Q�F�H���R�I���P�D�M�R�U��
�E�O�H�H�G�L�Q�J�� �R�Q�� �D�Q�W�L�F�R�D�J�X�O�D�Q�W�� �W�U�H�D�W�P�H�Q�W�� ���$�Q�V�H�O�O���H�W�� �D�O���� �������������� �7�K�H�� �G�X�U�D�W�L�R�Q�� �R�I�� �D�Q�W�L�F�R�D�J�X�O�D�Q�W��
�W�U�H�D�W�P�H�Q�W�� �V�K�R�X�O�G�� �W�K�H�U�H�I�R�U�H�� �E�H���W�D�L�O�R�U�H�G�� �L�Q�G�L�Y�L�G�X�D�O�O�\�� �W�R�� �R�S�W�L�P�L�]�H�� �W�K�H�� �S�U�H�Y�H�Q�W�L�Y�H�� �D�F�W�L�R�Q�� �R�I��
�W�U�H�D�W�P�H�Q�W�� �Z�L�W�K�� �W�K�H�� �P�L�Q�L�P�X�P�� �U�L�V�N�� �R�I�� �E�O�H�H�G�L�Q�J���� �7�K�H�� �O�L�N�H�O�L�K�R�R�G�� �R�I�� �U�H�F�X�U�U�H�Q�F�H�� �Y�D�U�L�H�V�� �D�P�R�Q�J��
�L�Q�G�L�Y�L�G�X�D�O�V���D�Q�G���L�V���V�W�U�R�Q�J�O�\���L�Q�I�O�X�H�Q�F�H�G���E�\���W�K�H���S�U�H�V�H�Q�F�H���R�I���F�O�L�Q�L�F�D�O���U�L�V�N���I�D�F�W�R�U�V�����3�D�W�L�H�Q�W�V���Z�K�R�V�H��
�I�L�U�V�W���9�7�(���Z�D�V���W�U�L�J�J�H�U�H�G���E�\���D���F�L�U�F�X�P�V�W�D�Q�W�L�D�O���U�L�V�N���I�D�F�W�R�U�����S�U�R�Y�R�N�H�G���9�7�(�����K�D�Y�H���D���O�R�Z�H�U���U�L�V�N���R�I��
�U�H�F�X�U�U�H�Q�F�H�� �W�K�D�Q�� �S�D�W�L�H�Q�W�V�� �Z�K�R�V�H�� �H�Y�H�Q�W�� �Z�D�V�� �X�Q�S�U�R�Y�R�N�H�G�� ���L�G�L�R�S�D�W�K�L�F�� �9�7�(������ �R�U�� �Z�K�R�� �F�D�U�U�\��
�S�H�U�V�L�V�W�H�Q�W���U�L�V�N���I�D�F�W�R�U�V�����.�H�D�U�R�Q���H�W���D�O�������������������,�W���L�V�����K�R�Z�H�Y�H�U�����D�U�J�X�D�E�O�H���Z�K�H�W�K�H�U���W�K�H���O�H�Y�H�O���R�I���U�L�V�N��
�H�V�W�L�P�D�W�H�G���I�U�R�P���F�O�L�Q�L�F�D�O���U�L�V�N���I�D�F�W�R�U�V���D�O�R�Q�H���M�X�V�W�L�I�L�H�V���O�R�Q�J���W�H�U�P���D�Q�W�L�F�R�D�J�X�O�D�W�L�R�Q����������
�)�R�U���D���O�R�Q�J���W�L�P�H���L�W���Z�D�V���W�K�R�X�J�K�W���W�K�D�W���V�F�U�H�H�Q�L�Q�J���I�R�U���7�)�����D���S�H�U�V�L�V�W�H�Q�W���U�L�V�N���I�D�F�W�R�U���I�R�U���9�7�(�����Z�R�X�O�G��
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Over the past decades knowledge of TF has increased substantially, as did the number of 
individuals screened for TF. It was shown that  when all known TF defects are considered, 
TF is found in about half of patients with the first VTE (Christiansen et al, 2005). However, 
routine TF screening is usually limited to those TF defects that carry a strong to moderate 
risk of VTE: antithrombin, protein C and protein S deficiencies, factor V Leiden, 
prothrombin G20210A mutation (inherited defects) and antiphospholipid antibodies 
(acquired defects). Testing for other TF defects, such as hyperhomocysteinaemia, high 
fibrinogen, increased factors VIII, IX, XI, dysf ibrinogenaemia, reduced tissue factor pathway 
inhibitor and factor XIII polymorphisms is usually only performed in clinical studies 
(Stegnar, 2010). 
TF status does not directly translate into an increased risk of either first or recurrent VTE 
(Christiansen et al, 2005). First of all, there is considerable variation in the magnitude of risk 
associated with different TF defects. Furthermore, the magnitude of risk a specific TF defect 
carries is not the same for first or for recurrent VTE. The most common TF defects, such as 
factor V Leiden and prothrombin G2021A mutati on, carry a modest risk of both first and 
recurrent VTE (Ho et al, 2006). The rarely occurring deficiencies of antithrombin, protein C 
and protein S, historically believed to be very strong risk factors for first VTE, convey only a 
slightly higher risk for recurrence than factor V Leiden and prothrombin G2021A mutation 
(Christiansen  et al, 2005; De Stefano et al, 2006).  
The results of TF screening actually alter the clinical management only in selected groups of 
VTE patients (Stegnar, 2010). Moreover, since VTE is a multi-causal disease, there are 
usually other factors apart from TF that contribute to the development of VTE (Rosendaal 
1999). It seems therefore that to assess VTE risk in individuals with TF an  additional tool is 
needed. The aim of this article is to review the available evidence as to whether screening 
for hypercoagulability could represent such a tool.  

2. Activation of haemostasis  

The initial events in haemostasis involve activation of the endothelium and blood cells in 
response to vessel wall injury, which results in release of a variety of soluble factors 
involved in the control of haemostasis and cell adhesion. In this review, cell adhesion will be 
limited merely to cell adhesion molecules P-selectin, E-selectin, vascular cell adhesion 
molecule 1 (VCAM-1) and intercellular cell ad hesion molecule 1 (ICAM-1) that mediate in 
the binding of endothelium and blood cells.  
Blood coagulation is initiated by the release of tissue factor from activated endothelial and 
blood cells. Activated endothelial cells and platelets express P-selectin, which binds 
monocytes and macrophages. Bound monocytes and macrophages expose tissue factor to 
the circulation. Tissue factor forms a complex with circulating activated factor VII. This 
complex activates factor X to activated factor X (Xa) and factor Xa converts minor quantities 
of prothrombin into thrombin. In this proc ess, prothrombin fragments 1+2 (F1+2) are 
released. These events are regulated by tissue factor pathway inhibitor, which neutralizes 
factor Xa and by antithrombin, which in activates thrombin by forming thrombin-
antithrombin (TAT) complexes. When the th reshold level of thrombin is generated, 
thrombin activates platelets, as well as factors XIII, V, VIII and XI to augment its own 
generation. This is achieved by further conversion of factor X to factor Xa, using activated 
factors VIII and IX as cofactors. Factor Xa together with activated factor V (prothrombinase 
complex) converts the majority of prothrombin into thrombin. These events are regulated by 
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activated protein C and its cofactor protein S, which neutralize activated factors V and VIII 
and so limit thrombin genera tion (Monroe & Hoffman, 2006). 
Thrombin cleaves fibrinogen and fibrinopeptides A and B are re leased from alpha and beta 
polypeptide chains of fibrinogen. The resulting fibrin monomers polymerise to form soluble 
non-cross-linked fibrin, whic h is then cross-linked by activated factor XIII.  The formation of 
fibrin triggers activation of the fibrinolytic  system. Tissue-type plasminogen activator (t-
PA), which is released by endothelial cells, activates plasminogen to plasmin. Plasmin 
degrades fibrin to fibrin degradation products of various molecular sizes.  D-dimer, the 
smallest of the fibrin degradation products, retains the �J cross-links of the original fibrin.  
These events are regulated by several inhibitors of fibrinolysis: plasminogen activator 
inhibitors type 1 and 2 (PAI-1 and PAI-2), anti plasmin and thrombin activatable fibrinolysis 
inhibitor (Rijken & Lijnen, 2009).  

3. Laboratory methods to detect activation of haemostasis  

Activation of haemostasis (hypercoagulability) is  ideally detected prior to the appearance of 
thrombotic phenomena. Laboratory recognition of hypercoagulability is, however, a very 
demanding task due to the complexity of the haemostatic system. It can be detected by 
global tests (global haemostasis screening assays) that provide an overview of the entire 
haemostatic system, including enzymes, cofactors and inhibitors. Another approach to 
detecting hypercoagulability is to measure specific substances (peptides, enzymes, enzyme-
inhibitor complexes) that are liberated with ac tivation of the coagulation and fibrinolysis 
systems in vivo (specific markers of haemostasis activation). The most recent method to 
assess hypercoagulability is to detect molecules that are released from activated endothelial 
and blood cells in response to injury of the vessel wall (markers of endothelial and platelet 
activation). 

3.1 Global haemostasis screening assays 
Activated partial thromboplastin time (aPTT) has been in use for more than half a century 
(Langdell et al, 1953). It is simple and the most widely used global haemostasis screening 
assay, sensitive to all coagulation factors except factor VII. The end-poin t of this assay is the 
formation of a fibrin clot, detected manually  or automatically by measuring the optical 
density of plasma after addition of phospho lipids and a surface activator such as celite. 
Clotting occurs when 3 – 5 % of the total amount of thrombin is produced (Brummel et al, 
2002) and therefore subsequent haemostatic responses or possible abnormalities of the 
haemostatic process cannot be observed (Mann et al, 2003). Nonetheless, a strong association 
was found between shortened aPTT and increased risk of first (Tripodi et al, 2004) and 
recurrent VTE (Hron et al, 2006; Legnani et al, 2006). The increase in VTE risk was 
independent of TF status. Shortening of aPTT might be due to increased concentrations of 
factors VIII, IX and XI  Legnani et al, 2006).  
Thromboelastography (TEG) monitors haemostasis as a dynamic process, evaluating both 
clotting, fibrinolysis and platelet fu nction. TEG variables are derived from a trace produced 
from measurement of the viscoelastic changes associated with clot formation and 
degradation (Sorensen et al, 2003).   
Whilst the whole blood sample in a TEG cuvette  remains liquid, the motion of the cuvette 
does not affect a pin which is suspended freely from a torsion wire. However, when the clot 
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Over the past decades knowledge of TF has increased substantially, as did the number of 
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limited merely to cell adhesion molecules P-selectin, E-selectin, vascular cell adhesion 
molecule 1 (VCAM-1) and intercellular cell ad hesion molecule 1 (ICAM-1) that mediate in 
the binding of endothelium and blood cells.  
Blood coagulation is initiated by the release of tissue factor from activated endothelial and 
blood cells. Activated endothelial cells and platelets express P-selectin, which binds 
monocytes and macrophages. Bound monocytes and macrophages expose tissue factor to 
the circulation. Tissue factor forms a complex with circulating activated factor VII. This 
complex activates factor X to activated factor X (Xa) and factor Xa converts minor quantities 
of prothrombin into thrombin. In this proc ess, prothrombin fragments 1+2 (F1+2) are 
released. These events are regulated by tissue factor pathway inhibitor, which neutralizes 
factor Xa and by antithrombin, which in activates thrombin by forming thrombin-
antithrombin (TAT) complexes. When the th reshold level of thrombin is generated, 
thrombin activates platelets, as well as factors XIII, V, VIII and XI to augment its own 
generation. This is achieved by further conversion of factor X to factor Xa, using activated 
factors VIII and IX as cofactors. Factor Xa together with activated factor V (prothrombinase 
complex) converts the majority of prothrombin into thrombin. These events are regulated by 
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activated protein C and its cofactor protein S, which neutralize activated factors V and VIII 
and so limit thrombin genera tion (Monroe & Hoffman, 2006). 
Thrombin cleaves fibrinogen and fibrinopeptides A and B are re leased from alpha and beta 
polypeptide chains of fibrinogen. The resulting fibrin monomers polymerise to form soluble 
non-cross-linked fibrin, whic h is then cross-linked by activated factor XIII.  The formation of 
fibrin triggers activation of the fibrinolytic  system. Tissue-type plasminogen activator (t-
PA), which is released by endothelial cells, activates plasminogen to plasmin. Plasmin 
degrades fibrin to fibrin degradation products of various molecular sizes.  D-dimer, the 
smallest of the fibrin degradation products, retains the �J cross-links of the original fibrin.  
These events are regulated by several inhibitors of fibrinolysis: plasminogen activator 
inhibitors type 1 and 2 (PAI-1 and PAI-2), anti plasmin and thrombin activatable fibrinolysis 
inhibitor (Rijken & Lijnen, 2009).  

3. Laboratory methods to detect activation of haemostasis  

Activation of haemostasis (hypercoagulability) is  ideally detected prior to the appearance of 
thrombotic phenomena. Laboratory recognition of hypercoagulability is, however, a very 
demanding task due to the complexity of the haemostatic system. It can be detected by 
global tests (global haemostasis screening assays) that provide an overview of the entire 
haemostatic system, including enzymes, cofactors and inhibitors. Another approach to 
detecting hypercoagulability is to measure specific substances (peptides, enzymes, enzyme-
inhibitor complexes) that are liberated with ac tivation of the coagulation and fibrinolysis 
systems in vivo (specific markers of haemostasis activation). The most recent method to 
assess hypercoagulability is to detect molecules that are released from activated endothelial 
and blood cells in response to injury of the vessel wall (markers of endothelial and platelet 
activation). 

3.1 Global haemostasis screening assays 
Activated partial thromboplastin time (aPTT) has been in use for more than half a century 
(Langdell et al, 1953). It is simple and the most widely used global haemostasis screening 
assay, sensitive to all coagulation factors except factor VII. The end-poin t of this assay is the 
formation of a fibrin clot, detected manually  or automatically by measuring the optical 
density of plasma after addition of phospho lipids and a surface activator such as celite. 
Clotting occurs when 3 – 5 % of the total amount of thrombin is produced (Brummel et al, 
2002) and therefore subsequent haemostatic responses or possible abnormalities of the 
haemostatic process cannot be observed (Mann et al, 2003). Nonetheless, a strong association 
was found between shortened aPTT and increased risk of first (Tripodi et al, 2004) and 
recurrent VTE (Hron et al, 2006; Legnani et al, 2006). The increase in VTE risk was 
independent of TF status. Shortening of aPTT might be due to increased concentrations of 
factors VIII, IX and XI  Legnani et al, 2006).  
Thromboelastography (TEG) monitors haemostasis as a dynamic process, evaluating both 
clotting, fibrinolysis and platelet fu nction. TEG variables are derived from a trace produced 
from measurement of the viscoelastic changes associated with clot formation and 
degradation (Sorensen et al, 2003).   
Whilst the whole blood sample in a TEG cuvette  remains liquid, the motion of the cuvette 
does not affect a pin which is suspended freely from a torsion wire. However, when the clot 
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starts to form, the fibrin stra nds “couple” the motion of the cup to the motion of the pin, 
which is amplified and recorded. Several variables of the recording can be evaluated such as 
the reaction time, angle formed by the slope of the TEG trace, maximum amplitude and clot 
lysis index (Mallet & Cox, 1992).   
TEG as a tool to measure hypercoagulability in the setting of VTE was only assessed in small 
studies. TEG showed a marked hypercoagulable profile in patients with acute VTE (Spiezia 
et al, 2008). Also in patients with a history of venous or arterial thrombosis, shorter clotting 
times and accelerated maximum velocity of clot propagation were measured (Hvitfeldt 
Poulsen et al, 2006). However, another study in patients with a history of cerebral vein 
thrombosis did not confirm these result s (Koopman et al, 2009). TF, present in 
approximately half of the patients in thes e studies, did not influence TEG parameters. 
Similarly, in individuals with a personal or family history of VTE, hypercoagulable TEG was 
measured in 40 % of patients, but it did not correlate with TF status (O’Donnell et al, 2004). 
TEG therefore cannot be used as a screening test for TF, but it might be a useful adjunctive 
test, particularly in patients without known TF defects. Further studies are needed to 
determine whether TEG can be used to predict the recurrence of thrombotic events.   
However, TEG is poorly standardized, has a high coefficient of variation and is influenced 
by many pre-analytical variables, which makes it less suitable for routine clinical use to 
assess hypercoagulability (Chen & Teruya, 2009). Besides, it is a whole blood assay and 
therefore frozen-thawed samples cannot be used. 
Thrombin generation assay (TGA) reflects the potential of plasma to generate thrombin 
following in vitro activation of coagulation with tissue factor or other trigger (Hemker et al, 
2002). The thrombin concentration is continuously monitored by adding a suitable thrombin 
substrate and formation of split products is dete cted by optical densitometry or fluorometry. 
The resulting thrombin generation curve and its three most important parameters of lag 
time, peak value and area under the curve or endogenous thrombin potential, reflect and 
integrate all pro- and anticoagulant reactions th at regulate the formation and inhibition of 
thrombin (van Veen et al, 2008). However, TGA does not measure the final step of 
coagulation, i.e. fibrin formation. TGA is performed in plasma, is commercially available 
and relatively easy to use. It is, however, not standardized; it is influenced by many pre-
analytical variables and there is a high inter-laboratory variability due to different reagents 
and their concentrations, making it difficult to  establish reference ranges (Castoldi & Rosing 
2011).  
Thrombin generation is elevated in antithro mbin deficiency (Wielders et al, 1997; Alhenc-
Gelas et al, 2010), protein S deficiency (Castoldi et al, 2010), protein C deficiency (Hezard et 
al, 2007), in carriers of factor V Leiden (Hezard et al, 2006; Lincz et al, 2006) and 
prothrombin G202010 mutation (Kyrle et al, 1998; Lavigne-Lissalde et al, 2010). It is also 
associated with the presence of antiphospholipid antibodies (Liestol et al, 2007; Devreese et 
al, 2009) and increased levels of factors VIII (ten Cate-Hoek et al, 2008), IX and XI 
(Siegemund et al, 2004). 
Elevated thrombin generation was also investigated as a risk factor for the first VTE event 
and its recurrence. It was shown that elevated thrombin generation was associated with a 
1.7 �� fold increased risk of first idiopathic  VTE (van Hylckama Vlieg et al, 2007). The 
association between elevated thrombin generation and the risk of first VTE was confirmed 
in several other studies (Dargaud et al, 2006; Lutsey et al, 2009; Wichers et al, 2009). 
Furthermore, elevated thrombin generation identi fies patients at risk of VTE recurrence. In 
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one cohort it was shown that patients with low levels of thrombin generation after 
discontinuation of anticoagulant treatment ha d an almost 60 % lower risk of recurrence 
compared to patients with elevated thromb in generation (Hron et al, 2006). Subsequent 
studies have confirmed that patients at high risk of VTE recurrence can be identified by 
TGA (Hron et al, 2006; Tripodi et al, 2008; Besser et al, 2008; Eichinger et al, 2008).   
Overall haemostasis potential (OHP)  is based on repeated spectrophotometric registration 
of fibrin formation in two parallel samples of citrated plasma,  to which small amounts of 
thrombin and t-PA (the first plasma sample) or only thrombin (the second plasma sample) 
are added. The areas under the fibrin formation curves obtained represent OHP (the first 
plasma sample with thrombin and t-PA) and ov erall coagulation potential (OCP, the second 
plasma sample with only thrombin added). Over all fibrinolytic potential (OFP) is calculated 
as the difference between OHP and OCP (He et al, 2001). The OHP assay is not 
commercially available and it is not yet standardized. It is, however, inexpensive, easy and 
fast to perform (Antovi �þ, 2008).  
OHP has been shown to detect hypercoagulability in smaller studies. Increased OHP was 
found in 75 % of women with a history of pregnancy-provoked VTE. In women with 
concomitant TF (acquired activated protein C resistance or factor V Leiden) imbalance in 
haemostatic potential was more severe, since OHP was increased in all women (Antovi�þ et 
al, 2003). In another study, OHP also identified the hypercoagulable state in patients with 
lupus anticoagulants and a history of thro mbotic events, regardless of concomitant 
anticoagulant therapy (Curnow et al, 2007). Using a modification of the original OHP assay 
(the coagulation inhibitor potential CIP assay), severe TF (deficiencies of antithrombin, 
protein C and protein S, homozygosity for fa ctor V Leiden and combinations) could be 
detected with a sensitivity of 100 % and specificity of 70 - 80% (Andresen et al, 2002, 2004). 
OHP was also studied during anticoagulant tr eatment for VTE. In a study of 70 patients 
with acute venous thrombosis given standard anticoagulant treatment (low-molecular-
weight heparin followed by warfarin), OHP wa s significantly increased before treatment 
and greatly decreased during combined treatment with heparin and warfarin (overlapping 
period), while during warfarin only treatmen t OHP was about half that before treatment. 
After cessation of therapy, OHP values increased but remained lower than in the pre-
treatment period. OHP levels did not differ betw �H�H�Q���S�D�W�L�H�Q�W�V���Z�L�W�K���R�U���Z�L�W�K�R�X�W���7�)�����9�L�ç�L�Q�W�L�Q��
Cuderman et al, to be published).  

3.2 Specific markers of haemostasis activation  
F1+2 and TAT are markers of in vivo activity of factor X and thrombin. They are liberated 
during activation and generation of thrombin  and are stable enough to be detected by 
laboratory methods, mainly enzyme-linked immunosorbent assays. However, they are 
extremely sensitive to in vitro artefacts. The quality of the sample and the reliability of the 
result depend on the technique of blood sampling and the experience of the person 
performing the procedure (Stegnar et al, 2007). Besides blood sampling, the different 
reagents used as well as the preparation and storage of the samples can influence the results 
(Greenberg et al 1994; Miller et al, 1995). Consequently, they are rarely used today. 
However, around twenty years ago they were tested in various small studies that gave 
contradictory results.  
Increased F1+2 was found in individuals with  antithrombin, protein C and S deficiencies 
(Demers et al, 1992; Mannucci et al, 1992), as well as in those with activated protein C (APC) 
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one cohort it was shown that patients with low levels of thrombin generation after 
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Thrombophilia 

��

28

resistance (Simioni et al, 1996; Bauer et al, 2000), prothrombin G20210A mutation (Bauer et 
al, 2000) antiphospholipid syndrome (Ames et al, 1996), hyperhomocysteinemia (Kyrle et al, 
1997a) and increased levels of factor VIII (O’Donnell et al, 2001). Not all studies, however, 
confirmed the association of increased F1+2 levels with TF (Kyrle et al, 1998; Eichinger et al, 
1999; Lowe et al, 1999).  
TAT was increased in association with increased factor VIII levels (O’Donnell et al, 2001) 
and also with APC resistance in one study (Simioni et al, 1996), but not in two others 
(Eichinger et al, 1999; Lowe et al, 1999). Similarly, increased TAT was not associated with 
antithrombin (Demers et al, 1992), protein C and S deficiencies (Macherel et al, 1992) or with 
antiphospholipid syndrome (Ames et al, 1996). 
In patients with acute VTE, F1+2 and TAT are elevated and normalize 2 to 4 days after 
introduction of heparin treatment (The DVTE NOX study group, 1993; Stricker et al, 1999; 
Peternel et al, 2000). The levels of these markers remain low also during treatment with 
warfarin (Elias et al, 1993; Jerkemann et al, 2000;���9�L�ç�L�Q�W�L�Q���&�X�G�H�U�P�D�Q���H�W���D�O�����W�R���E�H���S�X�E�O�L�V�K�H�G������
TF does not seem to influence F1+2 and TAT levels either during anti coagulant treatment or 
after its withdrawal (Cuderman et al, 2007; Vi �ç�L�Q�W�L�Q���&�X�G�H�U�P�D�Q���H�W���D�O�����W�R���E�H���S�X�E�O�L�V�K�H�G������
There are few studies on the utility of these markers in assessing VTE recurrence risk. In two 
studies F1+2 was not associated with recurrence in patients with a history of VTE (Kyrle et 
�D�O�������������E���� �9�L�ç�L�Q�W�L�Q���&�X�G�H�U�P�D�Q���H�W���D�O�����W�R���E�H���S�X�E�O�L�Vhed). Two recent studies, however, showed 
that in patients with VTE increased F1+2 measured 1 month after withdrawal of 
anticoagulant treatment was associated with increased risk of recurrent thrombosis, 
irrespective of TF status (Poli, 2008, 2010). 
D��dimer �L�V�� �D�� �G�H�J�U�D�G�D�W�L�R�Q�� �S�U�R�G�X�F�W�� �R�I�� �F�U�R�V�V���O�L�Q�N�H�G�� �I�L�E�U�L�Q���� �,�W�� �L�V�� �P�D�U�N�H�U�� �R�I�� �E�R�W�K�� �D�F�W�L�Y�D�W�H�G��
�F�R�D�J�X�O�D�W�L�R�Q���D�Q�G���I�L�E�U�L�Q�R�O�\�V�L�V�����'���G�L�P�H�U���L�V���E�H�V�W���N�Q�R�Z�Q���W�R�G�D�\���D�V���W�K�H���E�L�R�F�K�H�P�L�F�D�O���J�R�O�G���V�W�D�Q�G�D�U�G��
for initial assessment of suspected VTE.  It has a sensitivity of up to 95 % and a negative 
predictive value of nearly 100 % (Di Nisio et al , 2007) and is an integral part of diagnostic 
algorithms to exclude VTE (Righini et al, 2008). 
�,�Q���S�D�W�L�H�Q�W�V���Z�L�W�K���D�F�X�W�H���9�7�(�����'���G�L�P�H�U���L�V���H�O�H�Y�D�W�H�G and decreases after 1 to 3 days of treatment, 
but remains above normal levels for at least the first week of treatment (The DVTENOX 
study group, 1993; Stricker et al, 1999; Peternel et al, 2002). This is probably due to 
prolonged fibrinolysis, which is independent of heparin therapy and thrombin generation, 
but it may also be partly due to the relative �O�\���O�R�Q�J���K�D�O�I���O�L�I�H���R�I���'���G�L�P�H�U�����0�D�Q�Q�X�F�F�L�������������������%�\��
�W�K�H�� �I�L�U�V�W�� �P�R�Q�W�K�� �R�I�� �W�U�H�D�W�P�H�Q�W���� �'���G�L�P�H�U�� �O�H�Y�H�O�V mostly return to normal and remain so 
throughout warfarin treatment (Elias et al, 1 �����������0�H�L�V�V�Q�H�U���H�W���D�O�����������������9�L�ç�L�Q�W�L�Q���&�X�G�H�U�P�D�Q���H�W��
al, to be published).  One study showed that during anticoagulant treatment in patients with 
�7�)���� �'���G�L�P�H�U�� �O�H�Y�H�O�V�� �U�H�P�D�L�Q�� �K�L�J�K�H�U�� �W�K�D�Q�� �L�Q�� �S�Dtients without TF, albeit not significantly 
���9�L�ç�L�Q�W�L�Q���&�X�G�H�U�P�D�Q�� �H�W�� �D�O���� �W�R�� �E�H�� �S�X�E�O�L�V�K�Hd). After discontinuation of anticoagulant 
�W�U�H�D�W�P�H�Q�W���� �'���G�L�P�H�U�� �O�H�Y�H�O�V�� �L�Q�� �S�D�W�L�H�Q�W�V�� �Z�L�W�K��TF remain higher than in those without TF 
���3�D�O�D�U�H�W�L���H�W���D�O�����������������9�L�ç�L�Q�W�L�Q���&�X�German et al, to be published). 
�'���G�L�P�H�U���Z�D�V���D�O�V�R���L�Q�Y�H�V�W�L�J�D�W�H�G���D�V���D���U�L�V�N���I�D�F�W�R�U��of the first VTE event and its recurrence. In a 
�S�R�S�X�O�D�W�L�R�Q���E�D�V�H�G���F�R�K�R�U�W���V�W�X�G�\���� �'���G�L�P�H�U���Z�D�V���D�V�V�Rciated with a 3–fold increased risk of the 
first VTE event (Cushman et al, 2003) and with a 2.2 – 3–fold increased risk of recurrent VTE 
(Andreescu et al, 2002; Palareti et al, 2003: Cosmi et al, 2005). 
�0�R�U�H�R�Y�H�U���� �'���G�L�P�H�U�� �L�V�� �D�� �P�D�U�N�H�U�� �I�R�U�� �S�U�H�G�L�Fting VTE recurrence after cessation of 
anticoagulant treatment (Verhovs �H�N���H�W���D�O������������������ �1�R�U�P�D�O���O�H�Y�H�O�V���R�I���'���G�L�P�H�U���R�Q�H���P�R�Q�W�K���D�I�W�H�U��
cessation of anticoagulant treatment have been shown to have a high negative predictive 
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value for VTE recurrence (Palareti et al, 2002; Eichinger et al, 2003). These results were tested 
in an interventional study in patients with unprovoked VTE. It was shown that elevated D-
dimer one month after cessation of anticoagulant treatment significantly increases the risk of 
recurrent VTE, which can be reduced by resumption of anticoagulant therapy (Palareti et al, 
2006). Interestingly, it was demonstrated that in patients with TF who have elevated D-
dimer levels one month after cessation of anticoagulant treatment, the risk of recurrence is 
particularly high in comparison to patien ts with TF who have normal D-dimer. The 
difference was particularly important in carriers of common TF defects, such as factor V 
Leiden and prothrombin G20210A mutation (Palareti et al, 2003).   
Surprisingly, there are few studies on the association of D-dimer with specific TF defects. 
Elevated D-dimer was found in carriers of factor V Leiden (Eichinger et al, 1999, Cuderman 
et al, 2007) and in the presence of antiphospholipid antibodies (Ames et al, 1996).  

3.3 Markers of endothelial and platelet activation  
P-selectin is a cell adhesion molecule that is expressed by platelets and endothelial cells 
upon their activation and is partly released in plasma in its soluble form. It can be measured 
in plasma by an enzyme-linked immunosorbent assay.   
�3���V�H�O�H�F�W�L�Q���O�H�Y�H�O�V���D�U�H���L�Q�F�U�H�D�V�H�G���L�Q���D�F�X�W�H���9�7�(�����6�P�L�W�K���H�W���D�O�����������������%�R�ç�L�� et al, 2002; Rectenwald 
et al, 2005; Ramacciotti et al, 2011). When P-selectin was tested as a possible marker for 
diagnosis of VTE, it was shown that a combination of the clinical prediction score and low 
P-selectin can be used to exclude VTE with a sensitivity and specificity similar to that of D-
dimer. In addition, the combination of the clinic al prediction score and high P-selectin has, 
unlike D-dimer, a very high positive predictive value in confirming acute VTE (Rectenwald 
et al, 2005; Ramacciotti et al, 2011).  
After commencement of anticoagulant treatment for VTE, P-selectin levels decrease. A small 
study showed a decrease in P-selectin levels after 7 days of treatment with unfractionated 
heparin (Papalambros et al, 2004). In a study of 70 patients receiving low-molecular-weight 
heparin followed by warfarin, P-selectin levels decreased already after 3 days of treatment. 
Interestingly, one month after treatment disc ontinuation, P-selectin levels were not 
significantly higher than duri �Q�J�� �W�U�H�D�W�P�H�Q�W�� ���9�L�ç�L�Q�W�L�Q���&�X�G�H�U�P�D�Q�� �H�W�� �D�O���� �W�R�� �E�H�� �S�X�E�O�L�V�K�H�G������
Similarly, in another study there was no diffe rence in P-selectin levels between patients 
receiving warfarin and those without an ticoagulant therapy (Ay et al, 2007).  
In patients with a history of VTE, elevated P- selectin is associated with increased risk of 
recurrence. Two case-control studies found that in patients at least 3 months after the onset 
of acute VTE, P-selectin levels were elevated compared to healthy controls (Blann et al, 2000; 
Ay et al, 2007). This result was confirmed in two prospective cohort studies that investigated 
P-selectin as a predictive marker for recurrence in patients with VTE (Kyrle et al, 2007; 
�9�L�ç�L�Q�W�L�Q���&�X�G�H�U�P�D�Q�� �H�W�� �D�O���� �W�R�� �E�H�� �S�X�E�O�L�V�K�H�G������ �6�L�P�L�O�D�U�O�\�� �L�Q�� �D�Q�R�W�K�H�U�� �S�U�R�V�S�H�F�W�L�Y�H�� �F�R�K�R�U�W�� �V�W�X�G�\����
elevated P-selectin was a predictor of the occurrence of VTE in cancer patients (Ay et al, 
2008).  
There is not much evidence, however, on P-selectin levels in relation to specific TF defects. 
In a small study it was shown that P-selectin is elevated in patients with lupus 
anticoagulants and a history of VTE (Bugert et al, 2007). The presence of TF did not 
influence P-selectin levels during and after anticoagulant treatment in another study 
���9�L�ç�L�Q�W�L�Q���&�X�G�H�U�P�D�Q���H�W���D�O�����W�R���E�H���S�X�E�O�L�V�K�H�G���������)�L�Q�D�O�O�\�����7�)���V�W�D�W�X�V���G�L�G���Q�R�W���K�D�Y�H���D�Q�\���L�Q�I�O�X�H�Q�F�H���R�Q��
P-selectin as a risk factor of VTE recurrence (Kyrle et al, 2007). 
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resistance (Simioni et al, 1996; Bauer et al, 2000), prothrombin G20210A mutation (Bauer et 
al, 2000) antiphospholipid syndrome (Ames et al, 1996), hyperhomocysteinemia (Kyrle et al, 
1997a) and increased levels of factor VIII (O’Donnell et al, 2001). Not all studies, however, 
confirmed the association of increased F1+2 levels with TF (Kyrle et al, 1998; Eichinger et al, 
1999; Lowe et al, 1999).  
TAT was increased in association with increased factor VIII levels (O’Donnell et al, 2001) 
and also with APC resistance in one study (Simioni et al, 1996), but not in two others 
(Eichinger et al, 1999; Lowe et al, 1999). Similarly, increased TAT was not associated with 
antithrombin (Demers et al, 1992), protein C and S deficiencies (Macherel et al, 1992) or with 
antiphospholipid syndrome (Ames et al, 1996). 
In patients with acute VTE, F1+2 and TAT are elevated and normalize 2 to 4 days after 
introduction of heparin treatment (The DVTE NOX study group, 1993; Stricker et al, 1999; 
Peternel et al, 2000). The levels of these markers remain low also during treatment with 
warfarin (Elias et al, 1993; Jerkemann et al, 2000;���9�L�ç�L�Q�W�L�Q���&�X�G�H�U�P�D�Q���H�W���D�O�����W�R���E�H���S�X�E�O�L�V�K�H�G������
TF does not seem to influence F1+2 and TAT levels either during anti coagulant treatment or 
after its withdrawal (Cuderman et al, 2007; Vi �ç�L�Q�W�L�Q���&�X�G�H�U�P�D�Q���H�W���D�O�����W�R���E�H���S�X�E�O�L�V�K�H�G������
There are few studies on the utility of these markers in assessing VTE recurrence risk. In two 
studies F1+2 was not associated with recurrence in patients with a history of VTE (Kyrle et 
�D�O�������������E���� �9�L�ç�L�Q�W�L�Q���&�X�G�H�U�P�D�Q���H�W���D�O�����W�R���E�H���S�X�E�O�L�Vhed). Two recent studies, however, showed 
that in patients with VTE increased F1+2 measured 1 month after withdrawal of 
anticoagulant treatment was associated with increased risk of recurrent thrombosis, 
irrespective of TF status (Poli, 2008, 2010). 
D��dimer �L�V�� �D�� �G�H�J�U�D�G�D�W�L�R�Q�� �S�U�R�G�X�F�W�� �R�I�� �F�U�R�V�V���O�L�Q�N�H�G�� �I�L�E�U�L�Q���� �,�W�� �L�V�� �P�D�U�N�H�U�� �R�I�� �E�R�W�K�� �D�F�W�L�Y�D�W�H�G��
�F�R�D�J�X�O�D�W�L�R�Q���D�Q�G���I�L�E�U�L�Q�R�O�\�V�L�V�����'���G�L�P�H�U���L�V���E�H�V�W���N�Q�R�Z�Q���W�R�G�D�\���D�V���W�K�H���E�L�R�F�K�H�P�L�F�D�O���J�R�O�G���V�W�D�Q�G�D�U�G��
for initial assessment of suspected VTE.  It has a sensitivity of up to 95 % and a negative 
predictive value of nearly 100 % (Di Nisio et al , 2007) and is an integral part of diagnostic 
algorithms to exclude VTE (Righini et al, 2008). 
�,�Q���S�D�W�L�H�Q�W�V���Z�L�W�K���D�F�X�W�H���9�7�(�����'���G�L�P�H�U���L�V���H�O�H�Y�D�W�H�G and decreases after 1 to 3 days of treatment, 
but remains above normal levels for at least the first week of treatment (The DVTENOX 
study group, 1993; Stricker et al, 1999; Peternel et al, 2002). This is probably due to 
prolonged fibrinolysis, which is independent of heparin therapy and thrombin generation, 
but it may also be partly due to the relative �O�\���O�R�Q�J���K�D�O�I���O�L�I�H���R�I���'���G�L�P�H�U�����0�D�Q�Q�X�F�F�L�������������������%�\��
�W�K�H�� �I�L�U�V�W�� �P�R�Q�W�K�� �R�I�� �W�U�H�D�W�P�H�Q�W���� �'���G�L�P�H�U�� �O�H�Y�H�O�V mostly return to normal and remain so 
throughout warfarin treatment (Elias et al, 1 �����������0�H�L�V�V�Q�H�U���H�W���D�O�����������������9�L�ç�L�Q�W�L�Q���&�X�G�H�U�P�D�Q���H�W��
al, to be published).  One study showed that during anticoagulant treatment in patients with 
�7�)���� �'���G�L�P�H�U�� �O�H�Y�H�O�V�� �U�H�P�D�L�Q�� �K�L�J�K�H�U�� �W�K�D�Q�� �L�Q�� �S�Dtients without TF, albeit not significantly 
���9�L�ç�L�Q�W�L�Q���&�X�G�H�U�P�D�Q�� �H�W�� �D�O���� �W�R�� �E�H�� �S�X�E�O�L�V�K�Hd). After discontinuation of anticoagulant 
�W�U�H�D�W�P�H�Q�W���� �'���G�L�P�H�U�� �O�H�Y�H�O�V�� �L�Q�� �S�D�W�L�H�Q�W�V�� �Z�L�W�K��TF remain higher than in those without TF 
���3�D�O�D�U�H�W�L���H�W���D�O�����������������9�L�ç�L�Q�W�L�Q���&�X�German et al, to be published). 
�'���G�L�P�H�U���Z�D�V���D�O�V�R���L�Q�Y�H�V�W�L�J�D�W�H�G���D�V���D���U�L�V�N���I�D�F�W�R�U��of the first VTE event and its recurrence. In a 
�S�R�S�X�O�D�W�L�R�Q���E�D�V�H�G���F�R�K�R�U�W���V�W�X�G�\���� �'���G�L�P�H�U���Z�D�V���D�V�V�Rciated with a 3–fold increased risk of the 
first VTE event (Cushman et al, 2003) and with a 2.2 – 3–fold increased risk of recurrent VTE 
(Andreescu et al, 2002; Palareti et al, 2003: Cosmi et al, 2005). 
�0�R�U�H�R�Y�H�U���� �'���G�L�P�H�U�� �L�V�� �D�� �P�D�U�N�H�U�� �I�R�U�� �S�U�H�G�L�Fting VTE recurrence after cessation of 
anticoagulant treatment (Verhovs �H�N���H�W���D�O������������������ �1�R�U�P�D�O���O�H�Y�H�O�V���R�I���'���G�L�P�H�U���R�Q�H���P�R�Q�W�K���D�I�W�H�U��
cessation of anticoagulant treatment have been shown to have a high negative predictive 
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value for VTE recurrence (Palareti et al, 2002; Eichinger et al, 2003). These results were tested 
in an interventional study in patients with unprovoked VTE. It was shown that elevated D-
dimer one month after cessation of anticoagulant treatment significantly increases the risk of 
recurrent VTE, which can be reduced by resumption of anticoagulant therapy (Palareti et al, 
2006). Interestingly, it was demonstrated that in patients with TF who have elevated D-
dimer levels one month after cessation of anticoagulant treatment, the risk of recurrence is 
particularly high in comparison to patien ts with TF who have normal D-dimer. The 
difference was particularly important in carriers of common TF defects, such as factor V 
Leiden and prothrombin G20210A mutation (Palareti et al, 2003).   
Surprisingly, there are few studies on the association of D-dimer with specific TF defects. 
Elevated D-dimer was found in carriers of factor V Leiden (Eichinger et al, 1999, Cuderman 
et al, 2007) and in the presence of antiphospholipid antibodies (Ames et al, 1996).  

3.3 Markers of endothelial and platelet activation  
P-selectin is a cell adhesion molecule that is expressed by platelets and endothelial cells 
upon their activation and is partly released in plasma in its soluble form. It can be measured 
in plasma by an enzyme-linked immunosorbent assay.   
�3���V�H�O�H�F�W�L�Q���O�H�Y�H�O�V���D�U�H���L�Q�F�U�H�D�V�H�G���L�Q���D�F�X�W�H���9�7�(�����6�P�L�W�K���H�W���D�O�����������������%�R�ç�L�� et al, 2002; Rectenwald 
et al, 2005; Ramacciotti et al, 2011). When P-selectin was tested as a possible marker for 
diagnosis of VTE, it was shown that a combination of the clinical prediction score and low 
P-selectin can be used to exclude VTE with a sensitivity and specificity similar to that of D-
dimer. In addition, the combination of the clinic al prediction score and high P-selectin has, 
unlike D-dimer, a very high positive predictive value in confirming acute VTE (Rectenwald 
et al, 2005; Ramacciotti et al, 2011).  
After commencement of anticoagulant treatment for VTE, P-selectin levels decrease. A small 
study showed a decrease in P-selectin levels after 7 days of treatment with unfractionated 
heparin (Papalambros et al, 2004). In a study of 70 patients receiving low-molecular-weight 
heparin followed by warfarin, P-selectin levels decreased already after 3 days of treatment. 
Interestingly, one month after treatment disc ontinuation, P-selectin levels were not 
significantly higher than duri �Q�J�� �W�U�H�D�W�P�H�Q�W�� ���9�L�ç�L�Q�W�L�Q���&�X�G�H�U�P�D�Q�� �H�W�� �D�O���� �W�R�� �E�H�� �S�X�E�O�L�V�K�H�G������
Similarly, in another study there was no diffe rence in P-selectin levels between patients 
receiving warfarin and those without an ticoagulant therapy (Ay et al, 2007).  
In patients with a history of VTE, elevated P- selectin is associated with increased risk of 
recurrence. Two case-control studies found that in patients at least 3 months after the onset 
of acute VTE, P-selectin levels were elevated compared to healthy controls (Blann et al, 2000; 
Ay et al, 2007). This result was confirmed in two prospective cohort studies that investigated 
P-selectin as a predictive marker for recurrence in patients with VTE (Kyrle et al, 2007; 
�9�L�ç�L�Q�W�L�Q���&�X�G�H�U�P�D�Q�� �H�W�� �D�O���� �W�R�� �E�H�� �S�X�E�O�L�V�K�H�G������ �6�L�P�L�O�D�U�O�\�� �L�Q�� �D�Q�R�W�K�H�U�� �S�U�R�V�S�H�F�W�L�Y�H�� �F�R�K�R�U�W�� �V�W�X�G�\����
elevated P-selectin was a predictor of the occurrence of VTE in cancer patients (Ay et al, 
2008).  
There is not much evidence, however, on P-selectin levels in relation to specific TF defects. 
In a small study it was shown that P-selectin is elevated in patients with lupus 
anticoagulants and a history of VTE (Bugert et al, 2007). The presence of TF did not 
influence P-selectin levels during and after anticoagulant treatment in another study 
���9�L�ç�L�Q�W�L�Q���&�X�G�H�U�P�D�Q���H�W���D�O�����W�R���E�H���S�X�E�O�L�V�K�H�G���������)�L�Q�D�O�O�\�����7�)���V�W�D�W�X�V���G�L�G���Q�R�W���K�D�Y�H���D�Q�\���L�Q�I�O�X�H�Q�F�H���R�Q��
P-selectin as a risk factor of VTE recurrence (Kyrle et al, 2007). 
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The association of other markers of endothe lial and platelet activation  (E-selectin, VCAM-
1, ICAM-1, t-PA and PAI-1) with TF and VTE is  poorly investigated.  In a small study, E-
selectin, VCAM-1 and ICAM-1 were not shown to  be elevated in acute VTE (Bucek et al, 
2003). However, elevated VCAM-1 levels were found in patients with acute VTE in two 
�H�D�U�O�L�H�U�� �V�W�X�G�L�H�V�� ���6�P�L�W�K�� �H�W�� �D�O���� ������������ �%�R�ç�L�� et al, 2002). Elevated PAI-1 and t-PA levels were 
associated with increased risk of first or recurrent VTE in some studies (Schulman & 
Wiman, 1996; Meltzer et al, 2010), but not in others (Crowther et al, 2001; Folsom et al, 2003). 
The influence of TF on t-PA and PAI-1 levels was addressed in two small studies in patients 
with a history of VTE. No difference was fo und between patients with factor V Leiden 
���6�W�H�J�Q�D�U���H�W���D�O�����������������R�U���K�\�S�H�U�K�R�P�R�F�\�V�W�H�L�Q�H�P�L�D�����%�R�ç�L�� et al, 2000) and patients without these 
TF defects. 

4. Conclusions 

Assessment of haemostasis activation (hypercoagulability) is a very demanding task due to 
the complexity of the haemostatic system. However, it can be achieved either by global 
haemostasis screening assays that provide an overview of the entire haemostatic system, 
including enzymes, cofactors and inhibitors, or alternatively, by measuring specific 
haemostasis activation markers - peptides, enzymes or enzyme-inhibitor complexes that are 
liberated with the activation of coagulation,  fibrinolysis, endothelial cells and platelets in 
vivo.  Two global haemostasis screening assays (aPTT and TEG) have been used for many 
years, albeit their usefulness in detecting hypercoagulability and the risk of first and 
recurrent VTE seems to be limited due to insufficient clinical data, lack of standardization 
and the influence of pre-analytical factors. TGA and OHP are more promising. Both assays 
seem to be sensitive to TF defects and to be associated with the risk of VTE. Apart from D-
dimer, other specific haemostasis activation markers, namely F1+2 and TAT, are extremely 
sensitive to in vitro artefacts and are rarely used today. However, around twenty years ago 
they were tested in various small studies that gave contradictory results. D-dimer is more 
robust and clinically useful for excluding VTE and also for detecting the risk of VTE  after 
discontinuation of anticoagulant treatment.  Th e risk of recurrence seems to be particularly 
high in patients with common TF defects, such as factor V Leiden and prothrombin 
G20210A mutation and high D-dimer.  Finally, it has been shown that P-selectin, a marker of 
endothelial and platelet activation, can be used to exclude VTE with sensitivity and 
specificity similar to that of D-dimer. However, there is not much evidence on the 
association of P-selectin with specific TF defects.  
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years, albeit their usefulness in detecting hypercoagulability and the risk of first and 
recurrent VTE seems to be limited due to insufficient clinical data, lack of standardization 
and the influence of pre-analytical factors. TGA and OHP are more promising. Both assays 
seem to be sensitive to TF defects and to be associated with the risk of VTE. Apart from D-
dimer, other specific haemostasis activation markers, namely F1+2 and TAT, are extremely 
sensitive to in vitro artefacts and are rarely used today. However, around twenty years ago 
they were tested in various small studies that gave contradictory results. D-dimer is more 
robust and clinically useful for excluding VTE and also for detecting the risk of VTE  after 
discontinuation of anticoagulant treatment.  Th e risk of recurrence seems to be particularly 
high in patients with common TF defects, such as factor V Leiden and prothrombin 
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endothelial and platelet activation, can be used to exclude VTE with sensitivity and 
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1. Introduction 

Cardiovascular diseases and venous thromboembolism are multifactorial diseases. Risk 
factors result from genetics, environment and behavior. The concept of the multicausal 
disease has received much attention in recent years. One of the reasons is that some of the 
genetic risk factors concerning single point mutations are quite common in the general 
population. There are known molecular factors which increase the relative risk for disease, 
and others with protective effects. The genetic background is given by the combination of all 
these molecular markers.  
Several genetic variants are currently identifi ed as risk factors for venous and arterial 
thrombosis (myocardial infarction and deep ve nous thrombosis)(Table 1). Activated protein 
C (APC) resistance due to the factor V Leiden mutation (FVL) and the 20210 G>A mutation 
in the factor II (FII, Prothr ombin) gene are well established causes of thrombophilia. 
Concerning the risk of myocardial infarction th e results are different (Ozmen F et al., 2009).  
The 677C>T mutation in the methylentetrahydrofolate reductase gene (MTHFR 677C>T), 
which causes a mild hyperhomocysteinemia, is considered to be a risk factor for coronary 
heart disease (Kluijtmans et al., 1997; Morita et al., 1997), venous thromboembolism and 
stroke (Frosst et al., 1995; Arruda et al., 1997; Margaglione et al., 1998, Khandanpour et al., 
2009, Tug E et al., 2011), but the results are controversial. 
New polymorphic markers of the FV gene were described in the last years (Lunghi et al., 
1996; Bernardi et al.,1997; Castoldi et al., 1997; Castoldi, 2000). A specific factor V gene 
haplotype (HR2) was defined by five restriction polymorphisms in exon 13 and a sequence 
variation located in exon 16. The exon 13 markers include the Rsa I polymorphic site, the 
rare allele of which (R2) has been previously found to be associated with partial FV 
deficiency in the Italian population (Lungh i et al., 1996). The nucleotide change 4070 G>A 
underlying the R2 allele gives rise to an amino acid change His to Arg at position 1299. 
Bernardi et al. (1997) demonstrated that the FV gene marked by the HR2 haplotype, which 
was invariably found to underlie the R2 marker, is both able to contribute to a mild APC 
resistance phenotype and to interact synergistically with the FVL mu tation Arg506Gln to 
produce a severe APC resistance phenotype. Carriers of the R2 allele are more frequent 
among patients of carotid endarterectomy (March etti et al., 1999) and the carriership of the 
R2 allele is associated with an increased risk for coronary artery disease (Hoekema et al., 
1999; Hoekema et al., 2001) and venous thromboembolism (Bernardi et al., 1997; Faioni et al., 
1999; Alhenc-Gelas et al., 1999).  
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For some new variants of clotting factors FVII,  FXII and FXIII associations with venous and 
arterial thrombosis were reported. Within the FVII gene eight polymorphisms are known 
(Herrmann et al., 1998; Herrmann et al., 2000) and three of them influence the level of FVII 
activity: the insertion polymorphism of the promotor (Marchetti et al., 1993), a tandem 
repeat unit polymorphism within intron 7 (Marchetti et al., 1991; de Knijff et al., 1994; 
Mariani et al., 1994; Pinotti et al., 2000) and the Arg353Gln polymorphism of exon 8 (Green 
et al., 1991). Iacoviello et al. (1998) demonstrated in patients with myocardial infarction and 
family history of cardiovascular diseases, that the Gln353 allele of the Arg353Gln 
polymorphism and the 7(a) allele of the tandem repeat unit polymorphism of the 
hypervariable region 4 within intron 7 might have a protective effect on the risk of 
myocardial infarction. These alleles independently showed an effect in reducing the risk and 
both were associated with lower  levels of FVII (Green et al., 1991; Mariani et al., 1994; 
Iacoviello et al., 1998; Domenico et al., 2000). 
For severe factor XII deficiency, an increased predisposition to venous thromboembolic 
diseases and myocardial infarction has been reported. Some cohort studies have shown a 
high prevalence of slightly reduced FXII levels  in patients of deep venous thrombosis or 
coronary heart diseases (Mannhalter et al., 1987; Halbmayer et al., 1994; Franco et al., 1999; 
Zito et al., 2000), but more association studies in this field are necessary. The C>T mutation 
at nucleotide 46 in the 5´untranslated region of FXII (FXII 46C>T) is associated with a 
diminished plasma FXII level (Kanaji et al., 1998; Kohler et al., 1999; Zito et al., 2000) and the 
role of this polymorphism as a thrombop hilic risk factor is under discussion. 
The G>T transition in exon 2 of the FXIII A subunit gene was reported to provide a 
protective effect against myocardial infarction  (Kohler et al., 1998; Franco et al., 2000) and 
venous thrombosis (Catto et al., 1999; Franco et al., 1999; Rosendaal et al., 1999; Alhenc-
Gelas et al., 2000; Franco et al., 2001), but also an increased predisposition to primary 
intracerebral hemorrhage (Catto et al., 1998; Reiner et al., 2001).  
Many epidemiological studies have been perfor med to associate the presence (insertion, I) 
or absence (deletion, D) of a 287bp Alu repeat element in intron 16 of the ACE (Angiotensin 
Converting Enzyme) gene with the level of the circulating enzyme or cardiovascular 
pathophysiology. Some reports have found that  the D allele confers increased susceptibility 
to cardiovascular diseases and myocardial infarction, others found no such association or 
even a beneficial effect (Rieder et al., 1999; Agerholm-Larsen et al., 2000). The same is true 
for cerebrovascular diseases, stroke or stenosis of carotids and venous thrombosis (Philipp 
et al., 1998; Della Valle et al., 2001). Markus et al. (1995) reported that the DD genotype is a 
risk factor for lacunar stroke but not for caro tid atheroma. However, the precise role of the 
I/D polymorphism is not clear, so more association studies are necessary. 
A series of studies have been carried out to elucidate the mechanisms of the athero-
thrombotic pathology in the middle-age and older adults. However, few studies have 
examined the joint effect of interaction of environmental factors and molecular markers in 
the risk of thrombosis particularly among the young. However, these claims have been 
challenged. Based upon in this observation it was considered important to study the role of 
the risk factors and molecular markers for th rombosis in Hispanics living in Costa Rica, 
Central America. In the population of Costa Rica (CR) and its different ethnic groups the 
prevalence of molecular risk and protective fa ctors are few reports until now. In order to 
estimate the role of these factors in this population it is necessary to know their prevalence 
and it will be interesting to compare with one Caucasian population as NE Germany, see 
Figure 1. 
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Fig. 1. The approximate geographic locations of the six tribes of CR Amerindians 

2. A brief history of Costa Rican population 

The current population of Costa Rica presents an ancestral gene combination of 
Amerindians (30%), Africans (10-15%) and Caucasians (50-60%) (Barrantes, 1998). In the pre-
Columbian period, the human population in this area was composed of Amerindian tribes 
descending from the Na-dene and North-American Eskimos (Torroni et al., 1994). Four of 
the tribes studied (Guatuso, Guaymi, Cabecar, Bribri) belong to Chibcha-speaking tribes of 
lower Central America (Thompson et al., 1992; Barrantes, 1998). The Chibcha, which have 
been separated biologically and linguistically  from other groups of this region, show 
differences in some aspects when compared to other North and South American groups of 
Indians (Barrantes et al., 1990; Thompson et al., 1992) and also have rare genetic variants 
and private polymorphisms.  
The Chorotega, another tribe included in the present study (Figure 1), belong to the 
Mesoamerican culture with strong influences from the Aztec and Maya culture (Ibarra, 
2001). At present, this tribe is located in the western Pacific area of the country. 
The Huetar tribe inhabited the North-Central ar ea of Costa Rica during the time of the 
Spanish Conquest. At the present time, they are located in the southwest of the country 
(Figure 1). During colonization, the admixture between Spanish colonizers, mostly from the 
south of Spain, and indigenous women began (Thiel, 1977; Ibarra, 2001).  
In the 16th and 17th centuries Africans were firstly brought to Costa Rica by the transatlantic 
slave trade from western and Central Africa. Th e first settlement of Africans in Costa Rica 
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the risk factors and molecular markers for th rombosis in Hispanics living in Costa Rica, 
Central America. In the population of Costa Rica (CR) and its different ethnic groups the 
prevalence of molecular risk and protective fa ctors are few reports until now. In order to 
estimate the role of these factors in this population it is necessary to know their prevalence 
and it will be interesting to compare with one Caucasian population as NE Germany, see 
Figure 1. 
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Fig. 1. The approximate geographic locations of the six tribes of CR Amerindians 

2. A brief history of Costa Rican population 

The current population of Costa Rica presents an ancestral gene combination of 
Amerindians (30%), Africans (10-15%) and Caucasians (50-60%) (Barrantes, 1998). In the pre-
Columbian period, the human population in this area was composed of Amerindian tribes 
descending from the Na-dene and North-American Eskimos (Torroni et al., 1994). Four of 
the tribes studied (Guatuso, Guaymi, Cabecar, Bribri) belong to Chibcha-speaking tribes of 
lower Central America (Thompson et al., 1992; Barrantes, 1998). The Chibcha, which have 
been separated biologically and linguistically  from other groups of this region, show 
differences in some aspects when compared to other North and South American groups of 
Indians (Barrantes et al., 1990; Thompson et al., 1992) and also have rare genetic variants 
and private polymorphisms.  
The Chorotega, another tribe included in the present study (Figure 1), belong to the 
Mesoamerican culture with strong influences from the Aztec and Maya culture (Ibarra, 
2001). At present, this tribe is located in the western Pacific area of the country. 
The Huetar tribe inhabited the North-Central ar ea of Costa Rica during the time of the 
Spanish Conquest. At the present time, they are located in the southwest of the country 
(Figure 1). During colonization, the admixture between Spanish colonizers, mostly from the 
south of Spain, and indigenous women began (Thiel, 1977; Ibarra, 2001).  
In the 16th and 17th centuries Africans were firstly brought to Costa Rica by the transatlantic 
slave trade from western and Central Africa. Th e first settlement of Africans in Costa Rica 
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1. Introduction  

The thrombophilia represent a spectrum of coagulation disorders associated with a 
predisposition for thrombotic events (d eep vein thrombosis (DVT) and pulmonary 
embolism (PE)) (Kaandorp et al, 2009). Inherited thrombophilia include a single-point 
mutation on the Factor V gene (factor V Leiden (FVL), prothrombin (PT) G20210A gene 
mutation, deficiencies in protein C and protei n S as well as antithrombin (AT) deficiency. 
The most entrenched acquired thrombophilia is  the antiphospholipid syndrome (APS). APS 
is a non-inflammatory auto-immune disease characterised by thrombosis or pregnancy 
complications in the presence of antiphospholipid antibodies (Urbanus et al, 2008). 
Recognized obstetric complications include fetal loss, recurrent miscarriage, intrauterine 
growth restriction (IUGR), pre-eclampsia and preterm labour (Lassere and Empson, 2004). 
The association between the diverse group of thrombophilias and adverse pregnancy 
outcome has been studied for over 40 years with numerous studies identifying varying 
coagulation defects. A meta-analysis assessing the impact of thrombophilia and fetal loss 
described varying outcomes and concluded that positive or negative associations were 
dependent on the type of thrombophilia (R ey et al, 2003). This chapter will focus on 
inherited and acquired thrombophilia in pr egnancy, except for the antiphospholipid 
syndrome, which is extensively described in other chapters.  

2. Coagulation changes in normal pregnancy  

During the course of normal pregnancy dramat ic changes occur in the haemostatic system. 
Coagulation factors increase physiologically in  pregnancy and this is thought to be an 
evolutionary mechanism to prevent excessive blood loss at childbirth (Lindqvist, 1999).  

Furthermore, venous stasis, venous damage, decreased fibrinolysis and decreasing 
concentrations of some natural anticoagulants synergistically induce a state of 
hypercoagulation in pregnancy. However these physiological mechanisms also increase the 
risk of thrombo-embolism and this risk of th rombosis is aggravated in the presence of 
pathological conditions that cause hypercoagulation (Stirling et al, 1984). A study of the 
changes in the concentrations of haemostatic components in normal pregnancy 
demonstrated an increase in von Willebrand factor , factors V, VII, and factor X (Clark et al, 
1998). The greatest increase is usually observed in factor VIIIC, alth ough increases in the 
levels of fibrinogen factors II, VII, X and XI I may also be as high as 20-200%. In contrast, 
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1. Introduction  

Pregnancy is physiologically characterized by an increased procoagulant activity; in fact, 
pregnant women have two- to fivefold higher  risk for venous thromboembolism compared 
with nonpregnant women (Grandone et al., 1998). Coagulation factors VII, X, VIII, 
fibrinogen, von Willebrand factor, prothr ombin fragment 1 and 2, and thrombin–
antithrombin complexes increase (Bremme, 2003). In parallel, there is a decrease of 
physiologic anticoagulants such as protein S and the acquisition of activated protein C 
resistance. These physiologic changes appear to relate to the development of an adequate 
placental perfusion and provide a protective mechanism for hemostasis during delivery. A 
hypercoagulable state may expose, however, the pregnant women to thrombotic risk during 
pregnancy and the immediate postpartum period. This risk is higher in women with 
multiple thrombophilic defects (Tranquilli et al., 2004). Congenital thrombophilia includes 
deficiency or defects of some factors such as antithrombin, protein C and S, and in the case 
of genetic specific mutations of one or more genes among these indicated: 
methylenetetrahydrofolate reductase (MTHFR  C677 T), Prothrombin (FII G20210A), Factor 
V (FV G1691A), and Plasminogen activator inhibitor-1 (PAI-1 4G/5G). In the literature, 
thrombophilia has been reported as related to obstetric pathology; in particular, the 
association with intrauterine fetal death (IUFD) , a complication that ranged from 4.9 to 10.4 
babies in each 1,000, and where in the 12% to 50% of cases the cause remains unknown, has 
been confirmed (Martinelli et al., 2003;  Kupferminc et al., 1999; Preston et al. 1996) or not 
confirmed (Gonen et al., 2005). Although thrombophilia is extensively studied for its 
implications in pregnancy complications, the role of different factors, the gestational age at 
which those factors may intervene, has not been completely elucidated, nor has it been 
given enough relevance to the weight of fetal thrombophilia in the orig in of some specific 
form of those obstetric complications (Tranquilli et al., 2006). Most of the actual studies in 
the literature have focused their attention on maternal biologic samples and considering 
exclusively the genetic contribution of the mother. 

2. Placental genetics and biology  

The placenta is the highly specialised organ of pregnancy that supports the normal growth 
and development of the fetus. Changes in placental development and function have 
dramatic effects on the fetus and its ability to  cope with the  intrauterine environment. 
Implantation and the formation of the placenta  is a highly coordinated process involving 
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