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Preface

Thrombophilia has appeared as a diverse group coagulation disorder associated with
thrombosis development tendency. Both acquired and inherited thrombophilia shows
relationship with a risk of pregnancy failure. Despite the extended researches, the
influence of thrombophilia on gestation complications and potential management op‐
tions stays indistinct and undergoes frequent revaluations.
The main purpose of “Pregnancy Thrombophilia - The Unsuspected Risk” is to provide
an update of the current statements of the place and treatment options of thrombophilic
conditions during pregnancy. The thrombotic state and its control during pregnancy
appears in a new direction in high risk pregnancy follow up. Providing continuous up‐
dated evidence concerning these pregnancy states is a sizable goal of mother-fetus
health involved practitioners.
The authors of “Pregnancy Thrombophilia - The Unsuspected Risk” attempt to propose
up-to-date, concise statements about pregnancy thrombophilia and current indications
for treatment options encompassing both clinical and basic knowledge of the problem.
The first and second book’s chapters provide recent knowledge about molecular basis
of thrombophilia state and its clinical and pathological appearance in mother, fetus,
and placenta.
The further two chapters discuss the main target groups of women with pregnancy
complications needing thrombophilia testing and an incoming pharmacogenetic ap‐
proach of individualized antithrombotic therapy.
Chapters five and six summarize the current view for the place of acquired thrombo‐
philia – antiphospholipid antibody syndrome and systemic lupus erythematosus dis‐
ease in adverse pregnancy outcome and supplemental therapy in concern with
anticoagulant treatment.
Because of the specific processes concerning embryo implantation and placenta devel‐
opment after IVF, a separate chapter has been added to give contemporary position for
the influence and treatment requirements in women with thrombophilia undergoing
assisted reproduction.
Thanks to the different affiliation fields of the book’s authors and editors, an extensive
view of pregnancy thrombophilia conditions have been given using current published
clinical trials and still-in-laboratory investigations.
“Pregnancy Thrombophilia - The Unsuspected Risk” has been faced to all specialists,
being involved in mother-fetal health care and it gives a chance for them to form their
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own opinion for studying and treating maternal thrombophilic state. The content is
open for feedback, concerning further update, improvement of the scientific substance
and applied clinical guidelines directions.

Petar Ivanov, MD, PhD, OB/GYNs
Clinical Institute for Reproductive Medicine, IVF Unit
Medical University Pleven, Biochemistry Department

Pleven, Bulgaria

PrefaceVIII

Chapter 1

Genetics and Molecular Pathophysiology of Thrombotic
States

Ludek  Slavik

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/56528

1. Introduction

Venous thrombosis is a multifactorial disease frequently related to the interaction of genetic
and environmental risk factors. Testing for specific mutations in these patients helps to
determine the decision on the duration of anticoagulant therapy, risk stratification for primary
or secondary prophylaxis. Some of the recently discovered genetic risk factors, such as factor
V Leiden and prothrombin G20210A mutations, are quite common in the population. When
compared to functional assays, molecular assays provide clear results without different cut-
off values. Accordingly, laboratory investigation of thrombophilic disorders has expanded due
to incorporation of modern molecular assays. Criteria used to select specific DNA methodol‐
ogies reflect the issues of cost, automation, speed, reliability, and simplicity for specific
diagnostics. A variety of currently used molecular methods fulfill many, but not all of these
criteria. The new methods of real-time PCR and DNA microarrays offer the potential for
widespread application and utility in the future. Problems arise with interpretation in many
new polymorphisms without significant clinical relevance.

Let's look at the history of molecular diagnosis of thrombophilia. Since the very beginning of
the diagnosis of thrombophilic disorders, which arose from the study of families with a high
frequency of thrombophilic complications, it was apparent that in a number of cases, the
disorder was due to dominantly inherited conditions. Already the discovery of the first
families presenting a defect in antithrombin (AT) led to the description of the genetic causes
of this defect. As such, over 150 causes of AT mutation were described.

Molecular genetic methods were implemented into the screening examinations for thrombo‐
philic disorders in the 1990’s along with the first discoveries of coagulation inhibitors (AT,
protein C and protein S). The discovery of the molecular cause of activated protein C (APC)
resistance by Bertina in 1994 greatly expanded their utilization.

© 2013 Slavik; licensee InTech. This is an open access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.

© 2013 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons 
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution, 
and reproduction in any medium, provided the original work is properly cited.
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Figure 1. Prevalence and risk of individual thrombophilic markers with a time line representing their discovery[1] De‐
spite the expansion of these methods, the following years brought forth discoveries of defects on a molecular basis,
which posed decreasing risks of thrombosis, as can be seen in Fig 1. However, until the end of the last century, it has
been assumed that further investigations of genetic causes of thrombophilia are needed to clarify the risk of this disor‐
der in a more detailed manner. Currently, it is apparent that there is a deflection from this idea and attention is fo‐
cused rather on the elucidation of the complex pathophysiology of coagulation at the molecular level.

Successive determination of relative risk of individual factors and their prevalence in the
population led to the gradual definition of the panel of genetic thrombophilia. Currently, they
can be divided into two groups i.e.1/ a well-defined genetic thrombophilic risk factors and 2/
potential risks factors of thrombophilia.Well-defined VTE risk factors include resistance to
activated protein C (APCR) often due to factor V Leiden (FVL), prothrombin G20210A gene
mutation (FII G20210A), high factor VIII (FVIII) activity or homocysteine level, and natural
anticoagulant deficiencies: antithrombin (AT), protein C (PC), and protein S (PS). Patients with
laboratory-confirmed thrombophilia are at greater risk for VTE, but most will never have such
an event[2]. VTE risk increases synergistically as other risk conditions are acquired (eg,
pregnancy, trauma, immobilization). More than 60% of patients with idiopathic (spontaneous
or unprovoked) VTE have inherited thrombophilia[3].

An individual’s risk for VTE would be determined by the combination of baseline propensity
for thrombosis and the magnitude of the acute insult. In the face of genetically increased
baseline hypercoagulability (major genetic thrombophilic state) even a relatively weak insult
(e.g., blood stasis during a flight) can be sufficient to precipitate DVT. Likewise, in an indi‐

Pregnancy Thrombophilia - The Unsuspected Risk2

vidual with a relatively low level of baseline genetic hypercoagulability (potential genetic
thrombophilic state) a relatively strong thrombogenic event (e.g., pregnancy) may be required
to provoke an episode of VTE[4]. Thus, the precipitating event in such individuals is often
clinically overt. In most cases, such thrombophilic individuals never suffer VTE throughout
their lifetimes, and when they do have an episode, it is unlikely to recur. In contrast, an
individual with a high level of baseline genetic hypercoagulability is at such high risk that
relatively minor acquired triggers can initiate a thrombotic episode. These triggers are
therefore subclinical, giving the appearance that the patient has “idiopathic”, “spontaneous”,
or “unprovoked” VTE.

Thrombophilia Prevalence* (%) Relative risk

Antitrombin deficiency 0.02 10

Protein C deficiency 0.2 - 0.4 10

Protein S deficiency < 1 10

FV Leiden (G1691A) homozygosity 0.02 50

FV Leiden (G1691A).heterozygosity 5-7 5 - 7

F II (G20210A) 2 - 7 2 - 3

Fibrinogen gamma 10034T 6 2

* prevalence in Caucasian population

Table 1. Prevalence and relative risk of venous thromboembolism associated with well defined major genetic risk
factors[5]

2. Major genetic thrombophilic states

Major genetic thrombophilic states include defects with clinically confirmed risk for VTE and
an understanding of the pathophysiological action of these defects.

2.1. Antithrombin

Egeberg first described familial antithrombin III deficiency, now termed antithrombin
deficiency, in 1965[6]-[8]. This first work already pointed out that antithrombin deficiency is
a significantly more serious risk factor for developing thrombosis than protein C and S
deficiency, and that the majority of patients show clinical manifestation before the age of 25[7],
[9]. This does not pertain to changes of the heparin binding site, which occurs frequently, and
does not present a risk in the heterozygous form[9].

Based on extensive studies, the thrombotic risk for patients with AT deficiency was determined
to be increased five-fold, based on the 1.1 % prevalcence of this deficiency in patients with
venous thrombosis compared to 0.2 % prevalence in the control group[10]. Other studies
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determined the prevalence of AT deficiency to be between 1 – 0.5 % [6]. There are two primary
types of antithrombin deficiency: type I and type II. Type I antithrombin deficiency is charac‐
terized by an inadequate amount of normal antithrombin present. In this case, there is simply
not enough antithrombin present to inactivate the coagulation factors. In type II antithrombin
deficiency, the amount of antithrombin present is normal, but it does not function properly
and is thus unable to carry out its normal functions. In many cases, the antithrombin in type I
deficiencies has a problem binding to heparin, although there have been multiple other
changes to the antithrombin molecule described.

Antithrombin deficiency may be assessed by chromogenic or clotting laboratory methods. The
chromogenic assay is the most simple and usually preferred. Overall, there are fewer con‐
founders with antithrombin activity assays than with protein C or protein S activity assays;
partly because chromogenic antithrombin activity assays are performed rather than clot-
based[11]. For antithrombin activity, chromogenic (IIa- or Xa-) based assays which are not
affected by heparin are available. Thrombin (IIa)-based assays, in theory, can be falsely
elevated by elevated heparin cofactor II because heparin cofactor II is a natural inhibitor of
thrombin. Factor Xa-based assays might be less sensitive to type II deficiencies than the IIa-
based assays[12]. Direct thrombin inhibitors falsely increase results in IIa-based assays but not
with Xa-based assays, because they inhibit factor IIa but not factor Xa[13].

A false-positive result for a type II deficiency may occur in the presence of a heparin-binding
site (HBS) mutation. Extending the incubation time of the activity assay to 300 sec may help
normalize results, since the extra time allows the assay to overcome this limitation and
normalize results, whereas other (clinically important) mutations remain abnormal[14]. In
general, HBS mutations are thought to be not significant except in homozygotes[14].

Another caveat with antithrombin testing involves different type II mutation called antith‐
rombin Cambridge II A384S[15],[16]. Heterozygotes and homozygotes with this mutation
were found to have normal activity in an anti-Xa assay (and appropriately low activity with
an anti-IIa-based assay). Heterozygosity was found in 0.1–0.2% of the general population and
0.4–1.7% of patients with venous thrombosis. Heterozygosity was associated with a ninefold
increased risk for venous thrombosis. The main disadvantage of screening for deficiency using
an antithrombin antigen assays is that type II (qualitative) deficiencies will not be detected.

2.2. Protein C

The first studies demonstrating increased risk of thrombosis in patients with heterozygous
protein C deficiency were presented in 1981[17],[18]. No difference between patients with
various types of deficiency (I or II) and basic mutation were noted. These studies showed that
a large majority of patients already has clinical manifestations of the disease at a young age[19].
In addition, it is interesting to note that in some patients, APC resistance was also present as
an additional factor increasing the risk of thrombosis[20].

The prevalence of protein C deficiency in patients with venous thromboembolism has been
determined to exist approximately 3%[21]-[23] compared to 0.2 % prevalence in the healthy
population[18]. When compared with the control group, the relative thrombotic risk for
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protein C deficiency is apprixomately 6.5 fold[24]. Despite the relatively low population
prevalence, the high risk of thrombogenicity results in a 1–2% contribution of protein C
deficiency on all thrombophilic conditions.

Protein C deficiency can be detected by chromogenic or clotting methods. Both assays may
have pitfalls in testing. Clot-based assays are aPTT- or Russell viper venom (RVV) based, either
of which can give falsely high results in the presence of direct thrombin inhibitors. With aPTT-
based assays, lupus anticoagulants can cause falsely high results and elevated factor VIII or
factor V Leiden can cause falsely low results. Heterozygous factor V Leiden did not appear to
affect an RVV-based assay, but artificially low protein C results in homozygous factor V Leiden
patients could not be excluded due in part to the small number of such patients[25]. Lupus
anticoagulants did not falsely increase protein C levels using an RVV-based assay[25], but
according to the manufacturer, the possibility of lupus anticoagulant interference cannot be
excluded.

There are two primary types of antithrombin deficiency: type I and type II. Type I antithrombin
deficiency is characterized by an inadequate amount of normal antithrombin present. In this
case, there is simply not enough antithrombin present to inactivate the coagulation factors. In
type II antithrombin deficiency, the amount of antithrombin present is normal, but it does not
function properly and is thus unable to carry out its normal functions. In many cases, the
antithrombin in type I deficiencies has a problem binding to heparin, although there have been
multiple other changes to the antithrombin molecule described. None of these conditions affect
chromogenic assays, but there is a rare type II variant that might not be detected by chromo‐
genic assays but is detected by clot-based assays. More recently, another rare variant, Asn2Ile,
has been identified that is missed by chromogenic assays, and it is also missed by some clot-
based assays[26]. Testing protein C while on warfarin therapy is not recommended because
warfarin decreases protein C (and protein S) levels. However, if testing is inadvertently sent
while on warfarin, the result with a chromogenic assay is typically higher than with clot-based
assays.

2.3. Protein S

Protein S is an important anticoagulant protein, which acts as a non-enzymatic co-factor of
activated protein C (APC) during inactivation of factor Va and VIIIa. Laboratory screening of
protein S deficiency is complicated by the fact that protein S circulates in bloodstream in two
forms, i.e. bound and free[27]. Forty percent of total protein S is represented by free protein S,
which acts as the APC co-factor.

Protein S deficiency may be divided into three basic forms. Type I is characterized by a decrease
in total protein S most often due to decreased synthesis, type II is characterized by decreased
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a genetic viewpoint, 70 different mutations in the gene for protein S have been described to
date.

The detection of protein S deficiency is complicated, because protein S circulated in the blood
stream in two forms, i.e. bound protein S associated with C4b binding protein (60%) and free
protein S (40%). The thrombotic risk potential constitutes only free protein S. Protein S activity
may be determined using clot-based (aPTT, PT, Xa or RVV) assays. A number of factors may
interfere with clot based assays. Lupus anticoagulants or direct thrombin inhibitors[28] can
cause falsely elevated results. Factor V Leiden can cause falsely low results with PT-, Xa-, RVV-,
and some aPTT-based assays[29]-[31]. With aPTT-based assays, elevated factor VIII can cause
falsely low results because factor VIII shortens the aPTT in the assay.

Protein S free or total antigen assays do not suffer from similar limitations. Acute phase
reactions (e.g., illness, inflammation) can falsely decrease protein S in vivo, and it is a common
cause of low protein S activity or decreased free antigen results (but not total protein S antigen).
This effect is attributed to C4b-binding protein, which becomes elevated during acute phase
reactions. C4b-binding protein binds to protein S, thus reducing the amount of free protein S.
When protein S is bound to C4b-binding protein, it is essentially inactive. The main disad‐
vantage of free or total protein S antigen assays is that type II deficiencies will not be detect‐
ed[32], but the majority of hereditary protein S deficiencies are type I (quantitative).

3. Factor V Leiden and APC resistance

The detection of Factor V Leiden (FVL) is usually performed as genetic confirmation of
activated protein C (APC) resistance positivity. The classical assay for activated protein C
resistance detects a ratio between a baseline activated partial thromboplastin time (aPTT) and
the aPTT with APC. A variety of conditions can cause "falsely elevated" or "falsely decreased"
ratios and interfere with this test, rendering it somewhat insensitive and nonspecific for
diagnosing FVL, However, a positive result of APC resistance, due to acquired factors, may
pose the same risk as the presence of the FVL mutation [33].

Elevated factor VIII (FVIII), the presence of a lupus anticoagulant, and certain drugs including
oral contraceptives, estrogen, vitamin K antagonists, heparin, or direct thrombin inhibitors
may interfere with the traditional aPTT-based APC assay. Improved assays are available,
including the second-generation assay for activated protein C resistance, with sensitivity and
specificity approaching 100% for the diagnosis of factor V Leiden[34]. The modification
involves diluting the patient plasma into factor V-deficient plasma, thus minimizing the effect
of factor V deficiencies and factor FVIII elevations that alter the baseline aPTT. Despite these
changes, lupus anticoagulants may cause falsely low ratio results and direct thrombin
inhibitors can cause falsely normal ratio results[35],[66].

Newer test options include Russell viper venom (RVV)-based assays, which uses the factor X
activator from RVV. The reagent contains phospholipid designed to reduce lupus anticoagu‐
lant interference.

Pregnancy Thrombophilia - The Unsuspected Risk6

A factor Xa-based clotting assay is a third type of new assay for APC resistance. The method
includes dilution into a proprietary reagent containing purified factors II, fibrinogen, protein
S, and activated protein C. The inclusion of these factors presumably eliminates interference
due to deficiencies or increased levels of these proteins.

While APC resistence positivity caused by presence of lupus anticoagulants is often considered
to be „falsely elevated“, several studies report that this parameter has some clinical signifi‐
cance.

While APC resistance positivity caused by lupus anticoagulants is often thought of as an
"falsely elevated", some studies report that it have clinical significance.

Factor V Leiden can be detected by several DNA assays. In recent years, different molecular
approaches, including restriction fragment length polymorphism (RFLP) and real-time PCR,
have been developed to genotype single nucleotide polymorphisms (SNPs). Compared with
more traditional methods such as RFLP, real-time PCR is a fast, simple, and accurate procedure
for SNP genotyping of medium to large collections of samples. Real-time PCR analysis can be
performed using various strategies[5]. In the hydrolysis assay, the probe and fluorescent
chromogen is released by hydrolysis during PCR amplification and the free probe quantity is
proportional to the fluorescence[37]. Fluorescence resonance energy transfer (FRET) is a
method that distinguishes alleles by melting the products and monitoring the loss of fluores‐
cence using an allele-specific oligonucleotide probe which hybridizes to specific sequen‐
ces[38]-[40].

High-resolution melting analysis with LCGreen™ I is a newly designed analysis that de‐
tects heteroduplexes during homogeneous melting curve analysis with a new fluorescent
DNA  dye[41].  Genotyping  of  single-nucleotide  polymorphisms  (SNPs)1  by  high-resolu‐
tion melting analysis in products as large as 544 bp has been reported. This allows closed-
tube, homogeneous allele-specific PCR genotyping [45],[46], on real-time PCR instruments
without fluorescently labeled probes[42]-[44]. Heterozygotes are identified by a change in
melting curve shape, and different homozygotes are distinguished by a change in melting
temperature  (Tm).  However,  it  is  still  not  clear  whether  all  SNPs can be  genotyped by
this method[45]-[47].

Among the Caucasian population,  factor  V Leiden (factor  V 1691G-A) is  the most  com‐
mon genetic defect causing thrombosis[48]-[54]with a frequency between 2 and 15 % [49]..
Factor  V mutation was first  described by Bertina et  al  in  1994 at  the University of  Lei‐
den[55],  based  on  the  discovery  of  resistance  to  activated  protein  C  (APC),  which  was
first described in 1993[56]. The heterozygous form of factor V Leiden increases the risk of
thrombosis 3 – 8x [49],[57],[58], while the homozygous form presents a risk which may be
up to 80 times greater[59].

Factor V Leiden is present in up to 20% of patients with venous thrombosis[50],[57] and in
over half of probands in selected families with thrombophilia making it the most common
genetic abnormality in patients with thrombosis.
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4. Pathophysiology of action FV Leiden mutation

FV plays a key role in both the procoagulation and anticoagulation cascade processes. In the
activated form, it acts as a co-factor for FXa in the prothrombinase complex and as such
catalyses the conversion of prothrombin to thrombin. In the inactive form FV acts as an APC
co-factor in the regulatory activity of FVIIIa. In inherited and acquired defects, this double role
allows FV to influence the manifestation of these disorders into hemorrhagic or thrombotic
forms [60],[61]. To determine this manifestation, it is necessary to recognize precisely the
procoagulation and anticoagulation forms of FV[63].

Figure 2. Schematic representation of the structure of FV

Unlike FV, FVa increases the FXa activated conversion of prothrombin in the prothrombinase
complex. It may be expected that the cleaved B-domain allosterically inhibits the binding of
FV in the active site of FXa [63].

The mechanism by which FVa acts on FXa is not completely understood. Based on the latest
works, it may be assumed that FVa increases the binding affinity of FXa to phospholipids by
about 100x. In addition, it was determined that FVa in the prothrombinase complex does not
change the binding site of FXa, but instead increases the affinity of the prothrombinase complex
to prothrombin and ensures an increase in binding sites.

The co-factor activity of FVa is balanced by APC, which proteolytically cleaves FVa at the
Arg306, Arg506 and Arg679 sites of the heavy chain. The weakest inactivation is seen during
cleavage at the Arg679 site. Latest discoveries suggest two pathophysiological models of FVa
cleavage. The first model assumes preferential cleavage at the Arg506 site followed by cleavage
at the Arg306 site. Alternatively, FVa may be inactivated directly by cleavage at the Arg306
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site. Cleavage at the Arg506 site also decreases the affinity of FVa to FXa, while cleavage at the
Arg306 site causes complete inactivation of FVa [64].

5. Anticoagulation function of FVa

Aside from its procoagulation function, FVa also possesses an anticoagulation function, which
is expressed as APC activation. In this case it is a cofactor in the proteolytic cleavage of
FVIIIa[65]. Recent experimental works supports this model where the addition of purified FV
renewed the function of APC in both healthy patients and in families with the Leiden mutation.
The experiments utilized measured generation of thrombin.

Figure 3. Anticoagulation structure of FV[59]

Thus if the anticoagulation function of FV is required, cleavage must occur in position Arg506.
Unlike APC mediated cleavage in sites Arg306 and Arg679, which does not exhibit anticoa‐
gulation activity.

6. FV and thrombophilia

Such described pathways of FV activation point to the balance of pro- and anticoagulation
activity of factor V and its significance in maintaining haemostatic equilibrium. The pathways
of FV activation describe the mututal balance of both pro- and anticoagulation activity of factor
V and its significance in maintaining haemostatic equilibrium.
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APC resistance is an in vitro described phenomenon, which is characterized by a slight
anticoagulation response to APC in plasma. Such decreased sensitivity to APC leads to
inadequate regulation of thrombin production. As such, APC resistance is associated with an
increased risk of developing thrombosis. APC resistance is associated with FV Leiden mutation
in up to 90 % of cases.

FV Leiden mutation significantly influences the pro- and anticoagulation balance of FVa. The
Leiden mutation, which leads to the disappearance of the Arg506 cleavage site, causes an
insufficient decrease of the procoagulation activity of FVa, which explains the presence of
procoagulation states in carriers of the Leiden mutation.

Figure 4. A schematic illustration of the activation of FV to procoagulation and anticoagulation forms

The discovery of a second pathway of action of FVa, where via APC it acts as a co-factor during
proteolytic cleavage of FVIIIa aids us in establishing the effect of the Leiden mutation. Since
FV with the Leiden mutation does not contain a cleavage site in the position Arg506, the
anticoagulation form FVac cannot be produced and therefore there is only weak co-factor
activity of APC during FVIII proteolysis.
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7. Prothrombin 20210A

Mutations in the 3´- untranslated region of the prothrombin gene in the position 20210 G-A
are associated with an increased level of prothrombin and as such present an increased risk of
developing thrombosis[66]. This mutation was described with a high prevalence (up to 18%)
in families with thrombosis and in 6.2% of patients with first thrombosis[66].

F II 20210G-A mutation in the gene for prothrombin was found through linkage analysis in
families with a history of venous thrombosis and no other congenital or acquired thrombophil‐
ic risk factors[67]. The mutation is located in the 3 'gene region, which already does not over‐
write to the protein. The mutation is located in the 3 'gene region, which already does not
overwrite to the protein. Therefore, it appears difficult to develop a specific functional coagula‐
tion tests based FII activity determination. However, in large clinical studies found significant‐
ly elevated levels of prothrombin mutations in patients with FII 20210 GThere is no evidence
that the homozygous mutation carriers have a higher level of prothrombin than heterozygous.
The pathophysiologic influence of the mutation is not yet fully explained. The original view
was that the mutation alters the conformation of the pre-mRNA 3'UTR, which has an increased
affinity for the production of polyA end. This causes an increased concentration of mRNA with
an increase in protein synthesis, so the greater the level of prothrombin in plasma[68]. Later
work demonstrated that the mutation does not affect the mRNA level, but instead 3' cleavage/
polyadenylation, which affects abnormal properties of mRNAs[69]. Finally, recent work show‐
ing abnormal properties mRNA 20210A mutation in the 3'UTR, which cause the emergence of
polyA preferentially in the presence of this mutation in the mRNA[70].

The prevalence of this mutation in the normal population is 1.7% in northern Europe and 3%
in southern Europe[71],[72]. This mutation is very rare among people of African and Asian
origin. It was found that originated as a founder effect until after the separation of Caucasian
populations [73]-[76].

Apart from this, the mutation may represent an additional risk factor for spontaneous abor‐
tions especially during the first trimester[77]. The risk of venous thrombosis is significantly in‐
creased in women with prothrombin mutation during pregnancy and after childbirth,and the
frequency of thrombosis further increases in the presence of an additional risk factor, which -
among others - can be factor V Leiden[78]. Prothrombin mutation may also affect the risk of ar‐
terial thrombosis, but this has not been clearly demonstrated yet. In a large group of 3028
patients, a statistically significant relationship between the mentioned mutations and ischemic
stroke (odds ratio 1.44) [79] was demonstrated. Ingeneral the risk of spontaneous recurrent
thromboembolic events is the same in patients with mutations without such mutations[80].

8. Potential genetic thrombophilic states

8.1. Plasminogen activator inhibitor-1 mutation

The plasminogen activator inhibitor-1 (PAI-1) mutation is a single base insertion or deletion
at position -675 (4G/5G) in the promoter region of the PAI-1 gene, which is associated with
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8. Potential genetic thrombophilic states

8.1. Plasminogen activator inhibitor-1 mutation

The plasminogen activator inhibitor-1 (PAI-1) mutation is a single base insertion or deletion
at position -675 (4G/5G) in the promoter region of the PAI-1 gene, which is associated with
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higher levels of PAI-1 transcripts and also higher plasma activity of PAI-1[81]. In the PAI-1 -
675 4G/5G mutation, the 4G site binds an enhancer element only, whereas the 5G allele binds
both enhancer and suppressor elements. As a result individuals with 4G/5G or 4G/4G geno‐
types have an increased level of transcription and consequently a higher PAI-1 protein level
than individuals with 5G/5G polymorphism. Because PAI-1 is a rapid inhibitor of tissue
plasminogen activator (t-PA), the 4G/5G variant of mutation can increase the activity of PAI-1
and decrease the conversion of plasminogen to plasmin, which causes decreased fibrin
degeneration and increased clot stabilization.

Under physiological conditions, PAI-1 is released into the circulation and the extracellular
space by only a few cells: liver cells, smooth muscle cells (SMC), adipocytes, and platelets are
the major sources of PAI-1. This results in plasma levels of only 5–20 ng/ml of active PAI-1,
sufficient to control fibrinolysis and extracellular proteolysis.

Under pathological conditions, however, several other tissues secrete quite large amounts of
PAI-1: tumor cells, endothelial cells in response to inflammatory cytokines, and other inflam‐
mation-activated cells. High PAI-1 plasma levels are consistently found in patients with severe
sepsis but also with other acute or chronic inflammatory diseases such as atherosclerosis. PAI-1
is upregulated by inflammatory cytokines and may therefore be regarded as a marker for an
ongoing inflammatory process. It is of major importance, however, that no classic inflamma‐
tory response element was found in the PAI-1 promoter region, and it is still unclear how PAI-1
expression is upregulated during inflammation[82].

8.2. Fibrinogen

Fibrinogen is a 340-kDa glycoprotein produced in the liver with a plasma concentration of 180
- 450 mg/dl. It consists of two monomers linked by a disulfide bond. Each monomer consists

Figure 5. Schematic action PAI-1 in regulation mechanism of fibrinolytic system
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of three polypeptide chains encoded by three distinct genes: Aa, Bb and γ. It binds to the
platelet through the glycoprotein IIb/IIIa receptor and, therefore, is highly involved in the
thrombotic processes. It also has a direct effect on the vascular wall and blood viscosity. An
association between increased circulating levels of fibrinogen and the development of arterial
thrombosis has been demonstrated[83],[84]. The mechanisms that explain the association
between increased fibrinogen and AMI include increased fibrin formation, increased blood
viscosity, platelet hyperaggregability and an increased proliferation of vascular endothelial
and smooth muscle cells[85]. In addition, fibrinogen is an acute phase reactant and possibly
an indicator of chronic inflammation associated with atherosclerosis.

There are several polymorphisms identified in the genes that code the three polypeptide chains
and are associated with increased concentration of circulating fibrinogen (>500 mg/dl). From
the functional point of view, the most relevant are those in the β chain: Arg448Lis, -148 C/T,
-455 G/A and 854 G/A, with the last two having the most pathophysiological interest due to
their association with the development of vascular disease. The genotype -455A is present in
10-20% of the general population and is correlated with an increase of 10% high concentration
of fibrinogen, prevalence of other mutations not specifically described in current literature.
Some studies[86] showed an association between the -455 polymorphism and an increased risk
for arterial thrombosis.

9. Coagulation factor VII (FVII)

Factor VII is a single polypeptide chain, 406-amino acid glycoprotein with a weight of ~50,000
Da. It is vitamin K dependent protein, synthesized in the liver and has a plasma concentration
of 500 ng/mL. FVII is transformed into its activated form (FVIIa) by binding with tissue factor
(TF). The TF:FVIIa complex converts Factor IX and Factor X to their active forms, FIXa and
FXa. Recent studies have described an association between an increased plasma concentration
of FVII and development of arterial thrombosis[87]

In contrast, polymorphism Arg (R) 353Gln (Q) in the FVII gene is associated with a 20-25%
decreased plasma concentration of FVII.[88]

In addition, several studies[89],[90] have demonstrated that plasma concentration of FVII is
lower in subjects homozygous for the 353Gln allele compared with those homozygous for the
353Arg allele.

In contrast, other studies have been unable to corroborate the association of the polymorphism
R/Q353 with AMI or increase in plasma concentration of FVII in subjects with Arg/Arg
genotype[91].

10. Polymorphisms in platelets

Platelets play an important role in the development of acute coronary syndromes. Platelets
possess glycoprotein receptors on the surface membrane which participate in platelet activa‐
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tion, degranulation and aggregation. These receptors belong to the family of integrins (aIIb
β3) and are highly polymorphic, which often produces an antigenic alteration of the glyco‐
protein. The most frequent polymorphisms present in these glycoproteins are receptors for
von Willebrand factor (vWF) (GPIb-IX, GIIb-III), a in the protein receptor for collagen (GPIa-
IIa), and in the receptor for fibrinogen (GPIIb-IIIa).

The most abundant glycoprotein on the platelet membrane is the GPIIb-IIIa complex. Inacti‐
vated platelets bind through GIIb-IIIa complex to vWF and to fibrinogen. This polymorphism
consists of a thymine substitution for cytosine in the 1565 position in exon 2 of the GPIII
gene[92]. Approximately 25% of the population of northern Europe is a carrier of at least one
allele PLA2 (PLA1/A2). Several studies described an association between this polymorphism
and AMI in patients <60 years[93], ACS[94] and atherothrombosis[95]. Many studies have
attempted to establish an association between the presence of allele PLA2 and coronary artery
disease, but results are still contradictory.

11. Hyperhomocysteinemia

Increased levels of homocysteine are associated with an increased risk of thrombosis[96]-[98].
Two studies performed on an undivided group of patients showed that a level above 18.5
µmol/l in 5 % (10 % respectively) of tested subjects led to a two-fold increase in the risk of
thrombotic episodes[99]-[101]. This means that hyperhomocysteinemia represents 5 – 10 % of
all thrombotic episodes.

Hyperhomocysteinemia may develop due to genetic or acquired dispositions[99]. Acquired
dispositions primarily include low vitamin intake or resorption (B6, B12, folic acid), which
leads to an increase in homocysteine level[101],[102]. Genetic factors include the very rare
cystathione β-synthase deficit, whose homozygous form represents classical hyperhomocys‐
teinemia with very high levels[103], and on the other hand the very common variant of the
methyltetrahydrofolate reductase (MTHFR) gene, which leads to the thermolabile enzyme
variant with a slightly increased homocysteine level[104]-[106]. Currently, direct association
between the MTHFR 677TT variant, increased homocysteine level and risk of developing
thrombosis is not distinctly established[107].

12. Conclusion

The elucidation of the precise pathogenesis of action leads to the conclusion that to explain the
clinical expression of thrombophilic conditions, it is most important to understand the
interaction of at least one genetically dependent thrombophilia with one or more acquired
conditions.

Determination of thrombophilic markers is necessary to evaluate the risk of thrombophilia in
the examined patients. The degree of risk depends largely on the choice of methods for testing
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individual markers and their specificity. Another important reality in the interpretation of tests
are interfering factors for each test.

Uncritical interpretation of laboratory results can lead to misdiagnosis and thrombophilia
testing exemplifies this. If possible errors and overdiagnosis are to be avoided, the following
points should be respected: Normal ranges for antithrombin and proteins C or S levels are
wide and patients with deficiency may have levels that are only slightly below normal.
Repeated testing is often required for diagnostic accuracy. For example, laboratory quality
assurance data have shown that for protein S in particular the rate of laboratory error in
diagnosis can be as high as 20%. Pregnancy induces a state of resistance to the anticoagulant
effect of activated protein C, which mimics the presence of factor V Leiden. Pregnancy and
OCP use lead to a fall in plasma protein S concentration. Antithrombin concentration is
reduced in acute thrombosis, by heparin treatment and in pre‐eclampsia state. Proteins C and
S are vitamin K dependent and their concentrations are reduced by warfarin treatment. Even
if the above potential pitfalls are avoided, there is no indication to routine testing for heritable
thrombophilia at presentation with acute VTE, as clinical management is not influenced by the
results.

Concerning the determination of mutation FII 20210 G / A, the situation is quite the opposite.
Screening test shows high interference with the current status, therefore it is completely
unusable and direct molecular genetic analysis of point mutations FII 20210 G-A.

The identification of potential genetic causes of thrombophilia, such as mutation of fibrinogen,
platelet receptor, PAI-1, F VII and homocysteine are designed for testing the rare causes of
thrombophilia in thrombotic centers. Howeever, they can be beneficial to clarify complex cases
of thrombophilia especially if associated with repeated manifestations in the family.

Genetic testing is a separate part of the diagnosis of thrombophilia. Generally, it is not intended
for screening the universal population, but only to determine the causes of thrombophilia in
defined groups of patients - young patients with a positive family history of thrombophilia,
in patients with previous thrombosis under 45 years of age, patients with the manifestation of
thrombosis in an unusual site (e.g. portal vein), and at women in pregnancy or with using oral
contraceptives.
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1. Introduction

When there is pregnancy establishment, three separate individuals are involved in the process:
the fetus, the mother, and the father. Each has its own unique genetic material, and each has
its own physiologic relationship to the others in the triad. In addition to the genetic heteroge‐
neity, there is also physiologic complex bound between the mother and fetus concluded in
double circulation of the placenta. Both maternal and fetal health affects the placenta circula‐
tion, and health is a combination of genetics and environment, which add further complexity
to the situation.

A recent hypothesis has been given to evaluate lesions in the placenta that are or could be
associated with hypoxia of either the fetus or mother part of placental circulation. The placenta
is a two-part composite organ and is sustained by blood from both the mother and the fetus.
Therefore, thrombophilia (inherited or acquired) in the mother, which might result in throm‐
bosis of the spiral arterioles, could be hypothesized to have one effect on the placenta, whereas
thrombophilia in the fetus would be expected to occlude the fetal vasculature with a different
pattern of pathology.

2. Maternal thrombophilia and placenta pathology findings

It is known that thrombotic tendencies in the mother associated with acquired thrombophilia,
such as the antiphospholipid syndrome, may result in placental pathologic findings of
decreased placental weight, infarcts, increased numbers of syncytial knots, “accelerated villous
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maturation” and atherosis, identical to the findings associated with severe pregnancy induced
hypertension [1, 2]. Because the presumed pathogenesis of the placental pathology is throm‐
bosis of decidual arterioles, it is a logical assumption that similar changes may be seen in the
presence of maternal inherited thrombophilia. The present studies are still in contradiction
regarding whether the presence of inherited thrombophilia in the mother and/or fetus is
associated with placental pathologic changes [3, 4, 5]. There are many variables among the
investigation that attempt to determine whether there is an association between inherited
mother thrombophilia and placental pathology. Studies differ in many respects, including
whether the mutation status of the mother or fetus is assessed, the type of placental lesions
evaluated, and the ascertainment of the subjects.

Pathologic findings which could be supposed as a result of placental ischemia are multitude
but only a couple of them could be connected with disturbance due to the presence of factors
leading to thrombosis development [6, 7, 8].

Lesions hypothesized to reflect maternal thrombotic disease include placentas with weight
small for gestational age (<10th percentile), infarcts, and increased numbers of syncytial knots
(Tenney-Parker change). The placenta’s infarcts have been defined as localized area of
coagulative necrosis in the placenta’s parenchyma which is confirmed histologically. Increased
syncytial knots, described as excessive number of villi with prominent syncytial knots;
although most commonly seen with maternal vascular underperfusion, was also assessed not
only in maternal but also in fetus thrombophilia.

One of the prominent investigations concerning the impact of maternal thrombophilia on
placenta changes during pregnancy was performed by Rogers et al. [9]. They found statistically
significant association of increased syncytial knotting and hypervascular villi with maternal
FVL mutation suggesting that hypoxia of the placental vascular bed occurs more frequently
in mothers with FVL mutation than those without. Rogers et al. found more than three times
prevalence of syncytial knots after investigation of 105 placenta specimens from FVL positive
mothers compared with 225 controls (respectively 13% versus 4% pathological findings,
p=0.004). The investigation was performed over deliveries of health newborns after 35 week
of gestation and was controlled for presence of placenta’s pathology influence factors such as
pregnancy related hypertension, preeclampsia, small-for-gestational-age infants. They also
found increased number of hypervascular villi in FVL positive mothers compared with
controls (10% versus 3%, p=0.018). Placentas from infants heterozygous for FVL mutation had
more avascular villi than controls (OR 2.9, 95% CI 1.5–5.6, p = 0.001). This study was performed
with statistical power to patients’ follow up in a prospective manner and in addition, a single
pathologist, blinded to the clinical data, reviewed the slides to maintain consistency of
observation.

Gogia and Machin [10] found other placenta pathology connected with thrombophilia. They
established that maternal floor infarction (MFI), massive perivillous fibrin deposition
(MPVFD), and fetal thrombotic vasculopathy (FTV) are specific placental lesions with associ‐
ations to recurrent adverse fetal outcomes and with maternal thrombophilia. Maternal floor
infarction was defined as rind of fibrinoid lining the maternal surface of the placenta. Pervil‐
lous fibrin deposition was diagnosed as transmural and not involving the placental periphery
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only. Fetal arterial vasculopathy was confirmed when there was no evidence of cord blood
flow restriction, and thrombi were identified in stem villous arteries, with downstream
avascular villi floating in a patent intervillous space. In the total of 138 investigated placentas
77% of the identified thrombophilia were genetic, and 23% were acquired. Thrombophilia was
identified in 40%, 23%, and 71% respectively in cases of maternal floor infarction, perivillous
fibrin deposition, and fetal thrombotic vasculopathy. The most common genetic thrombophilia
was protein S deficiency, found in 39% of cases followed by FVL established in 31% of cases.

Four other published series investigated maternal and fetal thrombophilia in the context of
specific placental lesions, including fetal thrombotic vasculopathy, maternal floor infarction,
and massive perivillous fibrin deposition. Three of these showed an association between
maternal thrombophilia and placental lesions [11, 12, 13]. Ariel et al [14] found no evidence of
increased prevalence of FVL, FII 20210 G>A, and MTHFR 677 C>T in fetal DNA of 19 cases
with a variety of placental lesions, including occlusive large fetal vessel disease, hyalinized
avascular villi, and chorangiosis. However they did not include maternal floor infarction or
perivillous fibrin deposition, and the investigation was limited to the three types genetic
thrombophilia.

2.1. Conclusion

In summary, there are the alterations of the placenta indicative of the presence of inherited
thrombophilia in the mother, although there are papers which have come to the conclusion
that there is no clear relationship between thrombophilic mutations with placental abnormal‐
ities and/or adverse pregnancy outcomes. This is also confounded by the fact that the throm‐
bophilic mutations are not equally frequent among the races and many studies had small
sample sizes.

3. Fetal thrombophilia and placenta pathology findings

Hereditary and acquired coagulation abnormalities may contribute to hypercoagulability,
especially during the second and third trimester of pregnancy which places the placenta and
ultimately the fetus at risk for complications. Because the placenta is an organ with two
separated by specific membrane circulations, fetal in the villi and maternal between the villi,
placental thrombotic complications may include those contributed by either the mother or
fetus.

Placental findings that indicate maternal thrombotic or thromboembolic events include
placental infarcts in which the villi are infarcted because of maternal vascular compromise. In
these cases the pathology findings are necrotic villi with collapsed or empty intervillous space
(maternal lakes). Fairly rarer are placental findings that suggest a thrombosis in the fetal part
of placental circulation. Fetal-side thrombosis (FST) is uncommon, but could be catastrophic
for fetus fate because of the related high perinatal morbidity and mortality. Evidence of FST
has been documented in cases of fetus congenital stroke [15, 16], renal vein thrombosis [17,
18], and by placental lesions [19, 20]. Thereby the term FST is related not only with placental-
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fetal-vascular thrombosis, but also with fetal-visceral-vascular lesions. Placenta-related FST
are documented by the occurrence of a couple of different histopathological findings. First,
this is macroscopic or microscopic presence of thrombosis in the fetal circulation including
villous vessels, chorionic plate vessels, umbilical vessels. Second, there is hemorrhagic
endovasculitis (extravasated fetal RBCs) in livebirths, related with the presence of areas of
occluded villous vessel with patent (open) intervillous space in the absence of any inflamma‐
tory signs of villitis [21, 22, 23]. The mentioned thrombosis in chorionic villi, chorionic plate
or umbilical vessel has been reported in 4% to 5% of all placentas examined by histology [20].
So the relation between clinical appearance and pathology finding is frequently obscure.
Additionally, some maternal disorders like diabetes mellitus, and placental abnormalities such
as cord anomalies, velamentous vessels, chorioamnionitis with vascular inflammation
(“funisitis” or chorionic plate “vasculitis”), and multigestation are associated with placental
FST. However, these associations are exceptional and the above mentioned pregnancy
complications have been related mainly with maternal side placental thrombosis [24, 25].

Frequently, most placental FST present in placentas with no other findings and in patients
(mothers and infants) with no known risk factors. The clinical significance of placental FST is
controversial. Some authorities regarding even a single thrombus is significant [19], whereas
others attach no significance to a small isolated lesion [25]. The possible association of placental
FST with severe fetal conditions such as cerebral palsy or fetal/infant visceral thrombosis [26]
probably warrants clinical vigilance, but in the cases of absence of specific causes targeted
follow-up is difficult.

One potential cause of placental FST are hereditary haemostatic aberrations. This finding
suggests that the placenta may be the cause of placental vascular insufficiencies either from
maternal or fetal side complications, as suggested by some authors [27, 28]. Recently, perinatal
morbidity has been studied in relation to placental FST and the potential contribution of
inherited hypercoagulability in the fetus is noted as an important differential diagnosis [13].
In these cases an examination of fetus carrier status for thrombophilic mutation has been
considered.

A short prospective and extended retrospective investigation connected with fetal thrombo‐
philia and fetal-side placental thrombosis has been performed by Vern et al [12]. They
evaluated 148 placentas for FST and along with this a carrier status of the fetuses for FVL and
FII 20210 G>A have been performed. FST was found only in 3% of investigated placentas. One
heterozygous fetus for FVL and another for FII 20210 G>A were found giving very low
mutation incidences (less than 1%, in disagreement with reported 3 to 5% appearance in health
Caucasian population). Because of these results, the authors proceeded to analyze a larger
number of placental FST in a separate retrospective study: Five of 27 study cases (18.5%) of
placental FST were identified as FVL heterozygotes by this assay. One case of heterozygosity
for FVL was found among 21 control placenta cases without FTS. The numbers were small,
however, compared with both sets of controls, the number of FVL in infants with placental
FST was significantly increased (P <0.01). None of the known risk factors for placental FST
were present in the FVL heterozygous cases: none had acute chorioamnionitis, maternal
diabetes mellitus, suffered a cord accident, nor had membranous insertions of the cord. This
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excluded confounding factors which could be related with FST pathology. The apparent
increase in the incidence of FVL in placentas with placental FST suggests that in some cases
the cause of placental FST may be fetal thrombophilia. This is supported by the fact that in
these identified FVL heterozygotes, none had any other known risk factor for developing
placental FST. It should be noted that the mentioned study included only fetuses and placentas
from normal pregnancies ended with live born fetus after 37 week of gestation. The histopa‐
thology of placenta of FVL positive stillbirth has not been discussed in this study. Because
individuals with FVL carry a distinct increased risk for thrombotic complications, the authors
suggest that infants (and potentially the parents of these infants), born of pregnancies com‐
plicated by FST in the placenta, should screened for FVL.

Ariel et al [14] investigated the histology findings in positive and negative FVL fetuses which
were born after pregnancy with placental abruption, intrauterine growth restriction or
preeclampsia. They have not found association between FVL and placental thrombotic
changes, nevertheless there were 19 from 64 newborn with FVL thrombophilia (29.7%).

Other authors [29] investigated carrier status for FVL in abortive materials of pregnancies
ended in first and second trimester. Along with mutation establishment, the authors examined
placentas for presence of infarcts on fetal placenta side. The placental infarctions on fetal side
were defined as histology findings of occluded fetal stem artery associated with infarction of
the terminal villi in the distribution of the occluded vessel. So, the maternal side infarction
connected with heavy deposition of fibrin in the decidua beneath the placenta rather than
arterial occlusion and ischemic necrosis of the villi have been excluded. The authors found
greater than twice the carrier frequency of FVL mutation in spontaneously aborted fetuses
(8.6%) than in the control group (4.2%), p = 0.046. Placentas with more than 10% surface
occupied by fetal side infarction were found in 42% of FVL positive fetuses compared with
only 1.9% in placentas from non FVL fetuses (p<0.0001).The results suggest that FVL mutation
predisposes to spontaneous miscarriage and placental infarction in cases of fetal thrombo‐
philia.

Von Kries at al. [30] perform study over 375 Caucasian children born after 37 week of gestation
pregnancy with birth weight “in the lowest quartile” for respective week of gestation. They
investigated children carrier status for FVL, FII 20210 G>A, protein C, S, antithrombin III
deficiency. The authors found non-significant correlation (OR 1.53 95% CI 0.76-3.08) between
single mutation carrier status and significant correlation (OR 4.01 95% CI 1.48-10.84) between
two or more mutation carrier status and intrauterine grow retardation (IUGR). Proportion of
IUGR among children with one and two mutations was respectively 27.3% and 40%. So the
authors concluded that fetal thrombophilia could be an additional cause of low birth weight.

Although it is difficult to gauge whether the presence of FVL or FII 20210 G>A may affect
coagulation in the fetus, especially because fetal and neonatal levels of coagulation proteins
are low and clotting indices such as prothrombin time are prolonged in comparison with adults
[31], the presence of FST in placentas from pregnancies without other thrombotic risk factors
strongly suggests that fetal hypercoagulopathy may exist. Concerning future treatment of FST
or arranging actions against repeated incidences of FST in further pregnancy not very much
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fetal-vascular thrombosis, but also with fetal-visceral-vascular lesions. Placenta-related FST
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Additionally, some maternal disorders like diabetes mellitus, and placental abnormalities such
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(“funisitis” or chorionic plate “vasculitis”), and multigestation are associated with placental
FST. However, these associations are exceptional and the above mentioned pregnancy
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Frequently, most placental FST present in placentas with no other findings and in patients
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controversial. Some authorities regarding even a single thrombus is significant [19], whereas
others attach no significance to a small isolated lesion [25]. The possible association of placental
FST with severe fetal conditions such as cerebral palsy or fetal/infant visceral thrombosis [26]
probably warrants clinical vigilance, but in the cases of absence of specific causes targeted
follow-up is difficult.

One potential cause of placental FST are hereditary haemostatic aberrations. This finding
suggests that the placenta may be the cause of placental vascular insufficiencies either from
maternal or fetal side complications, as suggested by some authors [27, 28]. Recently, perinatal
morbidity has been studied in relation to placental FST and the potential contribution of
inherited hypercoagulability in the fetus is noted as an important differential diagnosis [13].
In these cases an examination of fetus carrier status for thrombophilic mutation has been
considered.

A short prospective and extended retrospective investigation connected with fetal thrombo‐
philia and fetal-side placental thrombosis has been performed by Vern et al [12]. They
evaluated 148 placentas for FST and along with this a carrier status of the fetuses for FVL and
FII 20210 G>A have been performed. FST was found only in 3% of investigated placentas. One
heterozygous fetus for FVL and another for FII 20210 G>A were found giving very low
mutation incidences (less than 1%, in disagreement with reported 3 to 5% appearance in health
Caucasian population). Because of these results, the authors proceeded to analyze a larger
number of placental FST in a separate retrospective study: Five of 27 study cases (18.5%) of
placental FST were identified as FVL heterozygotes by this assay. One case of heterozygosity
for FVL was found among 21 control placenta cases without FTS. The numbers were small,
however, compared with both sets of controls, the number of FVL in infants with placental
FST was significantly increased (P <0.01). None of the known risk factors for placental FST
were present in the FVL heterozygous cases: none had acute chorioamnionitis, maternal
diabetes mellitus, suffered a cord accident, nor had membranous insertions of the cord. This
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excluded confounding factors which could be related with FST pathology. The apparent
increase in the incidence of FVL in placentas with placental FST suggests that in some cases
the cause of placental FST may be fetal thrombophilia. This is supported by the fact that in
these identified FVL heterozygotes, none had any other known risk factor for developing
placental FST. It should be noted that the mentioned study included only fetuses and placentas
from normal pregnancies ended with live born fetus after 37 week of gestation. The histopa‐
thology of placenta of FVL positive stillbirth has not been discussed in this study. Because
individuals with FVL carry a distinct increased risk for thrombotic complications, the authors
suggest that infants (and potentially the parents of these infants), born of pregnancies com‐
plicated by FST in the placenta, should screened for FVL.

Ariel et al [14] investigated the histology findings in positive and negative FVL fetuses which
were born after pregnancy with placental abruption, intrauterine growth restriction or
preeclampsia. They have not found association between FVL and placental thrombotic
changes, nevertheless there were 19 from 64 newborn with FVL thrombophilia (29.7%).

Other authors [29] investigated carrier status for FVL in abortive materials of pregnancies
ended in first and second trimester. Along with mutation establishment, the authors examined
placentas for presence of infarcts on fetal placenta side. The placental infarctions on fetal side
were defined as histology findings of occluded fetal stem artery associated with infarction of
the terminal villi in the distribution of the occluded vessel. So, the maternal side infarction
connected with heavy deposition of fibrin in the decidua beneath the placenta rather than
arterial occlusion and ischemic necrosis of the villi have been excluded. The authors found
greater than twice the carrier frequency of FVL mutation in spontaneously aborted fetuses
(8.6%) than in the control group (4.2%), p = 0.046. Placentas with more than 10% surface
occupied by fetal side infarction were found in 42% of FVL positive fetuses compared with
only 1.9% in placentas from non FVL fetuses (p<0.0001).The results suggest that FVL mutation
predisposes to spontaneous miscarriage and placental infarction in cases of fetal thrombo‐
philia.

Von Kries at al. [30] perform study over 375 Caucasian children born after 37 week of gestation
pregnancy with birth weight “in the lowest quartile” for respective week of gestation. They
investigated children carrier status for FVL, FII 20210 G>A, protein C, S, antithrombin III
deficiency. The authors found non-significant correlation (OR 1.53 95% CI 0.76-3.08) between
single mutation carrier status and significant correlation (OR 4.01 95% CI 1.48-10.84) between
two or more mutation carrier status and intrauterine grow retardation (IUGR). Proportion of
IUGR among children with one and two mutations was respectively 27.3% and 40%. So the
authors concluded that fetal thrombophilia could be an additional cause of low birth weight.

Although it is difficult to gauge whether the presence of FVL or FII 20210 G>A may affect
coagulation in the fetus, especially because fetal and neonatal levels of coagulation proteins
are low and clotting indices such as prothrombin time are prolonged in comparison with adults
[31], the presence of FST in placentas from pregnancies without other thrombotic risk factors
strongly suggests that fetal hypercoagulopathy may exist. Concerning future treatment of FST
or arranging actions against repeated incidences of FST in further pregnancy not very much
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could be done. As it has been known to date, the low molecular height heparins did not cross
placenta so the predictable anticoagulant effect in fetus coagulation could not expected.

4. Doppler ultrasound markers and thrombophilia presence. Influence of
antithrombotic therapy on uterine and placental blood flow

4.1. Introduction

The association between pregnancy complications and high incidence of acquired and
congenital thrombophilia may indicate that disturbances in hemostasis lead to a prothrombotic
state and may predispose affected individuals to either poor embryonic implantation in the
endometrium or, later in pregnancy, to decreased placental perfusion. The proposed under‐
lying mechanisms [32] include interference with trophoblast differentiation, inadequate
placentation, or thrombosis of the placental vasculature, with consequent reduced placental
perfusion, oxidative stress, and maternal endothelial dysfunction that is believed to trigger the
hallmark biological and clinical manifestations of preeclampsia, IUGR or pregnancy loss.

Acquired thrombophilia such as antiphospholipid antibody syndrome has been shown to be
associated with adverse pregnancy outcomes. Direct damage of trophoblast cells and utero‐
placental thrombosis appear to lead to the fetal manifestations of poor growth, oligohydram‐
nios and abnormal Doppler velocimetry. There is some evidence in antiphospholipid antibody
syndrome that treatment with heparin corrects the abnormality in trophoblast invasion and
thrombosis, and also decreases the fetal loss rate. Numerous conflicting studies suggest a
relationship between adverse pregnancy outcomes and genetic thrombophilia. The pathogen‐
esis of the disease is likely to be very similar to antiphospholipid antibody syndrome though
data is limited. But there are considerable controversies about the influence of genetic throm‐
bophilia on the ultrasound markers associated with blood flow in the uterine arteries, circu‐
lation in placental vessels and umbilical cord.

Failure of trophoblastic invasion has been found to be associated with uteroplacental insuffi‐
ciency. Doppler measured parameters both in first and second trimesters have demonstrated
an association between the increased impedance of flow in the uterine arteries and subsequent
development of preeclampsia, IUGR, and fetal death. Doppler ultrasound predicts the
development of severe preeclampsia with higher sensitivity and specificity, compared with
pregnancy-induced hypertension. For example Papageorghiou et al [33] demonstrated that
increased pulsatility index (PI) on Doppler ultrasound was identified in 41% of women who
later developed preeclampsia. The sensitivities for preeclampsia requiring delivery before 36,
34, and 32 weeks were 70%, 81%, and 90%, respectively. Doppler ultrasound has also been
used in the first trimester to predict preeclampsia. The likelihood ratio (LR) for the develop‐
ment of PE was about 5 and for those with normal Doppler results the LR was about 0.5 [34].
Similarly, the LR of developing IUGR is about 4 in women with evidence of increased
impedance of blood flow on Doppler. The main preventive approach in this approach to escape
this pregnancy complication has been connected with low molecular weight heparin applica‐
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tion. LMWHs with long half-lives, resulting in the need for less frequent injections, have made
them attractive for practical use during the 9 months of pregnancy. In addition, the widespread
use over the last 10 years has shown that LMWHs are safer than unfractionated heparin (UH)
during pregnancy. Many studies have indicated that LMWHs are one of the factors regulating
trophoblast invasion, although the results were not always consistent. In 2006, Erden et al. [35]
found the underlying mechanism involved in the improvement of trophoblast invasion using
LMWH in patients with a history of miscarriage. They reported that enoxaparin can reduce E-
cadherin expression but not laminin expression in rat pregnancy, which might modulate
trophoblast invasion. The antithrombotic action and the amelioration of blood flow rheology
of LMWH in developed intervillous space in second trimester of pregnancy are believed to
improve Doppler sonographic markers. The discovery of discreet Doppler alterations in
placental and uterine artery blood flow could help in early steps of pregnancy rescue.

4.2. Doppler ultrasound markers and thrombophilia presence

One of the first authors who investigated connection between thrombophilia and impaired
blood flow during pregnancy were Grandone et al. [36] They found persistent in second
trimester of pregnancy bilateral uterine artery notches during Doppler blood flow examination
in 41 women with inherited thrombophilia (FVL, FII 20210 G>A, antithombin III, protein C or
protein S deficiency). This finding is associated with six-fold higher risk of having an adverse
outcome compared with women without these thrombophilic conditions.

Other studies again evaluated the presence of an association between common prothrombotic
factors and increased blood flow resistance in the fetomaternal circulation, connected with
obstetric complications occurrence. The investigators [37] did not find an association between
thrombophilia and blood flow in the fetomaternal circulation in nulliparous women.

Useful information was found in Doppler sound characteristics investigation of uterine artery
flow in non-pregnant women with recurrent pregnancy loss history. Lazzarine et al [38]
investigated PI values of uterine artery in midluteal phase of 230 women who had experienced
two or more first trimester pregnancy loss (RPL). Uterine arteries PI values in RPL patients
(2.42 ±0.79) were significantly higher with respect to those found in the control group (2.08 ±
0.47). When patients were grouped according to the different RSA causes, the highest PI values
were found among patients with uterine abnormalities (2.82 ± 1.0), antiphospholipid antibod‐
ies syndrome (2.70 ± 1.1), and unexplained RSA (2.60 ± 0.7). These values were significantly
higher with respect to that found in the control group. No differences were observed in PI
values between fertile patients and those with RSA due to thyroid abnormalities (2.10 ± 0.55),
inherited thrombophilia (2.03 ± 0.45), autoimmune pathology (2.34 ±1.18), and genetic
anomalies (2.47 ± 0.54). Similar results were observed when patients were grouped according
to primary and secondary RPL. According to the results, the increased resistance of uterine
blood flow in non-pregnant uterus may be an important sign to some causes of RPL and may
represent an independent indication of careful further pregnancy follow up.

When talking about fetus thrombophilic status, there should be mentioned the important
influence of non-mother thrombophilic conditions and the disturbance of umbilical blood
flow. Lindqvist et al [39] investigated umbilical artery Doppler velocimetry on 54 women in
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could be done. As it has been known to date, the low molecular height heparins did not cross
placenta so the predictable anticoagulant effect in fetus coagulation could not expected.

4. Doppler ultrasound markers and thrombophilia presence. Influence of
antithrombotic therapy on uterine and placental blood flow

4.1. Introduction

The association between pregnancy complications and high incidence of acquired and
congenital thrombophilia may indicate that disturbances in hemostasis lead to a prothrombotic
state and may predispose affected individuals to either poor embryonic implantation in the
endometrium or, later in pregnancy, to decreased placental perfusion. The proposed under‐
lying mechanisms [32] include interference with trophoblast differentiation, inadequate
placentation, or thrombosis of the placental vasculature, with consequent reduced placental
perfusion, oxidative stress, and maternal endothelial dysfunction that is believed to trigger the
hallmark biological and clinical manifestations of preeclampsia, IUGR or pregnancy loss.

Acquired thrombophilia such as antiphospholipid antibody syndrome has been shown to be
associated with adverse pregnancy outcomes. Direct damage of trophoblast cells and utero‐
placental thrombosis appear to lead to the fetal manifestations of poor growth, oligohydram‐
nios and abnormal Doppler velocimetry. There is some evidence in antiphospholipid antibody
syndrome that treatment with heparin corrects the abnormality in trophoblast invasion and
thrombosis, and also decreases the fetal loss rate. Numerous conflicting studies suggest a
relationship between adverse pregnancy outcomes and genetic thrombophilia. The pathogen‐
esis of the disease is likely to be very similar to antiphospholipid antibody syndrome though
data is limited. But there are considerable controversies about the influence of genetic throm‐
bophilia on the ultrasound markers associated with blood flow in the uterine arteries, circu‐
lation in placental vessels and umbilical cord.

Failure of trophoblastic invasion has been found to be associated with uteroplacental insuffi‐
ciency. Doppler measured parameters both in first and second trimesters have demonstrated
an association between the increased impedance of flow in the uterine arteries and subsequent
development of preeclampsia, IUGR, and fetal death. Doppler ultrasound predicts the
development of severe preeclampsia with higher sensitivity and specificity, compared with
pregnancy-induced hypertension. For example Papageorghiou et al [33] demonstrated that
increased pulsatility index (PI) on Doppler ultrasound was identified in 41% of women who
later developed preeclampsia. The sensitivities for preeclampsia requiring delivery before 36,
34, and 32 weeks were 70%, 81%, and 90%, respectively. Doppler ultrasound has also been
used in the first trimester to predict preeclampsia. The likelihood ratio (LR) for the develop‐
ment of PE was about 5 and for those with normal Doppler results the LR was about 0.5 [34].
Similarly, the LR of developing IUGR is about 4 in women with evidence of increased
impedance of blood flow on Doppler. The main preventive approach in this approach to escape
this pregnancy complication has been connected with low molecular weight heparin applica‐
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tion. LMWHs with long half-lives, resulting in the need for less frequent injections, have made
them attractive for practical use during the 9 months of pregnancy. In addition, the widespread
use over the last 10 years has shown that LMWHs are safer than unfractionated heparin (UH)
during pregnancy. Many studies have indicated that LMWHs are one of the factors regulating
trophoblast invasion, although the results were not always consistent. In 2006, Erden et al. [35]
found the underlying mechanism involved in the improvement of trophoblast invasion using
LMWH in patients with a history of miscarriage. They reported that enoxaparin can reduce E-
cadherin expression but not laminin expression in rat pregnancy, which might modulate
trophoblast invasion. The antithrombotic action and the amelioration of blood flow rheology
of LMWH in developed intervillous space in second trimester of pregnancy are believed to
improve Doppler sonographic markers. The discovery of discreet Doppler alterations in
placental and uterine artery blood flow could help in early steps of pregnancy rescue.

4.2. Doppler ultrasound markers and thrombophilia presence

One of the first authors who investigated connection between thrombophilia and impaired
blood flow during pregnancy were Grandone et al. [36] They found persistent in second
trimester of pregnancy bilateral uterine artery notches during Doppler blood flow examination
in 41 women with inherited thrombophilia (FVL, FII 20210 G>A, antithombin III, protein C or
protein S deficiency). This finding is associated with six-fold higher risk of having an adverse
outcome compared with women without these thrombophilic conditions.

Other studies again evaluated the presence of an association between common prothrombotic
factors and increased blood flow resistance in the fetomaternal circulation, connected with
obstetric complications occurrence. The investigators [37] did not find an association between
thrombophilia and blood flow in the fetomaternal circulation in nulliparous women.

Useful information was found in Doppler sound characteristics investigation of uterine artery
flow in non-pregnant women with recurrent pregnancy loss history. Lazzarine et al [38]
investigated PI values of uterine artery in midluteal phase of 230 women who had experienced
two or more first trimester pregnancy loss (RPL). Uterine arteries PI values in RPL patients
(2.42 ±0.79) were significantly higher with respect to those found in the control group (2.08 ±
0.47). When patients were grouped according to the different RSA causes, the highest PI values
were found among patients with uterine abnormalities (2.82 ± 1.0), antiphospholipid antibod‐
ies syndrome (2.70 ± 1.1), and unexplained RSA (2.60 ± 0.7). These values were significantly
higher with respect to that found in the control group. No differences were observed in PI
values between fertile patients and those with RSA due to thyroid abnormalities (2.10 ± 0.55),
inherited thrombophilia (2.03 ± 0.45), autoimmune pathology (2.34 ±1.18), and genetic
anomalies (2.47 ± 0.54). Similar results were observed when patients were grouped according
to primary and secondary RPL. According to the results, the increased resistance of uterine
blood flow in non-pregnant uterus may be an important sign to some causes of RPL and may
represent an independent indication of careful further pregnancy follow up.

When talking about fetus thrombophilic status, there should be mentioned the important
influence of non-mother thrombophilic conditions and the disturbance of umbilical blood
flow. Lindqvist et al [39] investigated umbilical artery Doppler velocimetry on 54 women in
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late pregnancy. They found that abnormal umbilical artery Doppler velocimetry was associ‐
ated with an approximately seven-fold increased risk of fetoplacental thrombotic vasculopathy
(OR: 7.5, 95% CI: 1.3-44.3), ischemic lesions (OR: 7.5, 95% CI: 1.2-46.1) and fetal carriership of
FVL (OR: 8.2, 95% CI: 1.5-43.5). The study gives power of FVL-fetus carriership and pregnancy
complications connected with fetal demise.

4.3. Influence of antithrombotic therapy on uterine and placental blood flow

In the follow up of women with inherited and acquired thrombophilia using LMWH Cok et al
[40] did not find significant positive influence of the therapy with heparins on the uterine artery
blood flow. They concluded that the administration of LMWH (enoxaparine 40 mg daily)
throughout the pregnancy in patients with thrombophilia does not prevent the increase of uterine
artery Doppler flow indices and IUGR, which is probably as a result of defective trophoblastic
invasion. Investigation of Doppler parameters was performed during the 18–22-week period of
gestation over 64 pregnant women who experienced minimum three previous pregnancy loss
after ten weeks of gestation and who had acquired or inherited thrombophilia (positive lupus
anticoagulant, antiphospholipid antibody, FVL, FII 20210 G>A, antithombin III, protein C or S
deficiency). The authors found increased impedance to blood flow in the uterine arteries which
is associated with increased risk for subsequent development of preeclampsia, IUGR, and
perinatal death in thrombophilia presence. Despite LMWH therapy, the mean PI (1.07 ± 0.46 for
LMWH group and 0.91 ± 0.31 for control, p = 0.036) and the mean RI (0.59 ± 0.12 for LMWH group
and 0.54 ± 0.10 for control, p = 0.021) were significantly higher in the trombophilia group. These
results should be interpreted with care because of relatively small investigated group and the
diversity type of thrombophilia among pregnant women. Another open question is the dose
regiment of LMWH therapy arranged accordingly thrombophilia type.

On the contrary, Magriples et al [41] found positive effect of anticoagulation therapy over Doppler
sonographic finding in retrospective study of 51 women with inherited thrombophilia (FVL, FII
20210 G>A, MTHFR 677 C>T). In the treatment group thrombophilic women used unfractionat‐
ed heparin or low molecular weight heparin for FVL and FII 20210 G>A in prophylactic doses.
Heparin was used at prophylactic doses until the third trimester. In the third trimester, patients
were advanced to therapeutic doses of heparin and switched to unfractionated heparin at 36
weeks. From the total of 178 monitored pregnancies, the authors reported abnormal ultra‐
sounds significantly greater in the untreated compared with the treated with heparins pregnan‐
cies (52.8% versus 27.9%, p=0.024).  Growth restrictions were more common in untreated
pregnancies. There was a significantly decreased risk of oligohydramnios with treatment (27.3%
versus 7%, p=0.03). Overall outcomes were significantly improved with the use of anticoagula‐
tion (p<0.0001). In a part of the cases despite treatment, oligohydramnios and growth disturban‐
ces still occurred. As heparin does not cross the fetal side of the placenta, this may account for
the persistence of the poor outcomes because of positive fetus thrombophilia phenotype. The
study markedly established the connection between ultrasound parameters finding for growth,
fluid and feto-placental blood flow in patients with pregnant thrombophilic women and the
application of anticoagulant therapy.

In a small observational study Alkazaleh et al [42] also found beneficial effect of LMWH
therapy over Doppler placental flow and fetal outcome in women with previous history with
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pregnancy complications. They also draw attention over earlier application of LMWH therapy
in indicated cases (not later than 18 to 20 week of gestation). This opens the question for
window of Doppler sonographic screening and well-timed therapeutic intervention in high
risk pregnancy.

4.4. Conclusion

Giving the cost and potential side effects of heparins during pregnancy, the deployment of a
strategy of placental function screening using Doppler ultrasound and adding antithrombotic
therapy only in the accurate cases is an appropriate clinical strategy. LMWH’s therapy should
be reserved for high risk populations with inherited thrombophilia mutations (double
mutation carriers or thromboembolic incidences history). In non-pregnant women the Doppler
examination of the uterine artery represents a useful tool for screening women with a history
of RPL and, therefore, should be included in the RPL diagnostic flow chart. This test provides
the opportunity to identify women in whom appropriate therapeutic protocols may effectively
improve the possibility for a successfully pregnancy.

5. General conclusions

The authors who found correlation between placenta pathological findings and thrombophilia
strongly advocate thrombophilia testing in all cases in which the placenta shows signs of
chronic ischemic disturbance. They also recommend a full-pedigree work up including fetal
and father thrombophilia screening. This approach is coming from possible multigenic effect
over placenta structure coming from both maternal and fetal genotype.

The results as a whole suggest that these unusual forms of fibrin deposition (not thrombosis),
increased numbers of syncytial knots and maternal side placental infarcts are frequently
associated with thrombophilia. In a part of cases – in maternal floor infarction there is 50%
recurrence rate suggests an interaction between maternal and fetal thrombophilia, resulting
in a ‘‘plane of fibrin deposition’’ in which the maternal and fetal circulations overlap across
the entire placental bed. Only about in 40% of cases of placentas with histopathology showing
chronic ischemia have identifiable thrombophilia. The reasons for this may include other
thrombophilia not discovered or not investigated in the give study or presences of other
(mechanical?) factors impede blood flow in the intervillous space.
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late pregnancy. They found that abnormal umbilical artery Doppler velocimetry was associ‐
ated with an approximately seven-fold increased risk of fetoplacental thrombotic vasculopathy
(OR: 7.5, 95% CI: 1.3-44.3), ischemic lesions (OR: 7.5, 95% CI: 1.2-46.1) and fetal carriership of
FVL (OR: 8.2, 95% CI: 1.5-43.5). The study gives power of FVL-fetus carriership and pregnancy
complications connected with fetal demise.

4.3. Influence of antithrombotic therapy on uterine and placental blood flow

In the follow up of women with inherited and acquired thrombophilia using LMWH Cok et al
[40] did not find significant positive influence of the therapy with heparins on the uterine artery
blood flow. They concluded that the administration of LMWH (enoxaparine 40 mg daily)
throughout the pregnancy in patients with thrombophilia does not prevent the increase of uterine
artery Doppler flow indices and IUGR, which is probably as a result of defective trophoblastic
invasion. Investigation of Doppler parameters was performed during the 18–22-week period of
gestation over 64 pregnant women who experienced minimum three previous pregnancy loss
after ten weeks of gestation and who had acquired or inherited thrombophilia (positive lupus
anticoagulant, antiphospholipid antibody, FVL, FII 20210 G>A, antithombin III, protein C or S
deficiency). The authors found increased impedance to blood flow in the uterine arteries which
is associated with increased risk for subsequent development of preeclampsia, IUGR, and
perinatal death in thrombophilia presence. Despite LMWH therapy, the mean PI (1.07 ± 0.46 for
LMWH group and 0.91 ± 0.31 for control, p = 0.036) and the mean RI (0.59 ± 0.12 for LMWH group
and 0.54 ± 0.10 for control, p = 0.021) were significantly higher in the trombophilia group. These
results should be interpreted with care because of relatively small investigated group and the
diversity type of thrombophilia among pregnant women. Another open question is the dose
regiment of LMWH therapy arranged accordingly thrombophilia type.

On the contrary, Magriples et al [41] found positive effect of anticoagulation therapy over Doppler
sonographic finding in retrospective study of 51 women with inherited thrombophilia (FVL, FII
20210 G>A, MTHFR 677 C>T). In the treatment group thrombophilic women used unfractionat‐
ed heparin or low molecular weight heparin for FVL and FII 20210 G>A in prophylactic doses.
Heparin was used at prophylactic doses until the third trimester. In the third trimester, patients
were advanced to therapeutic doses of heparin and switched to unfractionated heparin at 36
weeks. From the total of 178 monitored pregnancies, the authors reported abnormal ultra‐
sounds significantly greater in the untreated compared with the treated with heparins pregnan‐
cies (52.8% versus 27.9%, p=0.024).  Growth restrictions were more common in untreated
pregnancies. There was a significantly decreased risk of oligohydramnios with treatment (27.3%
versus 7%, p=0.03). Overall outcomes were significantly improved with the use of anticoagula‐
tion (p<0.0001). In a part of the cases despite treatment, oligohydramnios and growth disturban‐
ces still occurred. As heparin does not cross the fetal side of the placenta, this may account for
the persistence of the poor outcomes because of positive fetus thrombophilia phenotype. The
study markedly established the connection between ultrasound parameters finding for growth,
fluid and feto-placental blood flow in patients with pregnant thrombophilic women and the
application of anticoagulant therapy.

In a small observational study Alkazaleh et al [42] also found beneficial effect of LMWH
therapy over Doppler placental flow and fetal outcome in women with previous history with
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pregnancy complications. They also draw attention over earlier application of LMWH therapy
in indicated cases (not later than 18 to 20 week of gestation). This opens the question for
window of Doppler sonographic screening and well-timed therapeutic intervention in high
risk pregnancy.

4.4. Conclusion

Giving the cost and potential side effects of heparins during pregnancy, the deployment of a
strategy of placental function screening using Doppler ultrasound and adding antithrombotic
therapy only in the accurate cases is an appropriate clinical strategy. LMWH’s therapy should
be reserved for high risk populations with inherited thrombophilia mutations (double
mutation carriers or thromboembolic incidences history). In non-pregnant women the Doppler
examination of the uterine artery represents a useful tool for screening women with a history
of RPL and, therefore, should be included in the RPL diagnostic flow chart. This test provides
the opportunity to identify women in whom appropriate therapeutic protocols may effectively
improve the possibility for a successfully pregnancy.

5. General conclusions

The authors who found correlation between placenta pathological findings and thrombophilia
strongly advocate thrombophilia testing in all cases in which the placenta shows signs of
chronic ischemic disturbance. They also recommend a full-pedigree work up including fetal
and father thrombophilia screening. This approach is coming from possible multigenic effect
over placenta structure coming from both maternal and fetal genotype.

The results as a whole suggest that these unusual forms of fibrin deposition (not thrombosis),
increased numbers of syncytial knots and maternal side placental infarcts are frequently
associated with thrombophilia. In a part of cases – in maternal floor infarction there is 50%
recurrence rate suggests an interaction between maternal and fetal thrombophilia, resulting
in a ‘‘plane of fibrin deposition’’ in which the maternal and fetal circulations overlap across
the entire placental bed. Only about in 40% of cases of placentas with histopathology showing
chronic ischemia have identifiable thrombophilia. The reasons for this may include other
thrombophilia not discovered or not investigated in the give study or presences of other
(mechanical?) factors impede blood flow in the intervillous space.
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1. Introduction

Normal pregnancy is associated with complex changes of hemostasis, leading to hypercoa‐
gulability states. Such physiological increase of blood coagulation during pregnancy occurs
because of changes in the vascular endothelium and blood flow, generating changes from the
10th gestational week on. The changes may create a hypercoagulability state that results in
thrombosis. The purpose of the hypercoagulability state during pregnancy is to prevent
excessive bleeding by the time of delivery (Moreira, et al. 2008).

Normal hemostasis during pregnancy is the result of a balance between the system that
promotes blood coagulation and the one inhibiting excessive coagulation (fibrinolytic system).

Gestational effects on coagulation proteins may be detected after the 3rd month of pregnancy,
with significant changes in pro-coagulant proteins in comparison with physiological inhibi‐
tors. So, although changes in hemostatic system are intended for adaptation and protection of
the pregnant woman's body, they may cause increased risk of thromboembolic events.

Despite of being physiological, excessive activation of the coagulation mechanism during
pregnancy may lead to thromboembolic events, especially in women with hereditary and/or
acquired factors who have a known predisposition to thrombi formation.

Thrombophilia  is  a  hereditary  or  acquired  disease  related  to  changes  in  hemostasis
mechanisms  that  are  characterized  by  an  increased  trend  to  blood  coagulation  and

© 2013 Barini et al.; licensee InTech. This is an open access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.
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consequent risk of thromboembolism (Machac S 2006). Hereditary factors that are consid‐
ered potentially responsible for such trend to thrombosis are: protein C deficiency, protein
S  deficiency,  anti-thrombin  deficiency,  presence  of  Factor  V  Leiden,  a  change  in  allele
prothrombin 20210 G>A gene and a change in the gene of enzyme methylenetetrahydrofo‐
late reductase (D’Amico 2006).

Thrombophilia hereditary causes have been researched since 1956, when Jordan and Nandorff
introduced the term thrombophilia. In 1965 anti-thrombin deficiency was identified as the
genetic cause of thrombophilia.

Such studies became larger in the 80’s, when protein S and protein C deficiencies were
described, as well as Factor V Leiden, in 1994. (Reistma PH 2007). Approximately 40% of
thrombosis cases showing arterial occlusion or venous occlusion are hereditary. Venous
thromboembolism frequently occurs as a result of several factors. Generally, thrombophilia
should be seen as a multi-factorial disorder, not as the expression of a single genetic change
(Buchholz T 2003).

The importance of angiogenesis for embryo implantation and the presence of thrombophilia
leading to micro-thrombosis at the implantation site with subsequent impairment of embryo
nidation and placental development should be considered as well (Vaquero E 2005).

The presence of thrombophilia was proven to be related to an increased risk of complica‐
tions during pregnancy, such as pre-eclampsia, intrauterine growth restriction, premature
detachment  of  placenta,  preterm  delivery,  recurrent  miscarriage,  chronic  fetal  distress,
besides ischemic events during pregnancy (Couto E 2005) (Ren A 2006) (Hoffman E 2012)
(Bennet SA 2012).

Events related to thrombophilic changes during pregnancy are shown below.

2. Thrombophilia and pregnancy

One of the most important discussions in clinical practice regards the indication to search for
a thrombophilic factor. This is due to elevated testing costs and its relevance to medical
management once diagnose is done.

Access to Internet and available information on practically all matters brings up questioning
by patients who look for these data regarding their personal risks and ask doctors how would
they have to behave. It is an important role for doctors to help patients to discriminate which
information are relevant for them, helping patient to pursue adequate options for personal
treatment and prophylaxis.

There has been a great deal of research relating thrombophilia to many clinical situations where
no scientific data is relevant. On the other side, there are still other clinical situations where
there is no consensus, or even there will not be a practical condition to define a medical practice,
based on studies performed up until now.

Pregnancy Thrombophilia - The Unsuspected Risk40

Women are exposed to a great variety of factors that increase their risk of venous throm‐
boembolism (VTE) such as the use of hormonal contraception, pregnancy, puerperium and
hormonal replacement therapy for menopause.

The incidence of VTE is higher in woman during pregnancy and post partum when compared
to not pregnant women. There is an increase between five to ten times the risks of VTE, with
an incidence of 0.6 to 1.3 events for 1.000 deliveries (Heit JA 2005) (McColl MD 1997).

Although there are controversies whether the occurrence of VTE is greater during pregnancy
or post partum, it seems that this risk is equally distributed during all gestational period (Pomp
ER 2008). VTE is the most important cause of maternal death (Marik PE 2008).

Hereditary thrombophilia include Factor V Leiden (FVL), G20210A prothrombin gene
mutation, protein S, protein C and antithrombin III deficiency.

Prevalence of a hereditary thrombophilia is higher in women that had VTE during pregnancy,
especially FVL and G20210A gene mutation. In Japanese populations, protein S seems to be
the most common among pregnant women with VTE (Miyata T 2009).

Normal gestation is characterized by hypercoagulation, with increase of coagulation factors
II, VII, IX, X, XII, fibrinogen and Von Willebrand factor. There is a reduction in natural anti
coagulant factors, such as protein S, protein C and antithrombin III. There is also a reduction
in fibrinolysis caused by reduction in tissue plasminogen activating factor (t-PA) and increase
in the inhibitor of plasminogen activator (PAI-1). Increase of Factor VIII and reduction of
protein S lead to a resistance to activated protein C. Thus, all these changes in pregnancy favor
VTE.

After a VTE antecedent, thrombophilia is the most important individual risk factor for a new
thrombotic episode during gestation.

Besides VTE, recurrent abortions and other complications during pregnancy can be associated
to thrombophilia, particularly protein S deficiency and late complications.

A recent meta analysis has shown that a pregnant woman with thrombophilia has a greater
risk than non pregnant woman, particularly in the presence of homozygosis to Leiden Factor
V, to G20210A prothrombin gene mutation, in the presence of double heterozygosis for these
two mutations and in the presence of antithrombin III deficiency. All of these thrombophilias,
except MTHRF 677C>T gene mutation, even in homozygosis, bring about a statistically higher
risk of VTE during pregnancy (Robertson L 2006).

The predictive value for the risk of VTE relating pregnancy and thrombophilia is described on
table 1. (L. B. Pierangeli SS 2011).

Although, the absolut risk of VTE is low due to the low incidence of VTE itself. Even the risk
of VTE in more severe thrombophilia, such as antithrombin III deficiency and protein S
deficiency is low.
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Thrombophilia PPV*

FVL heterozygous state 1:500

prothrombin 20210 G>A heterozygous state 1:200

Double heterozygous state FVL + G20210A 4.6:100

Protein C deficiency 1:113

Antithrombin III deficiency 1:2.8

* PPV- positive predictive values

Table 1. Predictive values of hereditary thrombophilias and VTE.

Medical management of pregnant women with thrombophilia will depend on the risk analysis;
which may be complicated, because medical actions are based upon retrospective studies,
meta-analysis or case control studies.

The evaluation of other risk factors for VTE, personal and familial VTE history (first degree
relatives with VTE or arterial disease at age under fifty years old) should be taken into account
seriously.

Hereditary thrombophilia can be classified in thee risk categories (Fogerty AE 2009):

• High risk: FVL homozygosis, prothrombin 20210 G>A gene mutation in homozygosis,
double heterozygosis of FVL and prothrombin 20210 G>A, antithrombin III deficiency or
any thrombophilia with a previous VTE.

• Intermediate risk: thrombophilia not classified as high risk with family history of VTE.

• Low risk: heterozygosis for FVL, for prothrombin 20210 G>A, protein C and protein S
deficiency, lack of familial history or personal history for VTE.

As it is observed, personal or familial history of VTE has a strong weight on the VTE risk
implication.

A pregnant woman with thrombophilia that presents with VTE during pregnancy has to be
treated as a woman without thrombophilia with VTE. Treatment is based on heparin, partic‐
ularly low molecular weight heparin, with doses adjusted by maternal weight. Warfarin can
be exceptionally considered after the first trimester up till 34 weeks gestation. Fondaparinux
has already been used in pregnant patients who were unable to use other heparin.

Anticoagulation is recommended for six weeks after delivery for all women with hereditary
thrombophilia. During gestation, individual risk should be considered. Patients with high risk
should receive heparin prophylaxis as a treatment doses or intermediate dose. Patients with
intermediate risk should receive prophylactic heparin dose. Low risk patients should be
followed up carefully with strict recommendations to look for medical assistance in the event
of any symptoms that can be related to VTE.

Thrombophilia should be searched in any patient with familial history or personal history of
VTE or with the diagnosis of a hereditary thrombophilia on a first degree relative.

Pregnancy Thrombophilia - The Unsuspected Risk42

A prospective study with 134 pregnant women heterozygous for FVL failed to show an
increase in the incidence of VTE. Thus, although being the most common hereditary throm‐
bophilia, its search is not to be indicated indiscriminately on every pregnant patient, nor
prophylaxis is to be offered to asymptomatic carriers (Dizon-Townson D 2005).

A recently published meta-analysis including ten prospective studies showed only a small
absolute risk for fetal death with demonstration of a small absolut risk with a smaller risk of
fetal death on heterozygous FVL (Rodger MA 2010).

It is suggested based on the experience of many studies that generalized search for thrombo‐
philia it is not indicated during pregnancy, except for patients with recent VTE event, or
punctual search of a familial or personal in one family member. History of VTE is the most
indicated event to look for thrombophilia.

Although thrombophilia are associated to an increase to the relative risk of complications
during pregnancy, including VTE, the absolut risk is still low.

3. Clinical interferences of thrombophilia in pregnancy

Pregnancy by itself is considered a hypercoagulation state. Likewise for diabetes, it is expected
to increase venous or arterial thromboembolism during pregnancy. The increase in estrogen
levels leads to increase in many of the coagulation factors. Thus, in the presence of a hereditary
or acquired thrombophilia a higher incidence of thrombotic events could be expected. Once a
thrombophilic state is already identified, than we can expect a higher chance of clinical and
obstetrical complications, except if prophylactic or therapeutic treatments are offered by caring
physicians and followed by patients.

Although this is a disseminated belief, systematic reviews fail to demonstrate such strong
relation. As stated above, only patients with a familial history of thrombosis or thrombophilia
should be investigated.

However, this is not universally agreed on the literature. For instance, a group of patients with
Leiden Factor V were compared to a group of absent mutation. It was observed that the group
with the mutation had no thromboembolic events, whereas the group without had 2,7%
thromboembolism (Dizon-Townson D 2005).

It has been also stated that even in relatives of probands who have no history of venous
thromboembolism (VTE) should not receive antithrombotic prophylaxis during pregnancy
because no difference was seen in the group with and without positive history of VTE prior
to pregnancy (Cordoba I 2012). With theses considerations, one must look for evidences
presented to date.

3.1. Thrombophilia and venous thromboembolism

Pregnancy is a clinical situation associated with increased risk of VTE, which increased from
twofold to fourfold when these women presented a positive family history of VTE (Bezemer
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ID 2009). Hereditary thrombophilia also increases the risk of VTE. However, the most
important for prevention of thrombosis in pregnant women with these additive risk factors is
the negative or positive history of previous VTE.

A meta-analysis and a review demonstrated increased risk of VTE in pregnant women with
thrombophilia without a family or a positive history of VTE (Robertson L 2006) (Biron-
Andreani C 2006). Heterozygosis for factor V Leiden and prothrombin 20210 G>A variant were
fortunately associated with the lower risk, as they were the most common inherited throm‐
bophilia. However, the homozygosis for these mutations was associated with the higher risk.
Deficiencies of natural anticoagulants were also associated to increased risk of VTE.

The incidence of VTE in the pregnancy is 1/1,000 deliveries, and the absolute risk of VTE in
thrombophilic women without a prior event or family history is in the range of 5-12/1,000
deliveries, except for homozygous carriers of the factor V Leiden or the prothrombin muta‐
tions, in whom the estimated baseline risk is about 4%.

Although the estimated risk of VTE in the presence of a positive family history of VTE and
inherited thrombophilia without a previous episode of VTE has been described, it is imprecise,
particularly for the rare thrombophilias (Friederich PW 1996).

Previous studies described higher risk of VTE in the presence of deficiencies of the anticoa‐
gulants, particularly antithrombin deficiency. However, methodological limitations could
have contributed to these conclusions (Conard J 1990). The recent studies showed similar risks,
even in double heterozygous for Leiden FV and prothrombin mutation (Tormene D 2001)
(Martinelli I 2008). The homozygosis for MTHFR C>T alone does not lead to an increased risk
of VTE in pregnant women (Robertson L 2006).

Women with thrombophilia without a family history presented a low risk of VTE. Because of
the absence of high-quality evidence measuring the effectiveness and safety of antithrombotic
agents in preventing VTE in patients with thrombophilia and a positive family history the
recommendations have limitations.

The most recent guidelines suggest antepartum prophylaxis with prophylactic or intermedi‐
ate-dose LMWH and postpartum prophylaxis for 6 weeks with prophylactic or intermediate-
dose LMWH or vitamin K antagonists targeted at INR 2.0 to 3.0 for pregnant women with no
prior history of VTE who are known to be homozygous for factor V Leiden or the prothrombin
20210 G>A mutation and have a positive family history for VTE (Bates SM and Physicians.
2012).

For patients with other thrombophilias without a previous history of VTE and who have a
positive family history for VTE it is indicated antepartum clinical vigilance and postpartum
prophylaxis for 6 weeks with prophylactic or intermediate dose LMWH or, in women who are
not protein C or S deficient, vitamin K antagonists targeted at INR 2.0 to 3.0 (Bates SM and
Physicians. 2012).

The same is indicated for pregnant women with no prior history of VTE who are known to be
homozygous for factor V Leiden or the prothrombin 20210 G>A mutation and who do not have
a positive family history for VTE (Bates SM and Physicians. 2012).
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Pregnant women with all other thrombophilias and no prior VTE who do not have a positive
family history for VTE, antepartum and postpartum clinical vigilance are indicated (Bates SM
and Physicians. 2012).

3.2. Thrombophilia and arterial vascular accidents in pregnancy

Stroke in pregnancy is one of the main causes of maternal death and pregnancy and puerpe‐
rium are known to increase its occurrence. The incidence of stroke is not precisely known and
there is a wide variation among reports across the world, ranging from 1.5 to 69 per 100
thousand pregnancies (Jaigobin C 2000) (Scott CA 2012). Stroke accounts for 2.2% of all deaths
in women of reproductive age and most of these deaths occur during pregnancy (WHO, 2004).
Puerperium increases the risk of stroke 5-18-fold and cerebral thromboembolism carries a
mortality rate 3 times higher in pregnant women. Despite the epidemiological association,
stroke is considered a multifactorial disease, and genetic, environmental, vascular and
hormonal factors play a complex and integrated role. Multiple genes have been studied, and
even in the same individual, more than one polymorphism, acting in inflammatory, vascular
and thrombotic pathways can lead to stroke.

With increasing worldwide efforts and acknowledgement to know about the causes and lessen
the consequences of stroke, pregnant women seem to be a special population, not only because
of the greater mortality but also because of the perinatal implications.

Obstetrical associated conditions are chronic hypertension, preeclampsia and cesarean
delivery. However, most cases do not have predisposing factors and occur in apparently
healthy subjects. Some physiologic changes during pregnancy and puerperium can be
associated with an increased risk of stroke: increased circulating blood volume, increased
cardiac output, vascular wall fragility, and high levels of steroid hormones.

Preeclampsia seems to be a risk factor even for non-pregnancy associated ischemic stroke,
which means that women who had preeclampsia have an increased risk of, is when non-
pregnant (Brown DW 2006). Non-obstetric risk factors include thrombophilia (inherited and
acquired) migraine, smoking, advanced maternal age, diabetes, sickle cell disease, autoim‐
mune conditions, and severe hypotension (Scott CA 2012).

Stroke in pregnancy and puerperium has three major clinical syndromes: ischemic stroke (IS),
intracranial hemorrhage (ICH) and cerebral venous thrombosis (CVT). It is the most frequent
presentation and CVT is rare. Maternal mortality can be as high as 50% for ICH and 20-25%
overall (Nomura ML 2012) (Scott CA 2012).

There are few studies addressing the role of thrombophilia in stroke occurring during
pregnancy or puerperium. We will focus mainly in thrombotic and ischemic stroke, since
hemorrhagic stroke has different pathogenic mechanisms in pregnancy, mainly related to
rupture of undiagnosed intracranial aneurysms and complications of eclampsia.
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Pregnant women with all other thrombophilias and no prior VTE who do not have a positive
family history for VTE, antepartum and postpartum clinical vigilance are indicated (Bates SM
and Physicians. 2012).

3.2. Thrombophilia and arterial vascular accidents in pregnancy

Stroke in pregnancy is one of the main causes of maternal death and pregnancy and puerpe‐
rium are known to increase its occurrence. The incidence of stroke is not precisely known and
there is a wide variation among reports across the world, ranging from 1.5 to 69 per 100
thousand pregnancies (Jaigobin C 2000) (Scott CA 2012). Stroke accounts for 2.2% of all deaths
in women of reproductive age and most of these deaths occur during pregnancy (WHO, 2004).
Puerperium increases the risk of stroke 5-18-fold and cerebral thromboembolism carries a
mortality rate 3 times higher in pregnant women. Despite the epidemiological association,
stroke is considered a multifactorial disease, and genetic, environmental, vascular and
hormonal factors play a complex and integrated role. Multiple genes have been studied, and
even in the same individual, more than one polymorphism, acting in inflammatory, vascular
and thrombotic pathways can lead to stroke.

With increasing worldwide efforts and acknowledgement to know about the causes and lessen
the consequences of stroke, pregnant women seem to be a special population, not only because
of the greater mortality but also because of the perinatal implications.

Obstetrical associated conditions are chronic hypertension, preeclampsia and cesarean
delivery. However, most cases do not have predisposing factors and occur in apparently
healthy subjects. Some physiologic changes during pregnancy and puerperium can be
associated with an increased risk of stroke: increased circulating blood volume, increased
cardiac output, vascular wall fragility, and high levels of steroid hormones.

Preeclampsia seems to be a risk factor even for non-pregnancy associated ischemic stroke,
which means that women who had preeclampsia have an increased risk of, is when non-
pregnant (Brown DW 2006). Non-obstetric risk factors include thrombophilia (inherited and
acquired) migraine, smoking, advanced maternal age, diabetes, sickle cell disease, autoim‐
mune conditions, and severe hypotension (Scott CA 2012).

Stroke in pregnancy and puerperium has three major clinical syndromes: ischemic stroke (IS),
intracranial hemorrhage (ICH) and cerebral venous thrombosis (CVT). It is the most frequent
presentation and CVT is rare. Maternal mortality can be as high as 50% for ICH and 20-25%
overall (Nomura ML 2012) (Scott CA 2012).

There are few studies addressing the role of thrombophilia in stroke occurring during
pregnancy or puerperium. We will focus mainly in thrombotic and ischemic stroke, since
hemorrhagic stroke has different pathogenic mechanisms in pregnancy, mainly related to
rupture of undiagnosed intracranial aneurysms and complications of eclampsia.
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3.2.1. Inherited thrombophilia

Inherited thrombophilias can be found in up to 11 % of patients with stroke (Bushnell CD
2000). In this systematic review, no association was found between factor V Leiden and IS, but
a slight increase in the odds ratio for prothrombin gene mutation was found (1.4; 95% CI
1.03-1.9).

A study by Voetsch (Voetsch B 2000) among 167 patients with ischemic stroke and did not find
an association with inherited thrombophilia, except in cerebral venous thrombosis, where
prothrombin gene mutation was more prevalent. For the small group of patients of African
origin, homozygosis for MTHFR 677C>T might have a potential role. Interestingly, patients
with CVT were all in use of oral contraceptives or in the puerperium.

Hankey (Hankey GJ 2001) tested 219 patients with ischemic stroke for inherited thrombophilia
in a case-control study and did not find a significant association (prevalence of 14.7% in stroke
patients and 11.7% in control subjects) between any thrombophilia or combination of throm‐
bophilias and IS, and the authors conclude that routine testing is not recommended in the
majority of patients.

Kim & Becker (Kim RJ 2003) performed a meta-analysis of the association between some
inherited thrombophilias and ischemic stroke and factor V, prothrombin, and homocysteine
metabolism were found to modestly increase the risk in young women.

Weber & Busch (Weber R 2005) performed a cost analysis of screening for inherited thrombo‐
philias in patients with IS of unknown cause and concluded that screening was of questionable
value, with the exception of antiphospholipid antibodies in younger patients.

Corod-Artal et al (Carod-Artal FJ 2005) screened 130 young patients with stroke, and only
protein S deficiency was found to be associated with stroke of unknown cause in young
subjects, but in this subpopulation 31% were oral contraceptive users.

Hamzi et al (Hamzi K 2011) performed the largest meta-analysis to date regarding possible
genes associated with ischemic stroke, with more than 150 thousand subjects included. They
found that MTHFR 677C>T, factor V Leiden, 20210 G>A prothrombin and ACE I/D polymor‐
phism had significant, although very modest, associations with IS. However, the authors did
not specify results in selected populations, such as pregnant women.

Haeusler et al (Haeusler KG 2012) reported an increased prevalence of factor VII polymor‐
phisms and factor V Leiden (although not significant) in patients with cryptogenic (unknown
cause) stroke.

All studies reported might have biases, such as selection of high-risk patients, and there is a
lack of controlled, prospective studies in pregnant women. Recommendations for routine
screening of inherited thrombophilias in the setting of stroke in pregnant or postpartum
women cannot be made at present, since pregnancy itself might be the most important risk
factor.

Inherited thrombophilia might play a role when associated with other conditions, acting
synergistically or increasing the odds of other risk factors, such as puerperium (particularly
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in CVT), preeclampsia/eclampsia, oral contraceptive use and acquired thrombophilias, such
as sickle cell disease.

3.2.2. Acquired thrombophilia

Acquired thrombophilia is a condition known to be associated with stroke. Transient cerebral
ischemia and stroke (including CVT) are clinical manifestations of antiphospholipid syndrome
(APS), but in order to establish the diagnosis a laboratory criteria must also be present, which
might be detection in the plasma of lupus anticoagulant, or anticardiolipin antibodies (IgG or
IgM) or anti-beta2-glycoprotein (IgG or IgM), in at least two occasions, 12 weeks apart, and
according to specific standard laboratory guidelines (Miyakis S 2006). The association between
IS and APS (primary and lupus-associated) is well established in case-control studies, and even
in unselected populations this association seems strong (Bushnell CD 2000).

Patients with previous cerebrovascular events who met criteria for APS should have anti-
thrombosis prophylaxis prescribed when pregnant, with non-fractioned or low-molecular
weight heparin. Prophylaxis should be extended into 6 weeks postpartum also. Aspirin can
also be added, particularly in the acute phase of an IS.

Patients with APS and previous cerebrovascular events have an increased recurrence risk of
IS, and preeclampsia seems to be an additional risk factor (Fischer-Betz R 2012).

Other acquired thrombophilias or thrombophilic status can potentially increase the risk of
stroke in pregnancy and puerperium, including sickle cell disease, nephrotic syndrome,
dehydration or severe hypovolemic status, and careful attention must be paid in this situations.

4. Thrombophilia and pregnancy complications

Adverse pregnancy outcome are not infrequent in general population. Pregnancy complica‐
tions include miscarriage, fetal loss, preeclampsia, fetal growth restriction, and placental
abruption.

The association between inherited thrombophilic disorders and miscarriage, late fetal loss or
severe preeclampsia has been described in various studies (Robertson L 2006) (v. d. Coppens
M 2006) (Rodger MA 2010).

However, there is a high uncertainty about these associations, particularly for the less preva‐
lent thrombophilia (Robertson L 2006). A meta-analysis including only prospective cohort
studies showed only association between factor V Leiden and pregnancy loss, but not with
other thrombophilias (Rodger MA 2010).

One randomized trial described increased live birth rate in women with factor V Leiden, the
prothrombin gene mutation, or protein S deficiency using enoxaparin when compared with
low-dose aspirin alone (Gris et al s et al), but the methodology was limited.

The results of other studies do not provide evidence that LMWH improves pregnancy outcome
in women with inherited thrombophilia and recurrent pregnancy loss (F. N. Coppens M 2007).
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3.2.1. Inherited thrombophilia

Inherited thrombophilias can be found in up to 11 % of patients with stroke (Bushnell CD
2000). In this systematic review, no association was found between factor V Leiden and IS, but
a slight increase in the odds ratio for prothrombin gene mutation was found (1.4; 95% CI
1.03-1.9).

A study by Voetsch (Voetsch B 2000) among 167 patients with ischemic stroke and did not find
an association with inherited thrombophilia, except in cerebral venous thrombosis, where
prothrombin gene mutation was more prevalent. For the small group of patients of African
origin, homozygosis for MTHFR 677C>T might have a potential role. Interestingly, patients
with CVT were all in use of oral contraceptives or in the puerperium.

Hankey (Hankey GJ 2001) tested 219 patients with ischemic stroke for inherited thrombophilia
in a case-control study and did not find a significant association (prevalence of 14.7% in stroke
patients and 11.7% in control subjects) between any thrombophilia or combination of throm‐
bophilias and IS, and the authors conclude that routine testing is not recommended in the
majority of patients.

Kim & Becker (Kim RJ 2003) performed a meta-analysis of the association between some
inherited thrombophilias and ischemic stroke and factor V, prothrombin, and homocysteine
metabolism were found to modestly increase the risk in young women.

Weber & Busch (Weber R 2005) performed a cost analysis of screening for inherited thrombo‐
philias in patients with IS of unknown cause and concluded that screening was of questionable
value, with the exception of antiphospholipid antibodies in younger patients.

Corod-Artal et al (Carod-Artal FJ 2005) screened 130 young patients with stroke, and only
protein S deficiency was found to be associated with stroke of unknown cause in young
subjects, but in this subpopulation 31% were oral contraceptive users.

Hamzi et al (Hamzi K 2011) performed the largest meta-analysis to date regarding possible
genes associated with ischemic stroke, with more than 150 thousand subjects included. They
found that MTHFR 677C>T, factor V Leiden, 20210 G>A prothrombin and ACE I/D polymor‐
phism had significant, although very modest, associations with IS. However, the authors did
not specify results in selected populations, such as pregnant women.

Haeusler et al (Haeusler KG 2012) reported an increased prevalence of factor VII polymor‐
phisms and factor V Leiden (although not significant) in patients with cryptogenic (unknown
cause) stroke.

All studies reported might have biases, such as selection of high-risk patients, and there is a
lack of controlled, prospective studies in pregnant women. Recommendations for routine
screening of inherited thrombophilias in the setting of stroke in pregnant or postpartum
women cannot be made at present, since pregnancy itself might be the most important risk
factor.

Inherited thrombophilia might play a role when associated with other conditions, acting
synergistically or increasing the odds of other risk factors, such as puerperium (particularly
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in CVT), preeclampsia/eclampsia, oral contraceptive use and acquired thrombophilias, such
as sickle cell disease.

3.2.2. Acquired thrombophilia

Acquired thrombophilia is a condition known to be associated with stroke. Transient cerebral
ischemia and stroke (including CVT) are clinical manifestations of antiphospholipid syndrome
(APS), but in order to establish the diagnosis a laboratory criteria must also be present, which
might be detection in the plasma of lupus anticoagulant, or anticardiolipin antibodies (IgG or
IgM) or anti-beta2-glycoprotein (IgG or IgM), in at least two occasions, 12 weeks apart, and
according to specific standard laboratory guidelines (Miyakis S 2006). The association between
IS and APS (primary and lupus-associated) is well established in case-control studies, and even
in unselected populations this association seems strong (Bushnell CD 2000).

Patients with previous cerebrovascular events who met criteria for APS should have anti-
thrombosis prophylaxis prescribed when pregnant, with non-fractioned or low-molecular
weight heparin. Prophylaxis should be extended into 6 weeks postpartum also. Aspirin can
also be added, particularly in the acute phase of an IS.

Patients with APS and previous cerebrovascular events have an increased recurrence risk of
IS, and preeclampsia seems to be an additional risk factor (Fischer-Betz R 2012).

Other acquired thrombophilias or thrombophilic status can potentially increase the risk of
stroke in pregnancy and puerperium, including sickle cell disease, nephrotic syndrome,
dehydration or severe hypovolemic status, and careful attention must be paid in this situations.

4. Thrombophilia and pregnancy complications

Adverse pregnancy outcome are not infrequent in general population. Pregnancy complica‐
tions include miscarriage, fetal loss, preeclampsia, fetal growth restriction, and placental
abruption.

The association between inherited thrombophilic disorders and miscarriage, late fetal loss or
severe preeclampsia has been described in various studies (Robertson L 2006) (v. d. Coppens
M 2006) (Rodger MA 2010).

However, there is a high uncertainty about these associations, particularly for the less preva‐
lent thrombophilia (Robertson L 2006). A meta-analysis including only prospective cohort
studies showed only association between factor V Leiden and pregnancy loss, but not with
other thrombophilias (Rodger MA 2010).

One randomized trial described increased live birth rate in women with factor V Leiden, the
prothrombin gene mutation, or protein S deficiency using enoxaparin when compared with
low-dose aspirin alone (Gris et al s et al), but the methodology was limited.

The results of other studies do not provide evidence that LMWH improves pregnancy outcome
in women with inherited thrombophilia and recurrent pregnancy loss (F. N. Coppens M 2007).
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Based on these findings the guidelines do not recommend screening for inherited thrombo‐
philia for women with a history of pregnancy complications. There is no indication of antith‐
rombotic prophylaxis for women with inherited thrombophilia and a history of pregnancy
complications.

The results of two studies that address this issue, Heparin for Pregnant Women with Throm‐
bophilia [NCT01019655] and TIPPS: Thrombophilia in Pregnancy Prophylaxis Study
[NCT00967382] are awaited with interest.

4.1. Thrombophilia and recurrent pregnancy loss

Pregnancy loss in humans occurs in up to 75% of fertilized ova and 15% of well-confirmed
pregnancies (Boklage 1990) and recurrent pregnancy losses (RPL) affect 2–5% of women in
reproductive age (Hatasaka 1994). RPL is usually defined as the loss of three or more consec‐
utive pregnancies before 20 weeks of gestation or with fetal weights less than 500 grams. Within
this definition is a large and heterogeneous group of patients with many different causes of
miscarriage. RPL frequency increases up to 5% when clinicians define RPL as two or more
losses of pregnancy (Hogge 2003). In addition, epidemiological investigations have demon‐
strated that the frequency of subsequent pregnancy loss is 24% after two pregnancy losses,
30% after three and 40% after four successive pregnancy losses (Regan 1989). Additionally,
recurrent risk for RPL may increase up to 50 percent even after six losses (Poland B 1977).

Recurrent abortion involves more than 500,000 women in the United States per year (Bick
2000). Within the past ten years interest in correlations between thrombophilia and complica‐
tions of pregnancy has remarkably increased. Thrombotic processes may also be involved in
other serious obstetric complications, such as pre-eclampsia, intrauterine growth retardation
and placental abruption by impairment of placental perfusion. Pregnancy itself induces a
physiological hyper-coagulation state (Bick 2000) (Clark P 1998) (Stirling Y 1984) that might
be aggravated by inherited or acquired thrombophilia. Results of studies on pregnancy
complications in women with thrombophilia have been conflicting. This heterogeneous group
of disorders results in increased venous and arterial thrombosis. Some thrombophilic states in
RPL may be acquired such as antiphospholipid syndrome (APS) or heritable.

4.1.1. Acquired thrombophilia

Several studies have reported the presence of various autoantibodies in patients with RPL
(Roussev RG 1996). However, only the antiphospholipid antibodies (APL) have been clearly
associated to recurrent pregnancy losses both in patients with a known autoimmune disease,
as APS or systemic lupus erythematous (SLE), and in the general population.

APL were thought to be directed against negatively charged phospholipids, but it has been
shown that they are often directed against a protein cofactor, called beta 2 glycoprotein 1, that
assists antibody association with the phospholipid (McNeil HP 1990). APL has been associated
with thrombotic complications: some are systemic and some are pregnancy specific—sponta‐
neous abortion, stillbirth, intrauterine growth retardation, and preeclampsia (Harris 1986).
Diagnosis of this syndrome requires at least one of each clinical and laboratory criterion
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(ACOG 2005). Clinical criteria are: one or more confirmed episode of vascular thrombosis of
any type (venous, arterial, small vessel) and/or pregnancy complications (three or more
consecutive spontaneous pregnancy losses at less than 10 weeks of 
gestation, one or more fetal deaths at greater than 10 weeks of gestation, one or more preterm
births at less than 34 weeks of gestation secondary to severe 
preeclampsia or placental insufficiency). Laboratory criteria are: positive plasma levels of
anticardiolipin antibodies of the IgG or IgM isotope at medium to high levels and/or positive
plasma levels of lupus anticoagulant. Testing must be positive on two or more occasions, 12
weeks or more apart (Miyakis S 2006).

The APS is the autoimmune disease most commonly associated with RPL (Rai RS 1995) to as
low as 15% (Empson M 2002) and the presence of antiphospholipid antibodies is a major risk
factor for an adverse pregnancy outcome (Out HJ 1992).

There is still controversy over the timing (early or late) of pregnancy loss more closely related
with aPL. A retrospective study in a group of 366 women with recurrent pregnancy losses
compared the type of prior pregnancy loss between women with and without APL (Oshiro et
al, 1996). A total of 79 women included in the study tested positive for APL, while 290 did not.
The rate of prior early pregnancy loss was similar in both groups (>80%). However, those
patients with APL had 50% of prior late pregnancy losses compared with <25% late pregnancy
loss rate in women without APL. The specificity of late pregnancy loss for the presence of APL
was 76% compared with only 6% for two or more early pregnancy losses, thus suggesting that
late pregnancy loss is the most frequent type of loss associated with APS. Other studies have
found that most of the APL-related pregnancy losses were biochemical pregnancy losses or
early pregnancy losses in nature (Parazzini F 1991) (MacLean MA 1994) (Yetman DL 1996).
Experimental data using APS animal models further support the evidence that any type of
pregnancy loss (including preimplantation embryos), but mainly embryo reabsorption, may
be associated with APL (Ziporen L 1998).

The association of APL with recurrent pregnancy losses in patients with SLE and the APS
suggests a causative role but, by no means, it does prove it. The major pregnancy-related target
for APL is the placenta and utero-placental insufficiency is often attributed to vasculopathy of
the terminal spiral arteries that nourish the placenta intervillous space. These vessels had
smaller diameter and showed intimal lawyer thickening, fibrinoid necrosis, and intraluminal
thrombosis (De Wolf et al, 1982). In other cases, the infarcted region may show villous
congestion and hemorrhage and early trophoblastic necrosis (Bendon RW 1987). In addition
to placental infarction and thrombosis, perivillous fibrin deposition and evidence of decidua
vascular atherosis, indicative of spiral artery vasculopathy, are seen in some APS cases
(Gharavi AE 2001).

The mechanisms by which aPL cause the above described changes are not completely under‐
stood and several hypotheses have been proposed. The earliest one is eicosanoid balance
alteration mediated by aPL. Inhibition of endothelial cell production of PGI2 (a potent inhibitor
of platelet aggregation and vasodilator) and enhancement of placental TXA2 production by
plasma from aPL-positive women have been demonstrated by some investigators (Carreras
LO 1981) (Schorer AE 1992). Another possible mechanism for thrombosis in APS is the cross-
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Based on these findings the guidelines do not recommend screening for inherited thrombo‐
philia for women with a history of pregnancy complications. There is no indication of antith‐
rombotic prophylaxis for women with inherited thrombophilia and a history of pregnancy
complications.

The results of two studies that address this issue, Heparin for Pregnant Women with Throm‐
bophilia [NCT01019655] and TIPPS: Thrombophilia in Pregnancy Prophylaxis Study
[NCT00967382] are awaited with interest.

4.1. Thrombophilia and recurrent pregnancy loss

Pregnancy loss in humans occurs in up to 75% of fertilized ova and 15% of well-confirmed
pregnancies (Boklage 1990) and recurrent pregnancy losses (RPL) affect 2–5% of women in
reproductive age (Hatasaka 1994). RPL is usually defined as the loss of three or more consec‐
utive pregnancies before 20 weeks of gestation or with fetal weights less than 500 grams. Within
this definition is a large and heterogeneous group of patients with many different causes of
miscarriage. RPL frequency increases up to 5% when clinicians define RPL as two or more
losses of pregnancy (Hogge 2003). In addition, epidemiological investigations have demon‐
strated that the frequency of subsequent pregnancy loss is 24% after two pregnancy losses,
30% after three and 40% after four successive pregnancy losses (Regan 1989). Additionally,
recurrent risk for RPL may increase up to 50 percent even after six losses (Poland B 1977).

Recurrent abortion involves more than 500,000 women in the United States per year (Bick
2000). Within the past ten years interest in correlations between thrombophilia and complica‐
tions of pregnancy has remarkably increased. Thrombotic processes may also be involved in
other serious obstetric complications, such as pre-eclampsia, intrauterine growth retardation
and placental abruption by impairment of placental perfusion. Pregnancy itself induces a
physiological hyper-coagulation state (Bick 2000) (Clark P 1998) (Stirling Y 1984) that might
be aggravated by inherited or acquired thrombophilia. Results of studies on pregnancy
complications in women with thrombophilia have been conflicting. This heterogeneous group
of disorders results in increased venous and arterial thrombosis. Some thrombophilic states in
RPL may be acquired such as antiphospholipid syndrome (APS) or heritable.

4.1.1. Acquired thrombophilia

Several studies have reported the presence of various autoantibodies in patients with RPL
(Roussev RG 1996). However, only the antiphospholipid antibodies (APL) have been clearly
associated to recurrent pregnancy losses both in patients with a known autoimmune disease,
as APS or systemic lupus erythematous (SLE), and in the general population.

APL were thought to be directed against negatively charged phospholipids, but it has been
shown that they are often directed against a protein cofactor, called beta 2 glycoprotein 1, that
assists antibody association with the phospholipid (McNeil HP 1990). APL has been associated
with thrombotic complications: some are systemic and some are pregnancy specific—sponta‐
neous abortion, stillbirth, intrauterine growth retardation, and preeclampsia (Harris 1986).
Diagnosis of this syndrome requires at least one of each clinical and laboratory criterion
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(ACOG 2005). Clinical criteria are: one or more confirmed episode of vascular thrombosis of
any type (venous, arterial, small vessel) and/or pregnancy complications (three or more
consecutive spontaneous pregnancy losses at less than 10 weeks of 
gestation, one or more fetal deaths at greater than 10 weeks of gestation, one or more preterm
births at less than 34 weeks of gestation secondary to severe 
preeclampsia or placental insufficiency). Laboratory criteria are: positive plasma levels of
anticardiolipin antibodies of the IgG or IgM isotope at medium to high levels and/or positive
plasma levels of lupus anticoagulant. Testing must be positive on two or more occasions, 12
weeks or more apart (Miyakis S 2006).

The APS is the autoimmune disease most commonly associated with RPL (Rai RS 1995) to as
low as 15% (Empson M 2002) and the presence of antiphospholipid antibodies is a major risk
factor for an adverse pregnancy outcome (Out HJ 1992).

There is still controversy over the timing (early or late) of pregnancy loss more closely related
with aPL. A retrospective study in a group of 366 women with recurrent pregnancy losses
compared the type of prior pregnancy loss between women with and without APL (Oshiro et
al, 1996). A total of 79 women included in the study tested positive for APL, while 290 did not.
The rate of prior early pregnancy loss was similar in both groups (>80%). However, those
patients with APL had 50% of prior late pregnancy losses compared with <25% late pregnancy
loss rate in women without APL. The specificity of late pregnancy loss for the presence of APL
was 76% compared with only 6% for two or more early pregnancy losses, thus suggesting that
late pregnancy loss is the most frequent type of loss associated with APS. Other studies have
found that most of the APL-related pregnancy losses were biochemical pregnancy losses or
early pregnancy losses in nature (Parazzini F 1991) (MacLean MA 1994) (Yetman DL 1996).
Experimental data using APS animal models further support the evidence that any type of
pregnancy loss (including preimplantation embryos), but mainly embryo reabsorption, may
be associated with APL (Ziporen L 1998).

The association of APL with recurrent pregnancy losses in patients with SLE and the APS
suggests a causative role but, by no means, it does prove it. The major pregnancy-related target
for APL is the placenta and utero-placental insufficiency is often attributed to vasculopathy of
the terminal spiral arteries that nourish the placenta intervillous space. These vessels had
smaller diameter and showed intimal lawyer thickening, fibrinoid necrosis, and intraluminal
thrombosis (De Wolf et al, 1982). In other cases, the infarcted region may show villous
congestion and hemorrhage and early trophoblastic necrosis (Bendon RW 1987). In addition
to placental infarction and thrombosis, perivillous fibrin deposition and evidence of decidua
vascular atherosis, indicative of spiral artery vasculopathy, are seen in some APS cases
(Gharavi AE 2001).

The mechanisms by which aPL cause the above described changes are not completely under‐
stood and several hypotheses have been proposed. The earliest one is eicosanoid balance
alteration mediated by aPL. Inhibition of endothelial cell production of PGI2 (a potent inhibitor
of platelet aggregation and vasodilator) and enhancement of placental TXA2 production by
plasma from aPL-positive women have been demonstrated by some investigators (Carreras
LO 1981) (Schorer AE 1992). Another possible mechanism for thrombosis in APS is the cross-
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reactivity between APL and glycosaminoglycans, a family of heparin-like substances related
with the non-thrombotic properties of the vascular endothelium. The inhibition of this function
by APL may in part explain the thrombosis associated with them (Chamley LW 1993).
Additionally, APL may interfere with the function of natural inhibitors of coagulation such as
placental anticoagulant proteins (PAP) and others. PAP is a group of four calcium-dependent
phospholipid-binding proteins that inhibit phospholipid- dependent steps of coagulation by
making phospholipid inaccessible to clothing factors (Walker JH 1992). The major component
of the PAP family is the PAP-1, also called annexin V, which is most abundant in the placenta.
Annexin V and aPL compete for phospholipids in coagulation assays (Sammaritano LR 1992).
It has been shown that distribution of annexin V over the intervillous surface was significantly
lower in patients with APS that in women with recurrent pregnancy losses (Rand JH 1994).
These findings suggest that reduced annexin V production and inhibition of its anticoagulant
function by aPL may play a role in pregnancy loss in APS patients.

However, other non-thrombotic mechanisms have been implicated, being interference with
the embryonic implantation the one that has received more attention. The APL have been
found to react directly with third trimester villous trophoblastic cells (Lyden TW 1992) (Di
Simone N 2000), prevent proliferation of trophoblast derived from choriocarcinoma cells
(Chamley LW 1993), inhibit in vitro chemotaxis and differentiation of villous trophoblast
isolated from third trimester placentae (Di Simone N 2000), decrease trophoblast invasion
(Sebire NJ 2002) (Bose P 2005), and inhibit extra-villous trophoblast differentiation (Quenby S
2005). Furthermore, APL can induce pregnancy loss in mice by impairing the embryonic
implantation capacity, likely because a direct interaction with the throphoectoderm cells
(Sthoeger ZM 1993).

Additionally, aPL may impair the placenta production of chorionic gonadotropin during the
early phases of pregnancy, thus determining the embryonic evolution (Shurtz-Swirski R
1993) and, in the mice model, APS is associated with a diminished secretion of interleukin-3,
positively related with pregnancy the pregnancy loss is prevented by in vitro administration
of recombinant interleukin-3 (Fishman P 1993).

Furthermore, the role of complement activation by the aPL has also received a great deal of
attention. Several studies have suggested that activation of the complement cascade is
necessary for aPL-mediated thrombophilia and fetal loss (G. G.-O. Pierangeli SS n.d.) (Holers
VM 2002). It was found that inhibition of the complement cascade in vivo, using the C3
convertase inhibitor complement receptor 1-related gene protein y (Crry)-Ig, blocks aPL-
induced fetal loss and growth retardation, and reversed aPL-mediated thrombosis (Holers VM
2002).

4.1.2. Inherited thrombophilia

In 1996 the first reports on an association between other forms of thrombophilia and recurrent
pregnancy loss were published (Preston FE 1996) (Rai RS 1995) (Sanson BJ, 1996). Since then
numerous case control studies investigating the impact of thrombophilia on pregnancy loss
have been conducted (Kupferminc MJ 1999) (Gris JC R.-N. S., 1997) (Grandone E 1997) (Younis
JS, 2000) (Pihusch R 2001) (Alonso A, 2002) (Rasmussen A, 2004). In most of these studies factor
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V Leiden (Factor V 1691 G>A), prothrombin 20210 G>A and the methylene tetrahydrofolate
gene 677 C>T variations were determined. Some studies also included other classical markers
of thrombophilia, such as antithrombin III, protein C and protein S deficiency and APL
(Kupferminc MJ 1999)(Kupferminc MJ, 1999) (Gris JC Q. I., 2000).

The normal coagulation pathway is pivotal for the pregnancy outcomes. Also any kind of
disorder in coagulation pathway may cause thrombophilia that may be the reason of placental
insufficiency and pregnancy loss (Reznikoff-Etievan MF, 2001). It has become clear that pro-
thrombotic changes are associated with a substantial proportion of these fetal losses. Throm‐
bophilic defects, including mutations in factor V Leiden and prothrombin 20210 G>A, and
deficiencies in protein C, protein S, and antithrombin III, have been reported in 49–65% of
women with pregnancy complications and in 18–22% of women with normal pregnancies (B.
1999) (Kupferminc MJ, 1999).

Therefore, the role of thrombophilias in RPL has generated a great deal of interest. This
heterogeneous group of disorders results in increased venous and arterial thrombosis.
Although some thrombophilic states in RPL may be acquired such as APS, most are heritable
such as hyperhomocyteinemia, activated protein C resistance, deficiencies in proteins C and
S, mutations in prothrombin, and mutations in antithrombin III. The three most known
common genetic markers for thrombophilia to predispose to venous thrombosis are; factor V
Leiden (FVL), methylenetetrahydrofolate reductase mutation (MTHFR 677 C>T) and pro‐
thrombin gene mutation. Thrombophilic disorders have generated considerable interest in the
field of RPL. Thrombophilia is an important predisposition to thrombosis due to a pro-
coagulant state. Several blood-clotting disorders are grouped under the term of thrombophilia.
Clinical studies suggest that the underlying pathophysiological mechanism is mediated via
hypercoagulation, leading to utero-placental insufficiency with resultant pregnancy loss. The
basis for the association between adverse fetal outcomes and heritable thrombophilias has
focused on the mechanisms of impaired placental development and function secondary to
venous or arterial thrombosis at the maternal–fetal interface (Aubard Y, 2000) (Cotter AM 2001)
(Jeanine F, 2010).

Mutation in the gene-encoding factor V results in a protein that is resistant to the effects of
activated protein C (aPC). The most common of a variety of mutations is at position 506 with
a glutamine substitution for arginine; this FV: R506Q mutation is called the factor V Leiden
mutation. The mutation results in a protein resistant to the effects of activated protein C (aPC).
The net result is increased the cleavage of prothrombin to thrombin, which causes excessive
coagulation.

The resistance to aPC has emerged as the commonest genetic cause of thromboembolism. It is
caused by FVL in 95% of cases. The risk of thrombosis is increased 5- to 10-fold in heterozygous
carriers of FVL, and 100-fold in homozygosis (Kovalevsky G, 2004).

Inherited decreased or absent antithrombin III activity will lead to increased thrombin
formation and clotting. Prothrombin gene mutation is signaled by a defect in clotting factor II
at position G20210A. The relative risk for thrombosis in patients with this mutation is two-fold
in heterozygotes.
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reactivity between APL and glycosaminoglycans, a family of heparin-like substances related
with the non-thrombotic properties of the vascular endothelium. The inhibition of this function
by APL may in part explain the thrombosis associated with them (Chamley LW 1993).
Additionally, APL may interfere with the function of natural inhibitors of coagulation such as
placental anticoagulant proteins (PAP) and others. PAP is a group of four calcium-dependent
phospholipid-binding proteins that inhibit phospholipid- dependent steps of coagulation by
making phospholipid inaccessible to clothing factors (Walker JH 1992). The major component
of the PAP family is the PAP-1, also called annexin V, which is most abundant in the placenta.
Annexin V and aPL compete for phospholipids in coagulation assays (Sammaritano LR 1992).
It has been shown that distribution of annexin V over the intervillous surface was significantly
lower in patients with APS that in women with recurrent pregnancy losses (Rand JH 1994).
These findings suggest that reduced annexin V production and inhibition of its anticoagulant
function by aPL may play a role in pregnancy loss in APS patients.

However, other non-thrombotic mechanisms have been implicated, being interference with
the embryonic implantation the one that has received more attention. The APL have been
found to react directly with third trimester villous trophoblastic cells (Lyden TW 1992) (Di
Simone N 2000), prevent proliferation of trophoblast derived from choriocarcinoma cells
(Chamley LW 1993), inhibit in vitro chemotaxis and differentiation of villous trophoblast
isolated from third trimester placentae (Di Simone N 2000), decrease trophoblast invasion
(Sebire NJ 2002) (Bose P 2005), and inhibit extra-villous trophoblast differentiation (Quenby S
2005). Furthermore, APL can induce pregnancy loss in mice by impairing the embryonic
implantation capacity, likely because a direct interaction with the throphoectoderm cells
(Sthoeger ZM 1993).

Additionally, aPL may impair the placenta production of chorionic gonadotropin during the
early phases of pregnancy, thus determining the embryonic evolution (Shurtz-Swirski R
1993) and, in the mice model, APS is associated with a diminished secretion of interleukin-3,
positively related with pregnancy the pregnancy loss is prevented by in vitro administration
of recombinant interleukin-3 (Fishman P 1993).

Furthermore, the role of complement activation by the aPL has also received a great deal of
attention. Several studies have suggested that activation of the complement cascade is
necessary for aPL-mediated thrombophilia and fetal loss (G. G.-O. Pierangeli SS n.d.) (Holers
VM 2002). It was found that inhibition of the complement cascade in vivo, using the C3
convertase inhibitor complement receptor 1-related gene protein y (Crry)-Ig, blocks aPL-
induced fetal loss and growth retardation, and reversed aPL-mediated thrombosis (Holers VM
2002).

4.1.2. Inherited thrombophilia

In 1996 the first reports on an association between other forms of thrombophilia and recurrent
pregnancy loss were published (Preston FE 1996) (Rai RS 1995) (Sanson BJ, 1996). Since then
numerous case control studies investigating the impact of thrombophilia on pregnancy loss
have been conducted (Kupferminc MJ 1999) (Gris JC R.-N. S., 1997) (Grandone E 1997) (Younis
JS, 2000) (Pihusch R 2001) (Alonso A, 2002) (Rasmussen A, 2004). In most of these studies factor
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V Leiden (Factor V 1691 G>A), prothrombin 20210 G>A and the methylene tetrahydrofolate
gene 677 C>T variations were determined. Some studies also included other classical markers
of thrombophilia, such as antithrombin III, protein C and protein S deficiency and APL
(Kupferminc MJ 1999)(Kupferminc MJ, 1999) (Gris JC Q. I., 2000).

The normal coagulation pathway is pivotal for the pregnancy outcomes. Also any kind of
disorder in coagulation pathway may cause thrombophilia that may be the reason of placental
insufficiency and pregnancy loss (Reznikoff-Etievan MF, 2001). It has become clear that pro-
thrombotic changes are associated with a substantial proportion of these fetal losses. Throm‐
bophilic defects, including mutations in factor V Leiden and prothrombin 20210 G>A, and
deficiencies in protein C, protein S, and antithrombin III, have been reported in 49–65% of
women with pregnancy complications and in 18–22% of women with normal pregnancies (B.
1999) (Kupferminc MJ, 1999).

Therefore, the role of thrombophilias in RPL has generated a great deal of interest. This
heterogeneous group of disorders results in increased venous and arterial thrombosis.
Although some thrombophilic states in RPL may be acquired such as APS, most are heritable
such as hyperhomocyteinemia, activated protein C resistance, deficiencies in proteins C and
S, mutations in prothrombin, and mutations in antithrombin III. The three most known
common genetic markers for thrombophilia to predispose to venous thrombosis are; factor V
Leiden (FVL), methylenetetrahydrofolate reductase mutation (MTHFR 677 C>T) and pro‐
thrombin gene mutation. Thrombophilic disorders have generated considerable interest in the
field of RPL. Thrombophilia is an important predisposition to thrombosis due to a pro-
coagulant state. Several blood-clotting disorders are grouped under the term of thrombophilia.
Clinical studies suggest that the underlying pathophysiological mechanism is mediated via
hypercoagulation, leading to utero-placental insufficiency with resultant pregnancy loss. The
basis for the association between adverse fetal outcomes and heritable thrombophilias has
focused on the mechanisms of impaired placental development and function secondary to
venous or arterial thrombosis at the maternal–fetal interface (Aubard Y, 2000) (Cotter AM 2001)
(Jeanine F, 2010).

Mutation in the gene-encoding factor V results in a protein that is resistant to the effects of
activated protein C (aPC). The most common of a variety of mutations is at position 506 with
a glutamine substitution for arginine; this FV: R506Q mutation is called the factor V Leiden
mutation. The mutation results in a protein resistant to the effects of activated protein C (aPC).
The net result is increased the cleavage of prothrombin to thrombin, which causes excessive
coagulation.

The resistance to aPC has emerged as the commonest genetic cause of thromboembolism. It is
caused by FVL in 95% of cases. The risk of thrombosis is increased 5- to 10-fold in heterozygous
carriers of FVL, and 100-fold in homozygosis (Kovalevsky G, 2004).

Inherited decreased or absent antithrombin III activity will lead to increased thrombin
formation and clotting. Prothrombin gene mutation is signaled by a defect in clotting factor II
at position G20210A. The relative risk for thrombosis in patients with this mutation is two-fold
in heterozygotes.
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Individuals with hiperhomocisteinemia exhibit a deficiency of folate due to the presence of
the methylene tetrahydrofolate reductase mutation (MTHRF 677C>T C677 T). The thrombotic
risk is increased two-fold in homozygosis; and in the heterozygous state for Antithrombin III
deficiency, the risk is 20- to 50-fold.

Consistent with general thrombotic risk, carriage of combinations of two or more inherited
thrombophilic defects has particularly strong association with adverse pregnancy outcomes
(Lockwood C. J., 2002) (Preston FE, 1996). Considerable attention has been directed recently
toward a possible relationship between thrombophilias and certain pregnancy complications
other than venous thrombosis (De Santis M, 2006).

4.1.3. In vitro fertilization failures and thrombophilia

The known or purported causality of phospholipid antibodies and coagulation factors on
recurrent pregnancy loss long ago spilled over into the arena of conception with IVF or
more precisely, the lack of it.  Some have argued that without implantation to signal the
arrival  of  an  embryo,  it  would  be  improbable  for  serum  or  tissue-based  response  ele‐
ments  to  prevent  implantation.  Others  have  argued  that  the  effect  is  unrelated  to  the
embryo, but rather the negative impact is  at  the level of the endometrium. The Practice
Committee  of  the  American  Society  for  Reproductive  Medicine  released  a  Committee
Opinion in 1999, which it reviewed again in 2008, ‘‘Anti-phospholipid antibodies (APA) do
not affect IVF success’’ (Practice Committee of American Society for Reproductive Medi‐
cine. 2012). The review culled 16 peer-reviewed papers, of which 7 included appropriate
endpoints  and controls.  There  was  no  statistically  significant  impact  of  the  presence  of
phospholipid antibodies on IVF outcomes neither when studies were examined individual‐
ly nor when the data were aggregated in the 2,053 patients studied. The authors conclud‐
ed that ‘‘assessment of APA is not indicated among couples undergoing IVF. Therapy is
not justified on the basis of existing data.’’

A review was recently published on the topic of thrombophilias and IVF outcome (Di Nisio
M, 2011). The authors' initial search yielded 694 studies. Case reports, editorials, reviews, meta-
analyses, studies with inadequate outcomes, absence of thrombophilia/anti-phospholipid
antibodies, and more than one of the above was excluded and 33 (6,092 patients) were
ultimately analyzed. They report that twenty-nine studies (5,270 patients) assessed anti-
phospholipid antibodies in women treated with assisted reproductive techniques (ART). The
prevalence of antibodies in infertile patients varied from 0%–45%. When examining case-
control studies, the authors write ‘‘overall, the presence of one or more anti-phospholipid
antibodies was associated with a 3-fold higher risk of ART failure.’’ There was a significant
degree of heterogeneity across these case-control studies.

4.2. Thrombophilia and fetal growth restriction

Obstetricians have been very interested on the possible consequences of thrombophilia
because in face of an unexpected pregnancy event, such as fetal growth restriction not
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associated to preeclampsia or arterial hypertension, colagenosis as Systemic Lupus or any
other maternal identified disease. This has been the casa once many patients that would have
the profile for antiphospholipid syndrome showed no abnormal antibodies on their laboratory
workup. So, there would be another group of women that would have another type of
“coagulation disorder” that would have to be sorted out.

Considering the possibility that fibrin deposition on the maternal surface of the placenta may
impair gas exchanges and nutritional elements between mother and fetus, the model of a
thrombophilic induced placental insufficiency seems very attractive.

It has to be emphasized that most studies focus on the maternal aspect of maternal thrombosis
in thrombophilia and less is regarded on the obstetrical and fetal complications of thrombo‐
philia in pregnancy.

It has been shown by some authors that this association is found in case control study (Monari
F, 2012), where all thrombophilias evaluated had a greater incidence within patients with
history of fetal death and that Factor II 20210 G>A gene mutation had also a predictive value
for previous fetal deaths in this study population.

Others contest this association when placental infarction is evaluated in comparison to
abnormal placentation (Franco C 2011). In this study, no association was found between the
presence of thrombophilia and histological findings of infarction.

One of us (R.B., personal communication not published) have observed instances where
patients develop placental ultrasonography abnormal image - Grade II or III during second
trimester – (Grannum PA, 1979) together with fetal growth restriction that demonstrated true
catch up in fetal growth and sustained or regression in placental grade upon prophylactic low-
dose heparin and aspirin regimen. In two occasions patients showed to be Leiden Factor
heterozygous and Protein S deficiency.

One interesting study showed an increase in the frequency of patients with prothrombin gene
mutation associated to IUGR and abruptio placentae (Kupferminc MJ, Peri H, Zwang E, Yaron
Y, Wolman I, 2000).

Although randomized trial are still necessary to address the question whether treatment
should be advised for women with diagnosed hereditary thrombophilia to prevent adverse
pregnancy results, many authors agree that treatment ensures good results, like the one
reported by results Kosar (Kosar A 2011). The live birth rate for treated patients was only 62%,
even with treatment, which brings up de the consideration that this is really a high-risk
obstetrical population.

One group showed that the institution of low-molecular-weight heparin to women with
previous fetal growth restriction or pre eclampsia had a dramatic reduction on the recurrence
of these events on subsequent pregnancies (Kupferminc, 2011).

When reviewing the literature one must be careful with the conclusions offered because most
of the studies do not have a good enough large sample size to draw final conclusions.
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Individuals with hiperhomocisteinemia exhibit a deficiency of folate due to the presence of
the methylene tetrahydrofolate reductase mutation (MTHRF 677C>T C677 T). The thrombotic
risk is increased two-fold in homozygosis; and in the heterozygous state for Antithrombin III
deficiency, the risk is 20- to 50-fold.

Consistent with general thrombotic risk, carriage of combinations of two or more inherited
thrombophilic defects has particularly strong association with adverse pregnancy outcomes
(Lockwood C. J., 2002) (Preston FE, 1996). Considerable attention has been directed recently
toward a possible relationship between thrombophilias and certain pregnancy complications
other than venous thrombosis (De Santis M, 2006).

4.1.3. In vitro fertilization failures and thrombophilia

The known or purported causality of phospholipid antibodies and coagulation factors on
recurrent pregnancy loss long ago spilled over into the arena of conception with IVF or
more precisely, the lack of it.  Some have argued that without implantation to signal the
arrival  of  an  embryo,  it  would  be  improbable  for  serum  or  tissue-based  response  ele‐
ments  to  prevent  implantation.  Others  have  argued  that  the  effect  is  unrelated  to  the
embryo, but rather the negative impact is  at  the level of the endometrium. The Practice
Committee  of  the  American  Society  for  Reproductive  Medicine  released  a  Committee
Opinion in 1999, which it reviewed again in 2008, ‘‘Anti-phospholipid antibodies (APA) do
not affect IVF success’’ (Practice Committee of American Society for Reproductive Medi‐
cine. 2012). The review culled 16 peer-reviewed papers, of which 7 included appropriate
endpoints  and controls.  There  was  no  statistically  significant  impact  of  the  presence  of
phospholipid antibodies on IVF outcomes neither when studies were examined individual‐
ly nor when the data were aggregated in the 2,053 patients studied. The authors conclud‐
ed that ‘‘assessment of APA is not indicated among couples undergoing IVF. Therapy is
not justified on the basis of existing data.’’

A review was recently published on the topic of thrombophilias and IVF outcome (Di Nisio
M, 2011). The authors' initial search yielded 694 studies. Case reports, editorials, reviews, meta-
analyses, studies with inadequate outcomes, absence of thrombophilia/anti-phospholipid
antibodies, and more than one of the above was excluded and 33 (6,092 patients) were
ultimately analyzed. They report that twenty-nine studies (5,270 patients) assessed anti-
phospholipid antibodies in women treated with assisted reproductive techniques (ART). The
prevalence of antibodies in infertile patients varied from 0%–45%. When examining case-
control studies, the authors write ‘‘overall, the presence of one or more anti-phospholipid
antibodies was associated with a 3-fold higher risk of ART failure.’’ There was a significant
degree of heterogeneity across these case-control studies.

4.2. Thrombophilia and fetal growth restriction

Obstetricians have been very interested on the possible consequences of thrombophilia
because in face of an unexpected pregnancy event, such as fetal growth restriction not
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associated to preeclampsia or arterial hypertension, colagenosis as Systemic Lupus or any
other maternal identified disease. This has been the casa once many patients that would have
the profile for antiphospholipid syndrome showed no abnormal antibodies on their laboratory
workup. So, there would be another group of women that would have another type of
“coagulation disorder” that would have to be sorted out.

Considering the possibility that fibrin deposition on the maternal surface of the placenta may
impair gas exchanges and nutritional elements between mother and fetus, the model of a
thrombophilic induced placental insufficiency seems very attractive.

It has to be emphasized that most studies focus on the maternal aspect of maternal thrombosis
in thrombophilia and less is regarded on the obstetrical and fetal complications of thrombo‐
philia in pregnancy.

It has been shown by some authors that this association is found in case control study (Monari
F, 2012), where all thrombophilias evaluated had a greater incidence within patients with
history of fetal death and that Factor II 20210 G>A gene mutation had also a predictive value
for previous fetal deaths in this study population.

Others contest this association when placental infarction is evaluated in comparison to
abnormal placentation (Franco C 2011). In this study, no association was found between the
presence of thrombophilia and histological findings of infarction.

One of us (R.B., personal communication not published) have observed instances where
patients develop placental ultrasonography abnormal image - Grade II or III during second
trimester – (Grannum PA, 1979) together with fetal growth restriction that demonstrated true
catch up in fetal growth and sustained or regression in placental grade upon prophylactic low-
dose heparin and aspirin regimen. In two occasions patients showed to be Leiden Factor
heterozygous and Protein S deficiency.

One interesting study showed an increase in the frequency of patients with prothrombin gene
mutation associated to IUGR and abruptio placentae (Kupferminc MJ, Peri H, Zwang E, Yaron
Y, Wolman I, 2000).

Although randomized trial are still necessary to address the question whether treatment
should be advised for women with diagnosed hereditary thrombophilia to prevent adverse
pregnancy results, many authors agree that treatment ensures good results, like the one
reported by results Kosar (Kosar A 2011). The live birth rate for treated patients was only 62%,
even with treatment, which brings up de the consideration that this is really a high-risk
obstetrical population.

One group showed that the institution of low-molecular-weight heparin to women with
previous fetal growth restriction or pre eclampsia had a dramatic reduction on the recurrence
of these events on subsequent pregnancies (Kupferminc, 2011).

When reviewing the literature one must be careful with the conclusions offered because most
of the studies do not have a good enough large sample size to draw final conclusions.
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This is the case of the Australian study comparing pregnancy results of women with and
without inherited thrombophilia and positive pregnancy with pre eclampsia, fetal restriction,
fetal death or placental abruption. Groups comprised 115 women on each arm and no
difference on the frequency of thrombophilia in the group with and without adverse history.
Now we have to wonder that for instance, Leiden Factor V is expected in less than 2% of any
Caucasian population and 20210 G>A prothrombin gene mutation is even less frequent. A case
control study would have to add up at least 600 hundred woman on each arm to be able to
draw final conclusions.

A large cohort study of nulliparous women as performed where the results of inherited
thrombophilia was blind to caring physicians and only a strong association of 20210 G>A
prothrombin gene mutation was found to adverse results of their pregnancies (pre eclampsia,
fetal death, fetal restriction, placenta abruption). None of the other thrombophilia showed
association to any of these events in this asymptomatic population (Said, 2010).

When we look in the literature on acquired thrombophilia and fetal growth restriction, there
is greater agreement that there is a relation between them.

4.3. Thrombophilia and preeclampsia

Preeclampsia is a leading cause of maternal-fetal morbidity and mortality. It accounts for a
significant fraction of maternal deaths in developed and underdeveloped countries. Pree‐
clampsia is one of the most researched diseases in medicine, and so far several aspects of its
pathophysiology have been elucidated. However, a major concept that prevails among the
most important studies is that preeclampsia is a multifactorial disease.

One of the most controversial aspects is the role of acquired and inherited thrombophilia in
the development of preeclampsia. In this chapter, we present a review on the studies about
thrombophilia and preeclampsia, with a critical standing point and future perspectives on this
issue.

How thrombophilia might act as cause or contributor in preeclampsia? Thrombophilias may
act as co-factor in decreasing placental function through vascular thrombosis and also may
regulate inflammatory pathways and increase intravascular coagulation. Alltogether with
other contributors these features may trigger endothelial dysfunction and lead to the clinical
and laboratorial picture of preeclampsia (Kupferminc., 2003).

4.3.1. Inherited thrombophilias

Among inherited thrombophilias, the most studied are factor V Leiden mutation, 20210 G>A
prothrombin mutation, MTHRF 677C>T, protein C deficiency, protein S deficiency and
activated protein C resistance.

There are conflicting results regarding the association between inherited thrombophilias and
preeclampsia. This might be due to several factors: small sample sizes, poor methodological
quality, retrospective nature of most studies and heterogeneity in the prevalence of thrombo‐
philia in different populations.
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Initial reports showed a marked increase in the prevalence of thrombophilic mutations in
women with preeclampsia compared to women with uneventful pregnancies, with figures of
40% to 72% for at least one mutation (Stella CL, 2006) (Kupferminc MJ, 1999). These studies
were in most part case-control and included women with late and early-onset, mild and severe
preeclampsia, as also HELLP syndrome and eclampsia.

Despite these convincing evidences, several studies further did not confirm such a strong
association (Rodger, 2007).

Kosmas et al (Kosmas, 2003) reported a meta-analysis of more than 5,000 women among 19
studies. For the studies published until 2000, an association was found between factor V Leiden
and preeclampsia, however, for the studies published in 2001-2002 this association was not
confirmed.

Dizon-Towson et al (Dizon-Townson D, 2005) also found no association between factor V
Leiden and prothrombin mutations with preeclampsia, and this was a multi-center, prospec‐
tive study.

Another prospective study (Said, 2010) involving 2034 women did not find significant
associations between any inherited thrombophilia and preeclampsia and the authors conclud‐
ed that the majority of women with inherited thrombophilia have normal pregnancy outcomes.

Alfirevic et al. (Alfirevic, 2002) reported the first systematic review of the association between
maternal thrombophilia and preeclampsia, and factor V Leiden mutation (heterozygous),
20210 G>A prothrombin mutation (heterozygous), MTHFR 677C>T (homozygous), protein C
deficiency, protein S deficiency and activated protein C resistance were more prevalent among
women with preeclampsia.

In a systematic review performed by Robertson et al. (Robertson L, 2006), the odds ratios for
several genetic mutations (factor V Leiden, prothrombin mutation, MTHFR 677C>T and
protein S) ranged from 1.37 to 3.49, with evidence of heterogeneity among some studies.

In a systematic review and meta-analysis, Rodger et al. (Rodger MA, 2010) failed to show a
significant association between factor V Leiden and prothrombin gene mutation. This review
included ten prospective cohort studies and more than twenty thousand patients.

Combined thrombophilias (being carrier of more than one mutation) might have a stronger
association with early-onset, severe preeclampsia and HELLP syndrome, however conclusive
and solid evidence is also lacking.

The  American  College  of  Obstetricians  and  Gynecologists  (Lockwood  C,  Wendel  G;
Committee  on  Practice  Bulletins—  Obstetrics.,  2011)  stated  that  the  evidence  is  insuffi‐
cient to conclude that inherited thrombophilia increases the occurrence of preeclampsia and
therefore do not recommend screening and treatment for thrombophilia in women with
previous preeclampsia.

Lockwood (Lockwood C., 2010) also cautioned against screening and treatment for inherited
thrombophilias, unless in the setting of a clinical trial. The author argues that methodological
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This is the case of the Australian study comparing pregnancy results of women with and
without inherited thrombophilia and positive pregnancy with pre eclampsia, fetal restriction,
fetal death or placental abruption. Groups comprised 115 women on each arm and no
difference on the frequency of thrombophilia in the group with and without adverse history.
Now we have to wonder that for instance, Leiden Factor V is expected in less than 2% of any
Caucasian population and 20210 G>A prothrombin gene mutation is even less frequent. A case
control study would have to add up at least 600 hundred woman on each arm to be able to
draw final conclusions.

A large cohort study of nulliparous women as performed where the results of inherited
thrombophilia was blind to caring physicians and only a strong association of 20210 G>A
prothrombin gene mutation was found to adverse results of their pregnancies (pre eclampsia,
fetal death, fetal restriction, placenta abruption). None of the other thrombophilia showed
association to any of these events in this asymptomatic population (Said, 2010).

When we look in the literature on acquired thrombophilia and fetal growth restriction, there
is greater agreement that there is a relation between them.

4.3. Thrombophilia and preeclampsia

Preeclampsia is a leading cause of maternal-fetal morbidity and mortality. It accounts for a
significant fraction of maternal deaths in developed and underdeveloped countries. Pree‐
clampsia is one of the most researched diseases in medicine, and so far several aspects of its
pathophysiology have been elucidated. However, a major concept that prevails among the
most important studies is that preeclampsia is a multifactorial disease.

One of the most controversial aspects is the role of acquired and inherited thrombophilia in
the development of preeclampsia. In this chapter, we present a review on the studies about
thrombophilia and preeclampsia, with a critical standing point and future perspectives on this
issue.

How thrombophilia might act as cause or contributor in preeclampsia? Thrombophilias may
act as co-factor in decreasing placental function through vascular thrombosis and also may
regulate inflammatory pathways and increase intravascular coagulation. Alltogether with
other contributors these features may trigger endothelial dysfunction and lead to the clinical
and laboratorial picture of preeclampsia (Kupferminc., 2003).

4.3.1. Inherited thrombophilias

Among inherited thrombophilias, the most studied are factor V Leiden mutation, 20210 G>A
prothrombin mutation, MTHRF 677C>T, protein C deficiency, protein S deficiency and
activated protein C resistance.

There are conflicting results regarding the association between inherited thrombophilias and
preeclampsia. This might be due to several factors: small sample sizes, poor methodological
quality, retrospective nature of most studies and heterogeneity in the prevalence of thrombo‐
philia in different populations.

Pregnancy Thrombophilia - The Unsuspected Risk54

Initial reports showed a marked increase in the prevalence of thrombophilic mutations in
women with preeclampsia compared to women with uneventful pregnancies, with figures of
40% to 72% for at least one mutation (Stella CL, 2006) (Kupferminc MJ, 1999). These studies
were in most part case-control and included women with late and early-onset, mild and severe
preeclampsia, as also HELLP syndrome and eclampsia.

Despite these convincing evidences, several studies further did not confirm such a strong
association (Rodger, 2007).

Kosmas et al (Kosmas, 2003) reported a meta-analysis of more than 5,000 women among 19
studies. For the studies published until 2000, an association was found between factor V Leiden
and preeclampsia, however, for the studies published in 2001-2002 this association was not
confirmed.

Dizon-Towson et al (Dizon-Townson D, 2005) also found no association between factor V
Leiden and prothrombin mutations with preeclampsia, and this was a multi-center, prospec‐
tive study.

Another prospective study (Said, 2010) involving 2034 women did not find significant
associations between any inherited thrombophilia and preeclampsia and the authors conclud‐
ed that the majority of women with inherited thrombophilia have normal pregnancy outcomes.

Alfirevic et al. (Alfirevic, 2002) reported the first systematic review of the association between
maternal thrombophilia and preeclampsia, and factor V Leiden mutation (heterozygous),
20210 G>A prothrombin mutation (heterozygous), MTHFR 677C>T (homozygous), protein C
deficiency, protein S deficiency and activated protein C resistance were more prevalent among
women with preeclampsia.

In a systematic review performed by Robertson et al. (Robertson L, 2006), the odds ratios for
several genetic mutations (factor V Leiden, prothrombin mutation, MTHFR 677C>T and
protein S) ranged from 1.37 to 3.49, with evidence of heterogeneity among some studies.

In a systematic review and meta-analysis, Rodger et al. (Rodger MA, 2010) failed to show a
significant association between factor V Leiden and prothrombin gene mutation. This review
included ten prospective cohort studies and more than twenty thousand patients.

Combined thrombophilias (being carrier of more than one mutation) might have a stronger
association with early-onset, severe preeclampsia and HELLP syndrome, however conclusive
and solid evidence is also lacking.

The  American  College  of  Obstetricians  and  Gynecologists  (Lockwood  C,  Wendel  G;
Committee  on  Practice  Bulletins—  Obstetrics.,  2011)  stated  that  the  evidence  is  insuffi‐
cient to conclude that inherited thrombophilia increases the occurrence of preeclampsia and
therefore do not recommend screening and treatment for thrombophilia in women with
previous preeclampsia.

Lockwood (Lockwood C., 2010) also cautioned against screening and treatment for inherited
thrombophilias, unless in the setting of a clinical trial. The author argues that methodological
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quality of the positive associations is questionable, that these associations are modest (3-fold
increase) and that large prospective cohort studies did not show a consistent association.

In summary, the most recent evidence points to a weak association between preeclampsia and
inherited thrombophilias. Even this evidence derives from small studies, with possible
selection and report biases. The recent evidence also discourages treatment with heparin based
on a diagnosis of inherited thrombophilia.

4.3.2. Acquired thrombophilia

Antiphospholipid antibodies are more frequently encountered in patients with preeclampsia,
and in this setting they might be a modulator of the severity of the disease rather than a direct
cause.

The Sydney Consensus Statement on Investigational Classification Criteria for the Antiphos‐
pholipid Syndrome (Miyakis S, 2006) included eclampsia or severe preeclampsia leading to
preterm delivery prior to the 34th week as clinical criteria. To establish the diagnosis of
antiphospholipid syndrome (APS) a laboratory criteria must also be present, which might be
detection in the plasma of lupus anticoagulant, or anticardiolipin antibodies (IgG or IgM) or
anti-beta2-glycoprotein (IgG or IgM), in at least two occasions, 12 weeks apart, and according
to specific standard laboratory guidelines.

Do Prado et al (do Prado AD, 2010) performed a systematic review on the association between
preeclampsia and anticardiolipin antibodies. The authors found a significant association with
an odds ratio of 11.15 for severe preeclampsia and 2.86 for preeclampsia.

Abou-Nassar et al. (Abou-Nassar K, 2011) Published a systematic review of antiphospholipid
antibodies and preeclampsia and found an inconsistent association, detected only in case-
control studies but not in cohort studies, and of lower magnitude.

Although controversial, recent evidence suggests that treatment with heparin and low-dose
aspirin in order to reduce recurrence risk is warranted in this situation, with overall pregnancy
success rates of more than 70% (Ernest JM, 2011) (Lockwood C., 2010).

It must also be noted that women with APS are at greater risk of thromboembolism, and
anticoagulation should be prescribed for this purpose also.

Author details

Ricardo Barini, Joyce Annichino-Bizzache, Egle Couto, Marcelo Luis Nomura,
Adriana Goes Soligo and Isabela Nelly Machado

Faculdade de Ciências Médicas UNICAMP, SP, Brazil

Pregnancy Thrombophilia - The Unsuspected Risk56

References

[1] Abou-Nassar K, Carrier M, Ramsay T, Rodger MA. "The association between anti‐
phospholipid antibodies and placenta mediated complications: a systematic review
and meta-analysis." Thromb Res 128, no. 1 (Jul 2011): 77-85.

[2] ACOG. "Antiphospholipid syndrome." Practice Bulletin No. 68, Nov 2005.

[3] Alfirevic, Z., Roberts, D., Martlew, V. "How strong is the association between mater‐
nal thrombophilia and adverse pregnancy outcome? A systematic review." Eur J Ob‐
stet Gynecol Reprod Biol, Feb 2002: 6-14.

[4] Alonso A, Soto I, Urgelles MF, Corte JR, Rodriguez MJ, Pinto CR. "Acquired and in‐
herited thrombophilia in women with unexplained fetal losses." Am J Obstet Gyne‐
col, 2002: 1337 - 42.

[5] Aubard Y, et al. "Hyperhomocysteinema and pregnancy review of our present un‐
derstanding and therapeutic implications." Eur J Obstet Gynecol, 2000: 157–65.

[6] B., Brenner. "Inherited thrombophilia and pregnancy loss." Thromb Haemost, 1999:
634–640.

[7] Bates SM, Greer IA, Middeldorp S, Veenstra DL, Prabulos AM, Vandvik PO, and
American College of Chest Physicians. "VTE, thrombophilia, antithrombotic therapy,
and pregnancy: Antithrombotic Therapy and Prevention of Thrombosis, 9th ed:
American College of Chest Physicians Evidence-Based Clinical Practice Guidelines."
Chest. 141, no. 2 Suppl (Feb 2012): e691S-736S.

[8] Bendon RW, Wilson J, Getahun B, van der Bel-Kahn J. "A maternal death due to
thrombotic disease associated with anticardiolipin antibody." Arch Pathol Lab, 1987:
370–372.

[9] Bennet SA, Bagot CN, Arya R. "Pregnancy loss and thrombophilia: the elusive link."
Br J Haematol 157 (2012): 529-42.

[10] Bezemer ID, van der Meer FJ, Eikenboom JC, Rosendaal FR, Doggen CJ. "The value
of family history as a risk indicator for venous thrombosis." Arch Intern Med 169
(2009): 610 - 615.

[11] Bick, R L. "Recurrent miscarriage syndrome due to blood coagulation protein/platelet
defects: prevalence, treatment and outcome results. DRW Metroplex Recurrent Mis‐
carriage Syndrome Cooperative Group." Clin Appl Thromb Hemost 6 (2000): 115-25.

[12] Biron-Andreani C, Schved JF, Daures JP. "Factor V Leiden mutation and pregnancy-
related venous thromboembolism:what is the exact risk? Results from a meta-analy‐
sis." Thromb Haemost 18, no. 96 (2006): 14-18.

[13] Boklage, CE. "Survival probability of human conceptions from fertilization to term."
Int J Fertil 35, no. 2 (Mar-Apr 1990): 75, 79-80, 81-94.

Main Types of Clinical Appearance of Thrombophilic States During Pregnancy – Target Groups…
http://dx.doi.org/10.5772/56819

57



quality of the positive associations is questionable, that these associations are modest (3-fold
increase) and that large prospective cohort studies did not show a consistent association.

In summary, the most recent evidence points to a weak association between preeclampsia and
inherited thrombophilias. Even this evidence derives from small studies, with possible
selection and report biases. The recent evidence also discourages treatment with heparin based
on a diagnosis of inherited thrombophilia.

4.3.2. Acquired thrombophilia

Antiphospholipid antibodies are more frequently encountered in patients with preeclampsia,
and in this setting they might be a modulator of the severity of the disease rather than a direct
cause.

The Sydney Consensus Statement on Investigational Classification Criteria for the Antiphos‐
pholipid Syndrome (Miyakis S, 2006) included eclampsia or severe preeclampsia leading to
preterm delivery prior to the 34th week as clinical criteria. To establish the diagnosis of
antiphospholipid syndrome (APS) a laboratory criteria must also be present, which might be
detection in the plasma of lupus anticoagulant, or anticardiolipin antibodies (IgG or IgM) or
anti-beta2-glycoprotein (IgG or IgM), in at least two occasions, 12 weeks apart, and according
to specific standard laboratory guidelines.

Do Prado et al (do Prado AD, 2010) performed a systematic review on the association between
preeclampsia and anticardiolipin antibodies. The authors found a significant association with
an odds ratio of 11.15 for severe preeclampsia and 2.86 for preeclampsia.

Abou-Nassar et al. (Abou-Nassar K, 2011) Published a systematic review of antiphospholipid
antibodies and preeclampsia and found an inconsistent association, detected only in case-
control studies but not in cohort studies, and of lower magnitude.

Although controversial, recent evidence suggests that treatment with heparin and low-dose
aspirin in order to reduce recurrence risk is warranted in this situation, with overall pregnancy
success rates of more than 70% (Ernest JM, 2011) (Lockwood C., 2010).

It must also be noted that women with APS are at greater risk of thromboembolism, and
anticoagulation should be prescribed for this purpose also.

Author details

Ricardo Barini, Joyce Annichino-Bizzache, Egle Couto, Marcelo Luis Nomura,
Adriana Goes Soligo and Isabela Nelly Machado

Faculdade de Ciências Médicas UNICAMP, SP, Brazil

Pregnancy Thrombophilia - The Unsuspected Risk56

References

[1] Abou-Nassar K, Carrier M, Ramsay T, Rodger MA. "The association between anti‐
phospholipid antibodies and placenta mediated complications: a systematic review
and meta-analysis." Thromb Res 128, no. 1 (Jul 2011): 77-85.

[2] ACOG. "Antiphospholipid syndrome." Practice Bulletin No. 68, Nov 2005.

[3] Alfirevic, Z., Roberts, D., Martlew, V. "How strong is the association between mater‐
nal thrombophilia and adverse pregnancy outcome? A systematic review." Eur J Ob‐
stet Gynecol Reprod Biol, Feb 2002: 6-14.

[4] Alonso A, Soto I, Urgelles MF, Corte JR, Rodriguez MJ, Pinto CR. "Acquired and in‐
herited thrombophilia in women with unexplained fetal losses." Am J Obstet Gyne‐
col, 2002: 1337 - 42.

[5] Aubard Y, et al. "Hyperhomocysteinema and pregnancy review of our present un‐
derstanding and therapeutic implications." Eur J Obstet Gynecol, 2000: 157–65.

[6] B., Brenner. "Inherited thrombophilia and pregnancy loss." Thromb Haemost, 1999:
634–640.

[7] Bates SM, Greer IA, Middeldorp S, Veenstra DL, Prabulos AM, Vandvik PO, and
American College of Chest Physicians. "VTE, thrombophilia, antithrombotic therapy,
and pregnancy: Antithrombotic Therapy and Prevention of Thrombosis, 9th ed:
American College of Chest Physicians Evidence-Based Clinical Practice Guidelines."
Chest. 141, no. 2 Suppl (Feb 2012): e691S-736S.

[8] Bendon RW, Wilson J, Getahun B, van der Bel-Kahn J. "A maternal death due to
thrombotic disease associated with anticardiolipin antibody." Arch Pathol Lab, 1987:
370–372.

[9] Bennet SA, Bagot CN, Arya R. "Pregnancy loss and thrombophilia: the elusive link."
Br J Haematol 157 (2012): 529-42.

[10] Bezemer ID, van der Meer FJ, Eikenboom JC, Rosendaal FR, Doggen CJ. "The value
of family history as a risk indicator for venous thrombosis." Arch Intern Med 169
(2009): 610 - 615.

[11] Bick, R L. "Recurrent miscarriage syndrome due to blood coagulation protein/platelet
defects: prevalence, treatment and outcome results. DRW Metroplex Recurrent Mis‐
carriage Syndrome Cooperative Group." Clin Appl Thromb Hemost 6 (2000): 115-25.

[12] Biron-Andreani C, Schved JF, Daures JP. "Factor V Leiden mutation and pregnancy-
related venous thromboembolism:what is the exact risk? Results from a meta-analy‐
sis." Thromb Haemost 18, no. 96 (2006): 14-18.

[13] Boklage, CE. "Survival probability of human conceptions from fertilization to term."
Int J Fertil 35, no. 2 (Mar-Apr 1990): 75, 79-80, 81-94.

Main Types of Clinical Appearance of Thrombophilic States During Pregnancy – Target Groups…
http://dx.doi.org/10.5772/56819

57



[14] Bose P, Black S, Kadyrov M et al. "Heparin and aspirin attenuate placental apoptosis
in vitro: implications for early pregnancy failure." Am J Obstet Gynecol, 2005: 23–30.

[15] Brown DW, Dueker N, Jamieson DJ, Cole JW, Wozniak MA, Stern BJ, Giles WH, Kitt‐
ner SJ. "Preeclampsia and the risk of ischemic stroke among young women: results
from the Stroke Prevention in Young Women Study." Stroke 37, no. 4 (Apr 2006):
1055-9.

[16] Buchholz T, Thaler CJ. "Inherited Thrombophilia: Impact in Human Reproduction."
Am J Reprod Immunol 50 (2003): 20-32.

[17] Bushnell CD, Goldstein LB. "Diagnostic testing for coagulopathies in patients with is‐
chemic stroke." Stroke 31, no. 12 (2000): 3067-78.

[18] Carod-Artal FJ, Nunes SV, Portugal D, Silva TV, Vargas AP. "Ischemic stroke sub‐
types and thrombophilia in young and elderly Brazilian stroke patients admitted to a
rehabilitation hospital." Stroke 36, no. 9 (2005): 2012-4.

[19] Carreras LO, Defreyn G, Machin SJ et al. "Arterial thrombosis, intrauterine death and
“lupus” antiocoagulant: detec- tion of immunoglobulin interfering with prostacyclin
formation." Lancet, 1981: 244–246.

[20] Chamley LW, McKay EJ, Pattison NS. "Inhibition of heparin/antithrombin III cofactor
activity by anticardiolipin anti-bodies: a mechanism for thrombosis." Thromb Res,
1993: 103–11.

[21] Clark P, Brennand J, Conkie JA, McCall F, Greer IA, Walker ID. "Activated protein C
sensitivity, protein C, protein S and coagulation in normal pregnancy.." Thromb Hae‐
most 79 ( 1998): 1166 - 70.

[22] Conard J, Horellou MH, Van Dreden P, Lecompte T, Samama M. "Thrombosis and
pregnancy in congenital deficiencies in AT III, protein C or protein S: study of 78
women." Thromb Haemost 63 (1990): 319 - 320.

[23] Coppens M, Folkeringa N, Teune M, et al. "Natural course of the subsequent preg‐
nancy after a single loss in women with and without the factor V Leiden or pro‐
thrombin 20210A mutations." J Thromb Haemost 5 (2007 ): 1444-1448.

[24] Coppens M, van de Poel MH, Bank I, et al. "A prospective cohort study on the abso‐
lute incidence of venous thromboembolism and arterial cardiovascular disease in
asymptomatic carriers of the prothrombin 20210A mutation." Blood 108 (2006): 2604 -
2607.

[25] Cordoba I, Pegenaute C, González-López TJ, Chillon C, Sarasquete ME, Martin-Her‐
rero F, Guerrero C, Cabrero M, Garcia Sanchez MH, Pabon P, Lozano FS, Gonzalez
M, Alberca I, González-Porras JR). "Risk of placenta-mediated pregnancy complica‐
tions or pregnancy-related VTE in VTE-asymptomatic families of probands with VTE
and heterozygosity for factor V Leiden or G20210 prothrombin mutation." Eur J Hae‐
matol 8, no. 3 (Sep 2012): 250-5.

Pregnancy Thrombophilia - The Unsuspected Risk58

[26] Cotter AM, et al. "Elevated plasma homocysteine in early pregnancy: A risk factor for
the development of severe preeclampsia." Am J Obstet Gynecol, 2001: 781–5.

[27] Couto E, Nomura ML, Barini R, Silva JL. "Pregnancy- associated venous throm‐
boembolism in combined heterozygous factor V Leiden and prothrombin G2022110A
mutations." São Paulo Med J. 123 (2005): 286-88.

[28] De Santis M, et al. "Inherited and acquired thrombophilia: Pregnancy outcome and
treatment." Reprod Toxicol, 2006: 227.

[29] Di Nisio M, Rutjes AWS, Ferrante N, Tiboni GM, Cuccurullo F, Porreca E. "Thrombo‐
philia and outcomes of assisted reproduction technologies: a sys- tematic review and
meta-analysis." Blood, 2011: 2670–8.

[30] Di Simone N, Meroni PL, Del Papa N et al. " Antiphospholipid antibodies affect
trophoblast gonadotrophin secretion through adhered beta-2-glycoportein I." Arthri‐
tis Rheum, 2000: 140–50.

[31] D’Amico, EA. Trombofilia. Edited by Lorenzi TF. Rio de Janeiro, RJ: Guanabara Koo‐
gan;, 2006.

[32] Dizon-Townson D, Miller C, Sibai B, et al. "The relationship of the Factor V Leiden
mutation in pregnancy outcomes for mother and fetus." Obstet Gynecol 106 (2005):
517–24.

[33] do Prado AD, Piovesan DM, Staub HL, Horta BL. "Association of anticardiolipin an‐
tibodies with preeclampsia: a systematic review and meta-analysis." Obstet Gynecol
116, no. 6 (Dec 2010): 1433-43.

[34] Empson M, Lassere M, Craig JC, Scott J. "Recurrent pregnancy loss with antiphos‐
pholipid antibody: a systematic review of therapeutic trials." Obstet Gynecol, 2002:
135–144.

[35] Ernest JM, Marshburn PB, Kutteh WH. "Obstetric antiphospholipid syndrome: an
update on pathophysiology and management." Semin Reprod Med. 29, no. 6 (Nov
2011): 522-39.

[36] Fischer-Betz R, Specker C, Brinks R, Schneider M. "Pregnancy outcome in patients
with antiphospholipid syndrome after cerebral ischaemic events: an observational
study." Lupus 21, no. 11 (2012): 1183-9.

[37] Fishman P, Falach-Vaknine E, Zigelman R et al. "Prevention of fetal loss in experi‐
mental anti-phospholipid syndrome by in vitro administration of recombinant inter‐
leukin-3." J Clin Invest, 1993: 1834–77.

[38] Fogerty AE, Connors JM. "Management of inherited thrombophilia in pregnancy."
Curr Opin Endocrinol Diabetes Obes 16 (2009): 464–9.

[39] Franco C, Walker M, Robertson J, Fitzgerald B, Keating S, McLeod A, Kingdom JC.
"Placental infarction and thrombophilia." Obstet Gynecol, Apr 2011: 929-34.

Main Types of Clinical Appearance of Thrombophilic States During Pregnancy – Target Groups…
http://dx.doi.org/10.5772/56819

59



[14] Bose P, Black S, Kadyrov M et al. "Heparin and aspirin attenuate placental apoptosis
in vitro: implications for early pregnancy failure." Am J Obstet Gynecol, 2005: 23–30.

[15] Brown DW, Dueker N, Jamieson DJ, Cole JW, Wozniak MA, Stern BJ, Giles WH, Kitt‐
ner SJ. "Preeclampsia and the risk of ischemic stroke among young women: results
from the Stroke Prevention in Young Women Study." Stroke 37, no. 4 (Apr 2006):
1055-9.

[16] Buchholz T, Thaler CJ. "Inherited Thrombophilia: Impact in Human Reproduction."
Am J Reprod Immunol 50 (2003): 20-32.

[17] Bushnell CD, Goldstein LB. "Diagnostic testing for coagulopathies in patients with is‐
chemic stroke." Stroke 31, no. 12 (2000): 3067-78.

[18] Carod-Artal FJ, Nunes SV, Portugal D, Silva TV, Vargas AP. "Ischemic stroke sub‐
types and thrombophilia in young and elderly Brazilian stroke patients admitted to a
rehabilitation hospital." Stroke 36, no. 9 (2005): 2012-4.

[19] Carreras LO, Defreyn G, Machin SJ et al. "Arterial thrombosis, intrauterine death and
“lupus” antiocoagulant: detec- tion of immunoglobulin interfering with prostacyclin
formation." Lancet, 1981: 244–246.

[20] Chamley LW, McKay EJ, Pattison NS. "Inhibition of heparin/antithrombin III cofactor
activity by anticardiolipin anti-bodies: a mechanism for thrombosis." Thromb Res,
1993: 103–11.

[21] Clark P, Brennand J, Conkie JA, McCall F, Greer IA, Walker ID. "Activated protein C
sensitivity, protein C, protein S and coagulation in normal pregnancy.." Thromb Hae‐
most 79 ( 1998): 1166 - 70.

[22] Conard J, Horellou MH, Van Dreden P, Lecompte T, Samama M. "Thrombosis and
pregnancy in congenital deficiencies in AT III, protein C or protein S: study of 78
women." Thromb Haemost 63 (1990): 319 - 320.

[23] Coppens M, Folkeringa N, Teune M, et al. "Natural course of the subsequent preg‐
nancy after a single loss in women with and without the factor V Leiden or pro‐
thrombin 20210A mutations." J Thromb Haemost 5 (2007 ): 1444-1448.

[24] Coppens M, van de Poel MH, Bank I, et al. "A prospective cohort study on the abso‐
lute incidence of venous thromboembolism and arterial cardiovascular disease in
asymptomatic carriers of the prothrombin 20210A mutation." Blood 108 (2006): 2604 -
2607.

[25] Cordoba I, Pegenaute C, González-López TJ, Chillon C, Sarasquete ME, Martin-Her‐
rero F, Guerrero C, Cabrero M, Garcia Sanchez MH, Pabon P, Lozano FS, Gonzalez
M, Alberca I, González-Porras JR). "Risk of placenta-mediated pregnancy complica‐
tions or pregnancy-related VTE in VTE-asymptomatic families of probands with VTE
and heterozygosity for factor V Leiden or G20210 prothrombin mutation." Eur J Hae‐
matol 8, no. 3 (Sep 2012): 250-5.

Pregnancy Thrombophilia - The Unsuspected Risk58

[26] Cotter AM, et al. "Elevated plasma homocysteine in early pregnancy: A risk factor for
the development of severe preeclampsia." Am J Obstet Gynecol, 2001: 781–5.

[27] Couto E, Nomura ML, Barini R, Silva JL. "Pregnancy- associated venous throm‐
boembolism in combined heterozygous factor V Leiden and prothrombin G2022110A
mutations." São Paulo Med J. 123 (2005): 286-88.

[28] De Santis M, et al. "Inherited and acquired thrombophilia: Pregnancy outcome and
treatment." Reprod Toxicol, 2006: 227.

[29] Di Nisio M, Rutjes AWS, Ferrante N, Tiboni GM, Cuccurullo F, Porreca E. "Thrombo‐
philia and outcomes of assisted reproduction technologies: a sys- tematic review and
meta-analysis." Blood, 2011: 2670–8.

[30] Di Simone N, Meroni PL, Del Papa N et al. " Antiphospholipid antibodies affect
trophoblast gonadotrophin secretion through adhered beta-2-glycoportein I." Arthri‐
tis Rheum, 2000: 140–50.

[31] D’Amico, EA. Trombofilia. Edited by Lorenzi TF. Rio de Janeiro, RJ: Guanabara Koo‐
gan;, 2006.

[32] Dizon-Townson D, Miller C, Sibai B, et al. "The relationship of the Factor V Leiden
mutation in pregnancy outcomes for mother and fetus." Obstet Gynecol 106 (2005):
517–24.

[33] do Prado AD, Piovesan DM, Staub HL, Horta BL. "Association of anticardiolipin an‐
tibodies with preeclampsia: a systematic review and meta-analysis." Obstet Gynecol
116, no. 6 (Dec 2010): 1433-43.

[34] Empson M, Lassere M, Craig JC, Scott J. "Recurrent pregnancy loss with antiphos‐
pholipid antibody: a systematic review of therapeutic trials." Obstet Gynecol, 2002:
135–144.

[35] Ernest JM, Marshburn PB, Kutteh WH. "Obstetric antiphospholipid syndrome: an
update on pathophysiology and management." Semin Reprod Med. 29, no. 6 (Nov
2011): 522-39.

[36] Fischer-Betz R, Specker C, Brinks R, Schneider M. "Pregnancy outcome in patients
with antiphospholipid syndrome after cerebral ischaemic events: an observational
study." Lupus 21, no. 11 (2012): 1183-9.

[37] Fishman P, Falach-Vaknine E, Zigelman R et al. "Prevention of fetal loss in experi‐
mental anti-phospholipid syndrome by in vitro administration of recombinant inter‐
leukin-3." J Clin Invest, 1993: 1834–77.

[38] Fogerty AE, Connors JM. "Management of inherited thrombophilia in pregnancy."
Curr Opin Endocrinol Diabetes Obes 16 (2009): 464–9.

[39] Franco C, Walker M, Robertson J, Fitzgerald B, Keating S, McLeod A, Kingdom JC.
"Placental infarction and thrombophilia." Obstet Gynecol, Apr 2011: 929-34.

Main Types of Clinical Appearance of Thrombophilic States During Pregnancy – Target Groups…
http://dx.doi.org/10.5772/56819

59



[40] Friederich PW, Sanson BJ, Simioni P, et al. "Frequency of pregnancy-related venous
thromboembolism in anticoagulant factor-deficient women: implications for prophy‐
laxis." Ann Intern Med 125 (1996): 955 - 960.

[41] Gharavi AE, Pierangeli SS, Harris EN. "Mechanisms of pregnancy loss in antiphos‐
pholipid syndrome." Clin Obstet Gynecol, 2001: 11–19.

[42] Grandone E, Margaglione M, Colaizzo D, et al. "Factor V Leiden is associated with
repeated and recurrent unexplained fetal losses." Thromb Haemost, 1997: 822 - 4.

[43] Grannum PA, Berkowitz RL, Hobbins JC. "The ultrasonic changes in the maturing
placenta and their relation to fetal pulmonic maturity." Am J Obstet Gynecol 133, no.
8 (Apr 1979): 915-22.

[44] Gris JC, Quere I, Sanmarco M, et al. "Antiphospholipid and antiprotein syndromes in
non-thrombotic, non- autoimmune women with unexplained recurrent primary ear‐
ly foetal loss. The Nimes Obstetricians and Haematologists Study NOHA." Thromb
Haemost, 2000: 228 - 36.

[45] Gris JC, Ripart-Neveu S, Maugard C, et al. "Respective evaluation of the prevalence
of haemostasis abnormalities in unexplained primary early recurrent miscarriages.
The Nimes Obstetricians and Haematologists (NOHA) Study." Thromb Haemost,
1997: 1096 - 103.

[46] Haeusler KG, Herm J, Hoppe B, Kasabov R, Malzahn U, Endres M, Koscielny J, Jun‐
gehulsing GJ. "Thrombophilia screening in young patients with cryptogenic stroke.
Prevalence of gene polymorphisms compared to healthy blood donors and impact on
secondary stroke prevention." Hamostaseologie 32, no. 2 (2012): 147-52.

[47] Hamzi K, Tazzite A, Nadifi S. "Large-scale meta-analysis of genetic studies in ische‐
mic stroke: Five genes involving 152,797 individuals." Indian J Hum Genet 17, no. 3
(2011): 212-7.

[48] Hankey GJ, Eikelboom JW, van Bockxmeer FM, Lofthouse E, Staples N, Baker RI. "In‐
herited thrombophilia in ischemic stroke and its pathogenic subtypes." Stroke 32, no.
8 (2001): 1793-9.

[49] Harris, EN. "Syndrome of the black swan." Br J Rheumatol 26 (1986): 324–326.

[50] Hatasaka, H H. "Recurrent miscarriage: epidemiologic factors, definitions and inci‐
dence." Clin Obstet Gynecol 37 (1994): 325–334.

[51] Heit JA, Kobbervig CE, James AH, Petterson TM, Bailey KR, Melton LJ III. "Trends in
the incidence of venous thromboembolism during pregnancy or postpartum: a 30-
year population based study." Ann Intern Med. 143 (2005): 697–706.

[52] Hoffman E, Hedlund E, Perin T, Lyndrup J. Is thrombophilia a risk factor for placen‐
ta – mediated pregnancy complications? Vol. 286. 3 vols. Arch Gynecol Obstet, 2012.

Pregnancy Thrombophilia - The Unsuspected Risk60

[53] Hogge, WA. et al. "The clinical use of karyotyping spontaneous abortions." Am. J.
Obstet. Gynecol. 189 (2003): 397–400.

[54] Holers VM, Girardi G, Mo L et al. "C3 activation is required for anti-phospholipid
antibody-induced fetal loss." J Exp Med, 2002: 211–220.

[55] Jaigobin C, Silver FL. "Stroke and pregnancy." Stroke 31, no. 12 (Dec 2000): 2948-51.

[56] Jeanine F, et al. "Prenatal Screening for Thrombophilias: Indications and Controver‐
sies." Clin Lab Med, 2010: 747–760.

[57] Kim RJ, Becker RC. "Association between factor V Leiden, prothrombin G20210A,
and methylenetetrahydrofolate reductase C677T mutations and events of the arterial
circulatory system: a meta-analysis of published studies." Am Heart J. 146, no. 6
(2003): 948-57.

[58] Kosar A, Kasapoglu B, Kalyoncu S, Turan H, Balcik OS, Gümüs EI. "Treatment of ad‐
verse perinatal outcome in inherited thrombophilias: a clinical study." Blood Coagul
Fibrinolysis, Jan 2011: 14-8.

[59] Kosmas, IP., Tatsioni, A., Ioannidis, JP. "Association of Leiden mutation in factor V
gene with hypertension in pregnancy and pre-eclampsia: a meta-analysis." J Hyper‐
tens, Jul 2003: 1221-8.

[60] Kovalevsky G, et al. "Evaluation of the association between hereditary thrombophil‐
ias and recurrent pregnancy loss: a meta-analysis." Arch Intern Med, 2004: 558-63.

[61] Kupferminc MJ, Eldor A, Steinman N, et al. "Increased frequency of genetic thrombo‐
philia in women with complications of pregnancy." N Engl J Med, 1999: 9-13.

[62] Kupferminc MJ, Peri H, Zwang E, Yaron Y, Wolman I,. "High prevalence of the pro‐
thrombin gene mutation in women with intrauterine growth retardation, abruptio
placentae and second trimester loss." Acta Obstet Gynecol Scand, Nov 2000: 963-7.

[63] Kupferminc, MJ. Rimon, E. Many, A. Sharon, M. Lessing, JB, Gamzu, R.. "Low molec‐
ular weight heparin treatment during subsequent pregnancies of women with inher‐
ited thrombophilia and previous severe pregnancy complications." J Matern Fetal
Neonatal Med, Aug 2011: 1042-5.

[64] Kupferminc., MJ. "Thrombophilia and pregnancy." Reprod Biol Endocrinol., Nov
2003: 111.

[65] Lockwood C, Wendel G; Committee on Practice Bulletins— Obstetrics. "Practice Bul‐
letin No. 124: Inherited thrombophilias in pregnancy. American College of Obstetri‐
cians and Gynecologists Committee on Practice Bulletins-Obstetrics." Obstet
Gynecol, Sept 2011: 730-40.

[66] Lockwood, C J. "Inherited thrombophilias in pregnant patients: detection and treat‐
ment paradigm." Obstet Gynecol, 2002: 333–341.

Main Types of Clinical Appearance of Thrombophilic States During Pregnancy – Target Groups…
http://dx.doi.org/10.5772/56819

61



[40] Friederich PW, Sanson BJ, Simioni P, et al. "Frequency of pregnancy-related venous
thromboembolism in anticoagulant factor-deficient women: implications for prophy‐
laxis." Ann Intern Med 125 (1996): 955 - 960.

[41] Gharavi AE, Pierangeli SS, Harris EN. "Mechanisms of pregnancy loss in antiphos‐
pholipid syndrome." Clin Obstet Gynecol, 2001: 11–19.

[42] Grandone E, Margaglione M, Colaizzo D, et al. "Factor V Leiden is associated with
repeated and recurrent unexplained fetal losses." Thromb Haemost, 1997: 822 - 4.

[43] Grannum PA, Berkowitz RL, Hobbins JC. "The ultrasonic changes in the maturing
placenta and their relation to fetal pulmonic maturity." Am J Obstet Gynecol 133, no.
8 (Apr 1979): 915-22.

[44] Gris JC, Quere I, Sanmarco M, et al. "Antiphospholipid and antiprotein syndromes in
non-thrombotic, non- autoimmune women with unexplained recurrent primary ear‐
ly foetal loss. The Nimes Obstetricians and Haematologists Study NOHA." Thromb
Haemost, 2000: 228 - 36.

[45] Gris JC, Ripart-Neveu S, Maugard C, et al. "Respective evaluation of the prevalence
of haemostasis abnormalities in unexplained primary early recurrent miscarriages.
The Nimes Obstetricians and Haematologists (NOHA) Study." Thromb Haemost,
1997: 1096 - 103.

[46] Haeusler KG, Herm J, Hoppe B, Kasabov R, Malzahn U, Endres M, Koscielny J, Jun‐
gehulsing GJ. "Thrombophilia screening in young patients with cryptogenic stroke.
Prevalence of gene polymorphisms compared to healthy blood donors and impact on
secondary stroke prevention." Hamostaseologie 32, no. 2 (2012): 147-52.

[47] Hamzi K, Tazzite A, Nadifi S. "Large-scale meta-analysis of genetic studies in ische‐
mic stroke: Five genes involving 152,797 individuals." Indian J Hum Genet 17, no. 3
(2011): 212-7.

[48] Hankey GJ, Eikelboom JW, van Bockxmeer FM, Lofthouse E, Staples N, Baker RI. "In‐
herited thrombophilia in ischemic stroke and its pathogenic subtypes." Stroke 32, no.
8 (2001): 1793-9.

[49] Harris, EN. "Syndrome of the black swan." Br J Rheumatol 26 (1986): 324–326.

[50] Hatasaka, H H. "Recurrent miscarriage: epidemiologic factors, definitions and inci‐
dence." Clin Obstet Gynecol 37 (1994): 325–334.

[51] Heit JA, Kobbervig CE, James AH, Petterson TM, Bailey KR, Melton LJ III. "Trends in
the incidence of venous thromboembolism during pregnancy or postpartum: a 30-
year population based study." Ann Intern Med. 143 (2005): 697–706.

[52] Hoffman E, Hedlund E, Perin T, Lyndrup J. Is thrombophilia a risk factor for placen‐
ta – mediated pregnancy complications? Vol. 286. 3 vols. Arch Gynecol Obstet, 2012.

Pregnancy Thrombophilia - The Unsuspected Risk60

[53] Hogge, WA. et al. "The clinical use of karyotyping spontaneous abortions." Am. J.
Obstet. Gynecol. 189 (2003): 397–400.

[54] Holers VM, Girardi G, Mo L et al. "C3 activation is required for anti-phospholipid
antibody-induced fetal loss." J Exp Med, 2002: 211–220.

[55] Jaigobin C, Silver FL. "Stroke and pregnancy." Stroke 31, no. 12 (Dec 2000): 2948-51.

[56] Jeanine F, et al. "Prenatal Screening for Thrombophilias: Indications and Controver‐
sies." Clin Lab Med, 2010: 747–760.

[57] Kim RJ, Becker RC. "Association between factor V Leiden, prothrombin G20210A,
and methylenetetrahydrofolate reductase C677T mutations and events of the arterial
circulatory system: a meta-analysis of published studies." Am Heart J. 146, no. 6
(2003): 948-57.

[58] Kosar A, Kasapoglu B, Kalyoncu S, Turan H, Balcik OS, Gümüs EI. "Treatment of ad‐
verse perinatal outcome in inherited thrombophilias: a clinical study." Blood Coagul
Fibrinolysis, Jan 2011: 14-8.

[59] Kosmas, IP., Tatsioni, A., Ioannidis, JP. "Association of Leiden mutation in factor V
gene with hypertension in pregnancy and pre-eclampsia: a meta-analysis." J Hyper‐
tens, Jul 2003: 1221-8.

[60] Kovalevsky G, et al. "Evaluation of the association between hereditary thrombophil‐
ias and recurrent pregnancy loss: a meta-analysis." Arch Intern Med, 2004: 558-63.

[61] Kupferminc MJ, Eldor A, Steinman N, et al. "Increased frequency of genetic thrombo‐
philia in women with complications of pregnancy." N Engl J Med, 1999: 9-13.

[62] Kupferminc MJ, Peri H, Zwang E, Yaron Y, Wolman I,. "High prevalence of the pro‐
thrombin gene mutation in women with intrauterine growth retardation, abruptio
placentae and second trimester loss." Acta Obstet Gynecol Scand, Nov 2000: 963-7.

[63] Kupferminc, MJ. Rimon, E. Many, A. Sharon, M. Lessing, JB, Gamzu, R.. "Low molec‐
ular weight heparin treatment during subsequent pregnancies of women with inher‐
ited thrombophilia and previous severe pregnancy complications." J Matern Fetal
Neonatal Med, Aug 2011: 1042-5.

[64] Kupferminc., MJ. "Thrombophilia and pregnancy." Reprod Biol Endocrinol., Nov
2003: 111.

[65] Lockwood C, Wendel G; Committee on Practice Bulletins— Obstetrics. "Practice Bul‐
letin No. 124: Inherited thrombophilias in pregnancy. American College of Obstetri‐
cians and Gynecologists Committee on Practice Bulletins-Obstetrics." Obstet
Gynecol, Sept 2011: 730-40.

[66] Lockwood, C J. "Inherited thrombophilias in pregnant patients: detection and treat‐
ment paradigm." Obstet Gynecol, 2002: 333–341.

Main Types of Clinical Appearance of Thrombophilic States During Pregnancy – Target Groups…
http://dx.doi.org/10.5772/56819

61



[67] Lockwood, C J. "Inherited thrombophilias in pregnant patients." Prenat Neonat Med,
2001: 3–14.

[68] Lockwood, C.J. 2010. http://www.modernmedicine.com/modernmedicine/Modern
+Medicine+Now/Stop-screening-for-inherited-thrombophilias-in-pat/ArticleStan‐
dard/Article/detail/668547 (accessed Sept 17, 2012).

[69] Lyden TW, Vogt E, Ng AK, Johnson PM, Rote NS. "Monoclonal antiphospholipid an‐
tibody reactivity against human placental trophoblast." J Reprod Immunol, 1992: 1–
14.

[70] Machac S, Lubusky M, Prochazka M, Streda R. "Prevalece of inherited thrombophilia
in patients with severe ovarian hyperstimulation syndrome." Biomed Pap Med Fac
Univ Palacky Olomouc Czech Repub. 150, no. 2 (2006): 289-292.

[71] MacLean MA, Cumming GP, McCall F, Walker ID, Walker JJ. "The prevalence of lu‐
pus anticoagulant and anticardiolipin antibodies in women with a history of first tri‐
mester miscarriages." Br J Obstet Gynaecol, 1994: 103–106.

[72] Marik PE, Plante LA. "Venous thromboembolic disease and pregnancy." N Engl J
Med. 359 (2008): 2025–33.

[73] Martinelli I, Battaglioli T, De Stefano V, et al. "GIT (Gruppo Italiano Trombofilia).
The risk of fi rst venous Tromboembolism during pregnancy and puerperium in
double heterozygotes for factor V Leiden and prothrombin G20210A." J Thromb Hae‐
most 6 (2008): 494 - 498.

[74] McColl MD, Ramsay JE, Tait RC, Walker ID, McCall F, Conkie JA, et al. "Risk factors
for pregnancy associated venous thromboembolism." Thromb Haemost. 78 (1997):
1183–8.

[75] McNeil HP, et al. "Anti-phospholipid antibodies are directed against a complex anti‐
gen that includes a lipid binding inhibitor of coagulation: beta 2-glycoprotein I (apo‐
lipoprotein H).." Proc Natl Acad Sci U S A 87 (1990): 4120–4124.

[76] Miyakis S, Lockshin MD, Atsumi T, Branch DW, Brey RL, Cervera R, Derksen RH,
DE Groot PG, Koike T, Meroni PL, Reber G, Shoenfeld Y, Tincani A, Vlachoyianno‐
poulos PG, Krilis SA. "International consensus statement on an update of the classifi‐
cation criteria for definite antiphospholipid syndrome (APS)." J Thromb Haemost 4,
no. 2 (2006): 295-306.

[77] Miyata T, Sato Y, Ishikawa J, Okada H, Takeshita S, Sakata T, et al. "Prevalence of
genetic mutations in protein S, protein C and antithrombin genes in Japanese pa‐
tients with deep vein thrombosis." Thromb Res. 124 (2009): 14–8.

[78] Monari F, Alberico S, Avagliano L, Cetin I, Cozzolino S, Gargano G, Marozio L, Me‐
cacci F, Neri I, Tranquilli AL, Venturini P, Facchinetti F. "Relation between maternal
thrombophilia and stillbirth according to causes/associated conditions of death." Ear‐
ly Hum Dev., Apr 2012: 251-4.

Pregnancy Thrombophilia - The Unsuspected Risk62

[79] Moreira, C.E.S.1, M.A.S.1 Ogino, A.C.R.2 de Moraes, and T.J.C. Neiva. "Hemostasia
na gravidez estudo prospectivo RBAC." RBAC 42, no. 2 (2008): 111-113.

[80] Nomura ML, Olivares C, Min L L. "Stoke in pregnacy and puerperium: a Brazilian
case series." Personal data, unpublished. 2012.

[81] Oshiro BT, Silver RM, Scott JR, Yu H, Branch DW. "Antiphospholipid antibodies and
fetal death." Obstet Gynecol, 1996: 489–493.

[82] Out HJ, et al. " A prospective, controlled multicenter study of the obstetric risks of
pregnant women with antiphospholipid antibodies." Br J Obstet Gynaecol, 1992: 26–
32.

[83] Parazzini F, Acaia B, Faden D, Lovotti M, Marelli G, Cortelazzo S. "Antiphospholipid
antibodies and recurrent abortion." Obstet Gynecol, Jun 1991: 854-8.

[84] Pierangeli SS, Girardi G, Vega-Ostertag M, Liu X, Espinola RG, Salmon J. "Require‐
ment of activation of complement C3 and C5 for antiphospholipid antibody-mediat‐
ed thrombophilia." Arthritis Rheum., Jul 2005: 2120-4.

[85] Pierangeli SS, Girardi G, Vega-Ostertag ME, Liu X, Espinola RG, Salmon J. "Require‐
ment of activation of complement C3 and C5 for antiphospholipid antibody-mediat‐
ed thrombophilia." Arthritis Rheum, 2120–2124.

[86] Pierangeli SS, Leader B, Barilaro G, Willis R, Branch DW. Acquired and inherited
thrombophilic disorders in pregnancy. Vol. 38. Obstet Gynecol Clin N Am, 2011.

[87] Pihusch R, Buchholz T, Lohse P, et al. "Thrombophilic gene mutations and recurrent
spontaneous abortion: prothrombin mutation increases the risk in the first trimester."
Am J Reprod Immunol, 2001: 124 - 31.

[88] Poland B, et al. "Reproductive counseling in patients who have had a spontaneous
abortion." Am J Obstet Gynecol, 1977: 127: 685.

[89] Pomp ER, Lenselink AM, Rosendaal FR, Doggen CJ. "Pregnancy, the postpartum pe‐
riod and prothrombotic defects: risk of venous thrombosis in the MEGA study." J
Thromb Haemost. 6 (2008): 632–7.

[90] Practice Committee of American Society for Reproductive Medicine. "Diagnostic
evaluation of the infertile female: a committee opinion." Fertil Steril, Aug 2012: 302-7.

[91] Preston FE, Rosendaal FR, Walker ID, et al. "Increased fetal loss in women with herit‐
able thrombophilia." Lancet, 1996: 913-6.

[92] Quenby S, Mountfield S, Cartwright JE, Whitley GS, Chamley L, Vince G. "Antiphos‐
pholipid antibodies precent extravillous trophoblast differentiation.." Fertil Steril,
2005: 691–8.

Main Types of Clinical Appearance of Thrombophilic States During Pregnancy – Target Groups…
http://dx.doi.org/10.5772/56819

63



[67] Lockwood, C J. "Inherited thrombophilias in pregnant patients." Prenat Neonat Med,
2001: 3–14.

[68] Lockwood, C.J. 2010. http://www.modernmedicine.com/modernmedicine/Modern
+Medicine+Now/Stop-screening-for-inherited-thrombophilias-in-pat/ArticleStan‐
dard/Article/detail/668547 (accessed Sept 17, 2012).

[69] Lyden TW, Vogt E, Ng AK, Johnson PM, Rote NS. "Monoclonal antiphospholipid an‐
tibody reactivity against human placental trophoblast." J Reprod Immunol, 1992: 1–
14.

[70] Machac S, Lubusky M, Prochazka M, Streda R. "Prevalece of inherited thrombophilia
in patients with severe ovarian hyperstimulation syndrome." Biomed Pap Med Fac
Univ Palacky Olomouc Czech Repub. 150, no. 2 (2006): 289-292.

[71] MacLean MA, Cumming GP, McCall F, Walker ID, Walker JJ. "The prevalence of lu‐
pus anticoagulant and anticardiolipin antibodies in women with a history of first tri‐
mester miscarriages." Br J Obstet Gynaecol, 1994: 103–106.

[72] Marik PE, Plante LA. "Venous thromboembolic disease and pregnancy." N Engl J
Med. 359 (2008): 2025–33.

[73] Martinelli I, Battaglioli T, De Stefano V, et al. "GIT (Gruppo Italiano Trombofilia).
The risk of fi rst venous Tromboembolism during pregnancy and puerperium in
double heterozygotes for factor V Leiden and prothrombin G20210A." J Thromb Hae‐
most 6 (2008): 494 - 498.

[74] McColl MD, Ramsay JE, Tait RC, Walker ID, McCall F, Conkie JA, et al. "Risk factors
for pregnancy associated venous thromboembolism." Thromb Haemost. 78 (1997):
1183–8.

[75] McNeil HP, et al. "Anti-phospholipid antibodies are directed against a complex anti‐
gen that includes a lipid binding inhibitor of coagulation: beta 2-glycoprotein I (apo‐
lipoprotein H).." Proc Natl Acad Sci U S A 87 (1990): 4120–4124.

[76] Miyakis S, Lockshin MD, Atsumi T, Branch DW, Brey RL, Cervera R, Derksen RH,
DE Groot PG, Koike T, Meroni PL, Reber G, Shoenfeld Y, Tincani A, Vlachoyianno‐
poulos PG, Krilis SA. "International consensus statement on an update of the classifi‐
cation criteria for definite antiphospholipid syndrome (APS)." J Thromb Haemost 4,
no. 2 (2006): 295-306.

[77] Miyata T, Sato Y, Ishikawa J, Okada H, Takeshita S, Sakata T, et al. "Prevalence of
genetic mutations in protein S, protein C and antithrombin genes in Japanese pa‐
tients with deep vein thrombosis." Thromb Res. 124 (2009): 14–8.

[78] Monari F, Alberico S, Avagliano L, Cetin I, Cozzolino S, Gargano G, Marozio L, Me‐
cacci F, Neri I, Tranquilli AL, Venturini P, Facchinetti F. "Relation between maternal
thrombophilia and stillbirth according to causes/associated conditions of death." Ear‐
ly Hum Dev., Apr 2012: 251-4.

Pregnancy Thrombophilia - The Unsuspected Risk62

[79] Moreira, C.E.S.1, M.A.S.1 Ogino, A.C.R.2 de Moraes, and T.J.C. Neiva. "Hemostasia
na gravidez estudo prospectivo RBAC." RBAC 42, no. 2 (2008): 111-113.

[80] Nomura ML, Olivares C, Min L L. "Stoke in pregnacy and puerperium: a Brazilian
case series." Personal data, unpublished. 2012.

[81] Oshiro BT, Silver RM, Scott JR, Yu H, Branch DW. "Antiphospholipid antibodies and
fetal death." Obstet Gynecol, 1996: 489–493.

[82] Out HJ, et al. " A prospective, controlled multicenter study of the obstetric risks of
pregnant women with antiphospholipid antibodies." Br J Obstet Gynaecol, 1992: 26–
32.

[83] Parazzini F, Acaia B, Faden D, Lovotti M, Marelli G, Cortelazzo S. "Antiphospholipid
antibodies and recurrent abortion." Obstet Gynecol, Jun 1991: 854-8.

[84] Pierangeli SS, Girardi G, Vega-Ostertag M, Liu X, Espinola RG, Salmon J. "Require‐
ment of activation of complement C3 and C5 for antiphospholipid antibody-mediat‐
ed thrombophilia." Arthritis Rheum., Jul 2005: 2120-4.

[85] Pierangeli SS, Girardi G, Vega-Ostertag ME, Liu X, Espinola RG, Salmon J. "Require‐
ment of activation of complement C3 and C5 for antiphospholipid antibody-mediat‐
ed thrombophilia." Arthritis Rheum, 2120–2124.

[86] Pierangeli SS, Leader B, Barilaro G, Willis R, Branch DW. Acquired and inherited
thrombophilic disorders in pregnancy. Vol. 38. Obstet Gynecol Clin N Am, 2011.

[87] Pihusch R, Buchholz T, Lohse P, et al. "Thrombophilic gene mutations and recurrent
spontaneous abortion: prothrombin mutation increases the risk in the first trimester."
Am J Reprod Immunol, 2001: 124 - 31.

[88] Poland B, et al. "Reproductive counseling in patients who have had a spontaneous
abortion." Am J Obstet Gynecol, 1977: 127: 685.

[89] Pomp ER, Lenselink AM, Rosendaal FR, Doggen CJ. "Pregnancy, the postpartum pe‐
riod and prothrombotic defects: risk of venous thrombosis in the MEGA study." J
Thromb Haemost. 6 (2008): 632–7.

[90] Practice Committee of American Society for Reproductive Medicine. "Diagnostic
evaluation of the infertile female: a committee opinion." Fertil Steril, Aug 2012: 302-7.

[91] Preston FE, Rosendaal FR, Walker ID, et al. "Increased fetal loss in women with herit‐
able thrombophilia." Lancet, 1996: 913-6.

[92] Quenby S, Mountfield S, Cartwright JE, Whitley GS, Chamley L, Vince G. "Antiphos‐
pholipid antibodies precent extravillous trophoblast differentiation.." Fertil Steril,
2005: 691–8.

Main Types of Clinical Appearance of Thrombophilic States During Pregnancy – Target Groups…
http://dx.doi.org/10.5772/56819

63



[93] Rai RS, Clifford K, Cohen H, Regan L. "High prospective fetal loss rate in untreated
pregnancies of women with recurrent miscarriage and antiphospholipid antibodies."
Hum Reprod, 1995: 3301–3304.

[94] Rand JH, Wu XX, Guller S et al. "Reduction of annexin-V (placental anticoagulant
protein-I) on placental villi of women with antiphospholipid antibodies and recur‐
rent spontaneous abortion." Am J Obstet Gynecol, 1994: 1566–72.

[95] Rasmussen A, Ravn P. "High frequency of congenital thrombophilia in women with
pathological pregnancies?" Acta Obstet Gynecol Scand, 2004: 808 - 17.

[96] Regan, L. et al. "Influence of past reproductive performance on risk of spontaneous
abortion." BMJ 299 (1989): 541–545.

[97] Reistma PH, Rosendaal FR. "Past and future of genetic research in thrombosis." J
Thromb Haemost 5 (2007): 264-9.

[98] Ren A, Wang J. "Methylenehydrofolate reductase C677T polymorphism and the risk
of unexplained recurrent pregnancy loss: a meta-analysis." Fertility and Sterility 86
(2006): 1716-22.

[99] Reznikoff-Etievan MF, et al. "Factor V Leiden and G20210A prothrombin mutations
are risk factors for very early recurrent miscarriage." BJOG, 2001: 1251 - 1254.

[100] Robertson L, Wu O, Langhorne P, Twaddle S, Clark P, Lowe GD, Walker ID, Greaves
M, Brenkel I, Regan L, Greer IA. "Thrombosis: Risk and Economic Assessment of
Thrombophilia Screening (TREATS) Study.Thrombophilia in pregnancy: a systemat‐
ic review." Br J Haematol 132, no. 2 (Jan 2006): 171–96.

[101] Rodger MA, Betancourt MT, Clark P, et al. "The association of factor V Leiden and
prothrombin gene mutation and placenta-mediated pregnancy complications: a sys‐
tematic review and meta-analysis of prospective cohort studies." PLoS Med 7, no. 6
(2010): e1000292.

[102] Rodger, MA., Paidas, M. "Do thrombophilias cause placenta-mediated pregnancy
complications?" Semin Thromb Hemost, Sep 2007: 597-603.

[103] Roussev RG, Kaider BD, Price DE, Coulam CB. "Laboratory evaluation of women ex‐
periencing reproductive failure." Am J Reprod Immunol 35 (1996): 415–420.

[104] Said JM, Higgins JR, Moses EK, Walker SP, Monagle PT, Brennecke SP. "Inherited
thrombophilias and adverse pregnancy outcomes: a case-control study in an Austral‐
ian population." Acta Obstet Gynecol Scand, Feb 2012: 250-5.

[105] Said, JM., Higgins, JR., Moses, EK., Walker, SP., Borg, AJ., Monagle, PT., Brennecke,
SP. "Inherited thrombophilia polymorphisms and pregnancy outcomes in nullipar‐
ous women." Obstet Gynecol, Jan 2010: 5-13.

Pregnancy Thrombophilia - The Unsuspected Risk64

[106] Sammaritano LR, Gharavi AE, Soberano C, Levy RA, Lockshin MD. "Phospholipid
binding of antiphospholipid antibodies and placental anticoagulant protein." J Clin
Immunol, 1992: 27–35.

[107] Sanson BJ, Friederich PW, Simioni P, et al. "The risk of abortion and stillbirth in an‐
tithrombin-, protein C-, and protein S-deficient women." Thromb Haemost, 1996: 387
- 8.

[108] Schorer AE, Duane PG, Woods VL, Niewoehner DE. "Some antiphospholipid anti‐
bodies inhibit phospholipase A2 activity." J Lab Clin Med, 1992: 67–77.

[109] Scott CA, Bewley S, Rudd A, Spark P, Kurinczuk JJ, Brocklehurst P, Knight M. "Inci‐
dence, risk factors, management, and outcomes of stroke in pregnancy." Obstet Gy‐
necol 120, no. 2 Pt 1 (2012): 318-24.

[110] Sebire NJ, Fox H, Backos M, Rai R, Paterson C, Regan L. "Defective endovascular
trophoblast invasion in primary antiphos- pholipid antibody syndrome-associated
early pregnancy failure.." Hum Reprod, 2002: 1067–71.

[111] Shurtz-Swirski R, Inbar O, Blank M et al. "In vitro effect of anticardiolipin autoanti‐
bodies upon total and pulsatile placental hCG secretion during early pregnancy.."
Am J Reprod Immunol, 1993: 206–10.

[112] Stella CL, How HY, Sibai BM. "Thrombophilia and adverse maternal-perinatal out‐
come: controversies in screening and management." Am J Perinatol, Nov 2006:
499-506.

[113] Sthoeger ZM, Mozes E, Tartakovsky B. "Anti-cardiolipin antibodies induce pregnan‐
cy failure by impairing embryonic implantation.." Proc Natl Acad Sci USA, 1993:
6464–646.

[114] Stirling Y, Woolf L, North WR, Seghatchian MJ, Meade TW. "Haemostasis in normal
pregnancy." Thromb Haemost 52 (1984): 176 - 82

[115] Tormene D, Simioni P, Prandoni P, et al. "Factor V Leiden mutation and the risk of
venous thromboembolism in pregnant women." Haematologica 86 (2001): 1305 -
1309.

[116] Vaquero E, Lazzarin N, Caserta D, Valensise H, Baldi M, Moscarini M, Arduii D. "Di‐
agnostic evaluation of women experiencing repeated in vitro fertilization failure."
Eur J Gynecol Reprod Biol 10 (2005): 1253-5.

[117] Voetsch B, Damasceno BP, Camargo EC, Massaro A, Bacheschi LA, Scaff M, Annichi‐
no-Bizzacchi JM, Arruda VR. "nherited thrombophilia as a risk factor for the devel‐
opment of ischemic stroke in young adults. I." Thromb Haemost 83, no. 2 (2000):
229-33.

[118] Walker JH, Boustead CM, Koster JJ, Bewley M, Waller DA. "Annexin V, a calcium-
dependent phospholipid-binding protein.." Biochem Soc Trans, 1992: 828–33.

Main Types of Clinical Appearance of Thrombophilic States During Pregnancy – Target Groups…
http://dx.doi.org/10.5772/56819

65



[93] Rai RS, Clifford K, Cohen H, Regan L. "High prospective fetal loss rate in untreated
pregnancies of women with recurrent miscarriage and antiphospholipid antibodies."
Hum Reprod, 1995: 3301–3304.

[94] Rand JH, Wu XX, Guller S et al. "Reduction of annexin-V (placental anticoagulant
protein-I) on placental villi of women with antiphospholipid antibodies and recur‐
rent spontaneous abortion." Am J Obstet Gynecol, 1994: 1566–72.

[95] Rasmussen A, Ravn P. "High frequency of congenital thrombophilia in women with
pathological pregnancies?" Acta Obstet Gynecol Scand, 2004: 808 - 17.

[96] Regan, L. et al. "Influence of past reproductive performance on risk of spontaneous
abortion." BMJ 299 (1989): 541–545.

[97] Reistma PH, Rosendaal FR. "Past and future of genetic research in thrombosis." J
Thromb Haemost 5 (2007): 264-9.

[98] Ren A, Wang J. "Methylenehydrofolate reductase C677T polymorphism and the risk
of unexplained recurrent pregnancy loss: a meta-analysis." Fertility and Sterility 86
(2006): 1716-22.

[99] Reznikoff-Etievan MF, et al. "Factor V Leiden and G20210A prothrombin mutations
are risk factors for very early recurrent miscarriage." BJOG, 2001: 1251 - 1254.

[100] Robertson L, Wu O, Langhorne P, Twaddle S, Clark P, Lowe GD, Walker ID, Greaves
M, Brenkel I, Regan L, Greer IA. "Thrombosis: Risk and Economic Assessment of
Thrombophilia Screening (TREATS) Study.Thrombophilia in pregnancy: a systemat‐
ic review." Br J Haematol 132, no. 2 (Jan 2006): 171–96.

[101] Rodger MA, Betancourt MT, Clark P, et al. "The association of factor V Leiden and
prothrombin gene mutation and placenta-mediated pregnancy complications: a sys‐
tematic review and meta-analysis of prospective cohort studies." PLoS Med 7, no. 6
(2010): e1000292.

[102] Rodger, MA., Paidas, M. "Do thrombophilias cause placenta-mediated pregnancy
complications?" Semin Thromb Hemost, Sep 2007: 597-603.

[103] Roussev RG, Kaider BD, Price DE, Coulam CB. "Laboratory evaluation of women ex‐
periencing reproductive failure." Am J Reprod Immunol 35 (1996): 415–420.

[104] Said JM, Higgins JR, Moses EK, Walker SP, Monagle PT, Brennecke SP. "Inherited
thrombophilias and adverse pregnancy outcomes: a case-control study in an Austral‐
ian population." Acta Obstet Gynecol Scand, Feb 2012: 250-5.

[105] Said, JM., Higgins, JR., Moses, EK., Walker, SP., Borg, AJ., Monagle, PT., Brennecke,
SP. "Inherited thrombophilia polymorphisms and pregnancy outcomes in nullipar‐
ous women." Obstet Gynecol, Jan 2010: 5-13.

Pregnancy Thrombophilia - The Unsuspected Risk64

[106] Sammaritano LR, Gharavi AE, Soberano C, Levy RA, Lockshin MD. "Phospholipid
binding of antiphospholipid antibodies and placental anticoagulant protein." J Clin
Immunol, 1992: 27–35.

[107] Sanson BJ, Friederich PW, Simioni P, et al. "The risk of abortion and stillbirth in an‐
tithrombin-, protein C-, and protein S-deficient women." Thromb Haemost, 1996: 387
- 8.

[108] Schorer AE, Duane PG, Woods VL, Niewoehner DE. "Some antiphospholipid anti‐
bodies inhibit phospholipase A2 activity." J Lab Clin Med, 1992: 67–77.

[109] Scott CA, Bewley S, Rudd A, Spark P, Kurinczuk JJ, Brocklehurst P, Knight M. "Inci‐
dence, risk factors, management, and outcomes of stroke in pregnancy." Obstet Gy‐
necol 120, no. 2 Pt 1 (2012): 318-24.

[110] Sebire NJ, Fox H, Backos M, Rai R, Paterson C, Regan L. "Defective endovascular
trophoblast invasion in primary antiphos- pholipid antibody syndrome-associated
early pregnancy failure.." Hum Reprod, 2002: 1067–71.

[111] Shurtz-Swirski R, Inbar O, Blank M et al. "In vitro effect of anticardiolipin autoanti‐
bodies upon total and pulsatile placental hCG secretion during early pregnancy.."
Am J Reprod Immunol, 1993: 206–10.

[112] Stella CL, How HY, Sibai BM. "Thrombophilia and adverse maternal-perinatal out‐
come: controversies in screening and management." Am J Perinatol, Nov 2006:
499-506.

[113] Sthoeger ZM, Mozes E, Tartakovsky B. "Anti-cardiolipin antibodies induce pregnan‐
cy failure by impairing embryonic implantation.." Proc Natl Acad Sci USA, 1993:
6464–646.

[114] Stirling Y, Woolf L, North WR, Seghatchian MJ, Meade TW. "Haemostasis in normal
pregnancy." Thromb Haemost 52 (1984): 176 - 82

[115] Tormene D, Simioni P, Prandoni P, et al. "Factor V Leiden mutation and the risk of
venous thromboembolism in pregnant women." Haematologica 86 (2001): 1305 -
1309.

[116] Vaquero E, Lazzarin N, Caserta D, Valensise H, Baldi M, Moscarini M, Arduii D. "Di‐
agnostic evaluation of women experiencing repeated in vitro fertilization failure."
Eur J Gynecol Reprod Biol 10 (2005): 1253-5.

[117] Voetsch B, Damasceno BP, Camargo EC, Massaro A, Bacheschi LA, Scaff M, Annichi‐
no-Bizzacchi JM, Arruda VR. "nherited thrombophilia as a risk factor for the devel‐
opment of ischemic stroke in young adults. I." Thromb Haemost 83, no. 2 (2000):
229-33.

[118] Walker JH, Boustead CM, Koster JJ, Bewley M, Waller DA. "Annexin V, a calcium-
dependent phospholipid-binding protein.." Biochem Soc Trans, 1992: 828–33.

Main Types of Clinical Appearance of Thrombophilic States During Pregnancy – Target Groups…
http://dx.doi.org/10.5772/56819

65



[119] Weber R, Busch E. "[Thrombophilias in patients with ischemic stroke. Indication and
calculated costs for evidence-based diagnostics and treatment]." Nervenarzt 76, no. 2
(2005): 193-201.

[120] Yetman DL, Kutteh WH. "Antiphospholipid antibody panels and recurrent pregnan‐
cy loss: prevalence of anticardiolipin anti- bodies compared with other antiphospho‐
lipid antibodies." Fertil Steril, 1996: 540–546.

[121] Younis JS, Brenner B, Ohel G, Tal J, Lanir N, Ben-Ami M. Activated protein C resist‐
ance and factor V Leiden mutation can be associated with first- as well as second- tri‐
mester recurrent pregnancy loss. Am J Reprod Immunol, 2000: 31 - 5.

[122] Ziporen L, Shoenfeld Y. "Anti-phospholipid syndrome: from patient's bedside to ex‐
perimental animal models and back to the patient's bedside." Hematol Cell Ther, 40
1998: 175–182.

Pregnancy Thrombophilia - The Unsuspected Risk66

Chapter 4

Pharmacogenetics and the Treatment of Thrombophilia

Ivana Novaković, Nela Maksimović and Dragana Cvetković

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/56566

1. Introduction

Inherited forms of thrombophilia such as factor V Leiden mutation (FVL), prothrombin gene
mutation (PT 20210A), and deficiencies of natural anticoagulants protein C, protein S, and
antithrombin are well known. DNA tests for factor V Leiden and PT 20210A mutation have
been incorporated in clinical practice for several years [1,2,3]. A number of studies have
analyzed how this and other molecular genetic testing alter the clinical management and
treatment of patients with thromboembolic disease or pregnancy complications. Data regard‐
ing the influence of the genotype to the disease phenotype as well as pharmacogenetic data
are still controversial and emerging.

Several topics are of particular interest. Usually genetic tests follow standard investigation of
coagulation cascade, but some laboratories perform them in initially. Testing of first-degree
relatives of a diagnosed carrier of a thrombophilic trait is still not consecutive. Administration
of anticoagulant therapy is followed by genetic tests also; DNA variations are associated with
variations in drug efficacy and toxicity, particularly in cases of warfarin and clopidogrel.
Investigation of inherited thrombophilia and its treatment in women with reproductive
challenges, including in vitro fertilization (IVF), is another important question. Finally,
recommendation for genetic testing and treatment of thrombophilia in children, as vulnerable
group, should be clarified.

2. Thromophilia screening and treatment in asymptomatic adult carriers

Thrombophilia testing is one of the most common genetic tests ordered by clinicians [4].
Current guidelines recommend screening for inherited thrombophilia only in selected group
of patients with venous thromboembolism, dependently of the age of onset, the circumstances
of thrombosis, and the severity of the clinical manifestations [5,6].
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When the results of the index patients are positive asymptomatic relatives often come with
requests for thrombophilia testing. To date, there is variety of published guidelines. However,
the utility of family testing remains matter of debate and it should be done with caution. It is
a general knowledge that genetic testing is justified only if the results are likely to change
medical management. American College of Medical Genetics (ACMG) and Evaluation of
Genomic Applications in Practice and Prevention (EGAPP) working group published consen‐
sus statements on FVL and FII. According to ACMG it is not recommended to perform random
screening of general population or prenatal and routine newborn screening [7]. Based on the
current knowledge, identification of thrombophilic disorders in asymptomatic individuals
would not lead to long-term treatment with anticoagulants since the risk of bleeding is higher
than the risk of venous thromboembolism (VTE) [7]. The overall annual incidence of the first
VTE in individuals with antithrombin, protein C or protein S deficiency is ~1.5 %, whereas for
the factor V Leiden or prothrombin 20210A mutation heterozygote this risk is ~0.5% [8]. Annual
major bleeding risk associated with continuous anticoagulant treatment is around 2% and it
overweighs the risk of VTE [9]. The results of Middeldorp et al. on asymptomatic carriers of
FVL, are in agreement with the above and since there is no clear evidence of the benefit of
thrombophylaxis they do not recommend routine screening of families of symptomatic
patients [10]. Also, Coppens et al. do not recommend testing first degree relatives of probands
with the prothrombin 20210A mutation based on the results of a large prospective cohort study
in which the annual incidence of a first VTE in PT carriers was 0.37% [11]. For asymptomatic
family members who are homozygous for FVL mutation the risk increases to closely 2%.
According to EGAPP the risk is sufficient to consider anticoagulation therapy but there are
still no data about the outcomes [12].

The practice of family testing has been most useful for women from thrombophilic families
who intend to be pregnant. Affected female relatives with antithrombin, protein C and protein
S deficiency as well as FVL and 20210A mutation carriers have VTE incidence as high as 4%
per pregnancy while women homozygous for FVL have the risk of 16% per pregnancy in the
absence of prophylaxis [13]. In these cases anticoagulant therapy, usually low molecular
heparin injections, is frequently applied.

Genetic testing is also very useful for women from thrombophilic families who wish to use
oral contraceptives. Use of oral contraceptives increases the risk of VTE for women with
antithrombin, protein C or protein S protein deficiency or FVL and 20210A mutation. However,
it is important to know that women from thrombophilic families are at the increased risk
(compared with the general population) even if they do not have these specific deficiencies or
mutations, due to the other cosegregating thrombophilic defects [8]. Thus, a negative throm‐
bophilia test may give them false reassurance.

Family testing may also help reduce VTE risk for women who tested positive through
avoidance of postmenopausal hormone therapy. Advantages of testing are even higher for
women considering postmenopausal hormone therapy than oral contraceptives, due to the
much higher absolute risk of VTE in middle-aged than in younger women [13].
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3. Antithrombotic therapy and the promise of pharmacogenetics

The expansion of pharmacogenetics, the study of genetic variants relevant to variations in drug
efficacy and toxicity, and pharmacogenomics, referred to as a whole-genome application of
pharmacogenetics, allowed rapid progress towards the goal of personalized therapy, tailored
for individual patients [14-17].

The research in this field provides large amounts of individual-specific information concerning
risk for adverse reactions or lack of drug efficacy, thus it could have significant influence on
clinical practice. The question of how to use the pharmacogenetic information to improve
health outcomes gains continuously increasing attention [18-20]. Specifically, it has been
shown that pharmacogenetic information has the potential to improve the efficacy and safety
of major antithrombotic drugs (e.g. [21]).

3.1. Warfarin: A case in point

One of the most compelling examples of potential benefits from pharmacogenomic testing is
warfarin [22]. Warfarin is a widely prescribed oral anticoagulant; for decades it has been used
as standard drug to prevent and treat thrombotic events in patients with deep vein thrombosis,
various hypercoagulable states, atrial fibrillation, surgical cardiac valve replacement, etc.

One of the major problems with its use in clinical practice is large interindividual variation –
patients differ in sensitivity to warfarin, hence the dose requirements vary widely (up to 20-
fold) [19,23]. The consequences of over- or under-anticoagulation can be serious. In patients
less sensitive than typical, the standard doses may be too low to achieve anticoagulation and
therapeutic failure may occur, while in highly sensitive individuals the same doses may lead
to serious adverse effects, such as hemorrhage.

Numerous factors are known to impact dose variation, including age, dietary vitamin K intake,
presence of other comorbidities and interactions with other drugs, as well as genetic variants.
The identification of these variants, and the potential use of pharmacogenetic testing to predict
the appropriate drug dosing have attracted much research interest [23-28].

Prior work pointed to significant genetic component underlying variations in warfarin
sensitivity. Pharmacogenetic studies identified polymorphisms in genes CYP2C9 and VKORC1
as principal genetic determinants of warfarin dose [23,24,29].

CYP2C9 gene encodes one of the major cytochrome P450 drug-metabolizing enzymes; it is
involved in metabolic clearance of S-warfarin, the more potent isomer of warfarin, which is
largely responsible for its therapeutic effects. Two common alleles are described, CYP2C9*2
and CYP2C9*3, based on non-synonymous SNPs that result in Arg144Cys (*2) and Ile358Leu
(*3) substitutions; both variants are associated with reduced metabolic clearance of S-warfarin,
thus lowering dose requirements [24]. Carriers of these variants show high sensitivity to drug
and increased risk for hemorrhagic complications compared to individuals homozygous for
allele *1. It is estimated that SNPs in CYP2C9 gene account for approximately 12% of the total
variance in required warfarin dose [23] (range 6–18%, [18]).
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Larger proportion of the dose variance, up to 30%, is explained by SNPs in the gene VKORC1
[25,29]. VKORC1 encodes vitamin K epoxide reductase complex, the target enzyme inhibited
by warfarin; this enzyme is necessary for the recycling of vitamin K and consequently for
activation of several clotting factors. Currently, several VKORC1 SNPs are described (the major
one being VKORC1 -1639G>A, a common polymorphism of the promoter sequence) that define
two common haplotypes, A and B. Haplotype A is associated with higher warfarin sensitivity,
and hence lower mean drug doses required, contrary to B haplotype [29].

With respect to frequencies of these variants, genetic differences between populations are also
a matter of great interest. The common CYP2C9 alleles *2 and *3, associated with high warfarin
sensitivity, are present in approximately 30% of people of European descent (range 13-35%),
but are less frequent in those of Asian (1-12%) and African descent (0-12%) [21,25,30]. VKORC1
B haplotype, associated with low warfarin sensitivity, is more common in European and
African populations, while ‘high sensitivity’ A haplotype predominates in Asian populations.
The frequency of A is reported as 75–92% in Asians, compared to approximately 40% in
Europeans or 9–12% in people of African descent [21].

To predict response to treatment, considering polymorphisms in both genes simultaneous‐
ly is of great importance. Carriers of variants associated with ‘high sensitivity’ at both loci
are at much higher risk of over-anticoagulation [31]. On the other hand, individuals who
are CYP2C9*1*1-VKORC1BB show less warfarin sensitivity and require higher drug dose
for therapeutic anticoagulation [25]. The associated variants in both genes are thought to
account  for  approximately  45%  of  response  variance  in  European  and  30%  in  African
populations [21].

The frequency of VKORC1 and CYP2C9 alleles was also investigated in Serbian population,
among patients under oral anticoagulant therapy [32,33]. In a group of patients with extremely
unstable anticoagulant response, 89.7% were carriers of ‘sensitivity’ alleles, and 25% carried
these variants at both CYP2C9 and VKORC1 loci [33].

A recent genome wide association study (GWAS) by Takeuchi et al. confirmed polymorphisms
in genes VKORC1 and CYP2C9 as principal genetic determinants of warfarin dose and also
found weaker, but still significant effect of polymorphism in another CYP gene, CYP4F2 [23].
The effect of CYP4F2 rs2108622 was confirmed by other authors (e.g. [26,34]).

The results concerning possible contribution of other candidate genes are still inconsistent. The
investigation of other SNPs and CNVs (copy number variations) did not reveal new significant
warfarin associations [23], however, limited positive data was obtained for polymorphisms in
additional candidate genes such as POR (encoding cytochrome P450 oxidoreductase) or CALU
(encoding calumenin) (review in [27]).

The additional polymorphisms in these or other genes relevant to blood coagulation may be
worth further investigation, especially in non-European populations that were less studied
pharmacogenetically [27,28].
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4. Clinical application of pharmacogenetic testing — Promises and
problems

What are the promises and problems of the genotype-guided antithrombotic therapy?
Pharmacogenetic testing has the potential to improve the efficacy and safety of warfarin and
other antithrombotic drugs [21].

Recognizing the significance of the genetic information, US FDA added it to warfarin label in
2007 and suggested that clinicians considered genetic testing before initiating therapy. Genetic
tests for CYP2C9 and VKORC1 ‘sensitivity’ variants are available for clinical use, and so are
dosing algorithms that combine genetic and clinical data [35,36]. Including CYP4F2 rs2108622
in testing procedures and algorithms is also suggested [27].

However, the question of routine adoption of pharmacogenetic testing for warfarin sensitivity
into clinical practice has led to vigorous debates. Numerous problems and challenges arise,
from cost-effectiveness analyses, possibility of development of alternative drugs [27], com‐
plexity, quality and time demands, the need for additional education and training, to ethical
and regulatory issues [19,21,36].

The major issue for clinical application of pharmacogenetic testing is that this approach must
provide significant benefit to patients compared to nongenetic approach only. Cost-effective‐
ness emerges as another important question in modern health care; currently, discussions are
focused on the cost of genetic testing vs. potential savings by reducing severe health compli‐
cations [18,19,31,37]. Also, the aim is to identify specific groups of patients who will benefit
most from the pharmacogenetic testing [20], and to obtain diversity of warfarin dosing
algorithms that should reflect genetic diversity of populations [28].

A multicenter study, published in 2009 by the International Warfarin Pharmacogenetics
Consortium, demonstrated that algorithms for warfarin dosing that incorporate pharmaco‐
genomic information were better than those using clinical data alone [35]. The greatest benefits
were observed in patients with extreme (very low or very high) dose requirements. A recent
Medco-Mayo Warfarin Effectiveness study demonstrated that application of warfarin geno‐
typing significantly reduced the incidence of hospitalizations due to bleeding and throm‐
boembolism [37]. Eckman and colleagues analyzed cost-effectiveness of using
pharmacogenetic approach for patients with atrial fibrillation and concluded that genotype-
guided warfarin therapy might be cost effective in a high-risk group [31].

However, general consensus regarding these questions is lacking. The results of the ongoing
studies and trials, conducted on large scales and diverse populations, are expected to clarify
these issues [21].

With the current pace of pharmacogenetic discoveries, integrating the growing amount of
individual-specific data into clinical practice to improve health outcome will remain the
challenging task.
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5. Genetics and treatment of reproductive adversity in thrombophilia

Clinical manifestations and morbidity associated with thrombophilia in pregnancy include
pregnancy loss, as well as other adverse outcomes eg. preeclampsia, placental abruption, and
intrauterine growth restriction. Pregnancy-related thromboembolism is also part of thrombo‐
philia spectrum making the influence of thrombophilia in pregnancy is an important and
interesting research topic.

The effect of preventive anticoagulant therapy during the pregnancy in women with inherited
thrombophila is still controversial. Early investigations were characterized by small partici‐
pant numbers, poor study design and heterogeneity. The debate on the efficacy of aspirin and
heparin has advanced with recently published randomised-controlled trials. One large Italian
study encompassed 1011 pregnancies of 416 women who were carriers of factor V Leiden (FVL)
mutation and/or prothrombin gene variant G20210A (PTG) [38]. The outcome was evaluated
according to the type of treatment (low molecular weight heparin and/or aspirin) and the
period of pregnancy when the treatment started. The results showed that low molecular weight
heparin (LMWH) had a protective effect on miscarriages (odds ratio, OR 0.52) and venous
thromboembolism (OR 0.05) while aspirin administration showed no advantage on the
prevention of obstetric complications and venous thromboembolism (OR 2.2 and 0.48,
respectively). These results suggest that LMWH prophylaxis reduces the risk of obstetric
complications in carriers of FVL and/or PTG, particularly in those with previous obstetric
events. Mitic et al. also reported significant improvement of pregnancy outcome after imple‐
mentation of thromboprophylaxis in Serbian patients with inherited thrombophilia and
previous pregnancy losses [39].

One Bulgarian group reported their first experience with management of inherited thrombo‐
philia during pregnancy [40]. After the testing for factor V Leiden, prothrombin G20210A,
plasminogen activator inhibitor-1 (PAI-1) 4G/4G and PAI-1 4G/5G they established a diagnosis
of inherited thrombophilia in 72% (24 out of 38) patients with history of an abnormal pregnancy
(miscarriage, still birth, placental abruption, preeclampsia and intrauterine fetal growth
restriction). All diagnosed patients were treated with aspirin (75mg) prior to conception and
low molecular heparin after detection of fetal heart sounds. Anticoagulant treatment of these
patients was deemed successful with 87.5% (21 out of 24) giving birth to a term newborn.

However, several investigators have reported confounding experiences [41-43]. In a recently
published review, de Jong et al suggest that the association between inherited thrombophilia
and recurrent miscarriage is not very strong, and the evidence does not indicate that the use
of anticoagulants improves the chance of live birth in these women [41]. The authors conclude
that by the current state of evidence, testing for inherited thrombophilia should not lead to
altered clinical management and so, should not be performed routinely in women with
recurrent miscarriage. In light of the available data, a well-designed, multi-center collaboration
is required to ascertain the effect of inherited thrombophilia on early pregnancy loss and to
establish evidence-based treatment recommendations [44].

It may be possible that in women with recurrent pregnancy loss multiple thrombophilic gene
mutations rather than specific single gene changes play a role. In one study, 10 gene mutations
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were analyzed: factor V Leiden, factor V H1299R (R2), factor V Y1702C, prothrombin gene
G20210A, factor XIII V34L, beta-fibrinogen -455G>A, PAI-1 4G/5G, human platelet alloantigen
a/b (L33P), methylenetetrahydrofolate reductase C677T and A1298C [45]. There were no
differences in the frequency of specific mutations in women with recurrent miscarriage
compared to healthy control. However, the prevalence of homozygous mutations and total
gene mutations was significantly higher in patients compared to controls. Homozygous
mutations were found in 59% of women with a history of recurrent pregnancy loss vs. 10% of
control women. More than three gene mutations were observed in 68% of women with
recurrent miscarriage compared to 21% of controls. It would be of especial interest to explore
how number of detected mutations influences effects of prophylactic therapy and further
reproductive outcome.

The possible connection between inherited thrombophilia and outcomes of in vitro fertili‐
zation (IVF) is another challenging topic. A number of investigations suggest no associa‐
tion of thrombophilic mutations and IVF pregnancy failure [46,47]. Rudick et al. found a
very low prevalence of  FVL mutation in women in their  IVF program (1.6%),  and sug‐
gested  a  positive  association  between  this  genetic  marker  and  pregnancy  [47].  The  au‐
thors  suggested that  routine testing in a  general  IVF population for  FVL mutation as  a
cause of IVF failure and infertility is not indicated. Ricci et al. compared the prevalence of
FVL and PTG mutation in women undergoing IVF to women with spontaneous pregnan‐
cy,  as  well  as  IVF outcomes  and the  risk  of  complications  in  FVL and PTG carriers  to
non-carriers  [48].  In  this  prospective  cohort  study  they  found  the  same  prevalence  of
thrombophilic mutations in women requiring IVF and in women with spontaneous preg‐
nancy. The results of this study also suggested the presence of FVL and PTG in asympto‐
matic  women  and  in  the  absence  of  other  risk  factors  did  not  influence  IVF  outcome,
represent  a  risk  for  ovarian  hyperstimulation  syndrome,  or  favor  thrombosis  after  IVF.
According to these authors, screening for FVL and PTG does not appear to be justified to
identify the patients at the risk for IVF failure or associated complications.

However, some studies have shown positive effects of LMWH treatment for women with
thrombophilia and recurrent IVF- embrio transfer failures [49,50]. In one prospective random‐
ized placebo-controlled trial Qublan et al. observed that implantation rate, pregnancy and live
birth rates are significantly increased with LMWH compared to placebo [49]. At this moment,
diagnostic tools to identify patients at risk of implantation failure are still limited and thera‐
peutic options to improve implantation rates are far from being established. In addition to
genetic markers of thrombophilia and thromboprophylaxis, different immunological mecha‐
nisms and consecutive immunomodulatory treatments are the subjects of intensive investiga‐
tions [51].

6. Thrombophilia screening in asymptomatic children

Parents with known specific thrombophilic defect frequently ask whether or not their
child(ren) should also be screened for thrombophilia. Many of them are concerned about their
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children’s health, mostly the risk of having VTE or reproductive issues, especially if the mother
was diagnosed during pregnancy or after several pregnancy losses. Genetic testing is partic‐
ularly controversial in children since their decision-making capability is non-existent or is
limited [52].

The recommendation of  The American Academy of  Pediatrics  (AAP) and the ACMG is
that  predictive  genetic  testing  for  late-onset  disorders  should  not  be  performed  unless
there is a specific intervention during childhood that will  reduce morbidity or mortality
[53,54].  Also,  the AAP does not support the broad use of carrier testing or screening in
children or adolescents.  As for  any genetic  testing,  a  medical  benefit  should be the pri‐
mary justification for testing in children and adolescents. It is very important for parents
to understand the limitations of testing before they sign informed consent for their chil‐
dren. The results of thrombophilia testing rarely influence medical management decisions
and at the moment there is no evidence that thrombophilia testing could benefit a young
healthy child.  The incidence of  venous thrombosis  in  healthy children is  extremely low
(0.07/100000),  and the long-term use of anticoagulants in an asymptomatic healthy child
would be unjustified [55].

Tormene et al. performed a prospective cohort study of children aged 1-14 years from families
with a single identified inherited thrombophilia. The children were tested for FVL, prothrom‐
bin G20210A mutations and antithrombin, protein C and protein S deficiency and followed
for the evidence of thrombosis 1-8 years (mean 5 years). No children with or without throm‐
bophilia developed VTE during the study period [56]. Thrombophilia testing could show more
benefit for children with the acute or chronic medical conditions. The overwhelming majority
of pediatric TEs are associated with central venous lines (CVLs) [52].

Other acquired risk factors depend on the age of the child.  Within the entire childhood
population neonates are at  the greatest risk of thromboembolism (5.1/100 000 live births
per year in white children) [57]. Neonatal risk factors include birth asphyxia, respiratory
distress  syndrome,  maternal  diabetes,  infections,  necrotizing  enterocolitis,  dehydration,
congenital nephrotic syndrome and polycythemia [57]. Children of any age may have an‐
tiphospholipid or anticardiolipin antibodies which are associated with thrombophilia [52].
Meta-analysis  of  Young  et  al.  on  impact  of  inherited  thrombophilia  on  venous  throm‐
boembolism in children showed significant association with recurrent VTE for all inherit‐
ed thrombophilia  traits  except  the  factor  V  variant  and elevated  lipoprotein  (a)  [58].  A
second peak of incidence of thrombosis is during adolescence [59]. Adolescents may have
the same risk factors as the adults including smoking, pregnancy, obesity, and oral con‐
traceptives which increase the risk of thrombosis [52]. Adolescents identified with an in‐
herited  thrombophilia  may  benefit  from  avoiding  high-risk  situations  (prolonged
immobility,  dehydration),  pursuing  healthy  lifestyles  (regular  exercise  and  weight  con‐
trol), and recognizing early signs and symptoms of VTE [60].

There are some situations in which the presence of an inherited defect may influence medical
decision making. The first is in an adolescent female who is interested in using oral contra‐
ceptive pills (OCPs). Knowledge of a congenital thrombophilia provide the opportunity to
consider lower-risk alternatives for contraception, such as progesterone-only preparations. In
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limited cases, the presence of inherited thrombophilia might lead to targeted thrombophylaxis
in high risk situations, e.g., after a femur fracture in an obese teenager, though there are few
data to document the efficacy of this approach [60].

7. Genetic counseling

It is of major importance to provide genetic counseling to patients as well as to their asymp‐
tomatic family members who are interested in thrombophilia testing, including pharmacoge‐
netic tests. Based on detailed information about a family history, personal history and the
reasons for testing genetic counselor should provide education and support for the family
members. During the pre-test genetic counseling patient or family member should understand
that the testing is optional and that it will be performed only after signed informed consent. It
must be clarified that this is a testing for susceptibility gene and not for the disease state and
that an individual’s thrombotic risk is determined by a complex interplay of genetic, acquired
and circumstantial risk factors [1]. It must be clear to the family member that if thrombophilia
mutation is inherited the risk of VTE is higher than it is in the general population but although
the inheritance pattern is dominant the penetrance of the mutation is not 100%. In order to
achieve a better understanding of potential risk when counseling a family member regarding
the risk of thrombosis it is most useful to provide the absolute risk (e.g., incidence) of throm‐
bosis among persons with particular thrombophilia [61]. Pre-test genetic counseling should
include discussion not only about the risks but also about the benefits and limitations of testing
for the patient and for the entire family. Asymptomatic family member should understand
that testing for thrombophilia may have lower benefit to risk ratio as compared to symptomatic
relative [62]. Post-test counseling is equally as important for family members who tested
positive and negative. In case when the result is negative family members should understand
that currently available tests might not identify all inherited risk factors for thrombosis [52].
In the other case discussion should include signs and symptoms of thrombosis, risk factors to
avoid and the risks and benefits of prophylactic therapy [63]. Clinical geneticist should also
be aware of psychological response of the tested individual. Results of the study of Louzada
et al. do not support the concern that asymptomatic relatives are at risk of psychological
distress as a consequence of thrombophilia screening [64]. However it is general conclusion
that characteristics of the genetic predisposition, including the likelihood of developing the
disease, perceived severity and availability of treatments for the condition are likely contrib‐
utors to the psychological response [64]. It means that adequate genetic counseling is of key
importance for education of family members, in order to increase their awareness of risk factors
and effective interventions to prevent VTE.

As a conclusion, genetic tests are part of modern management and treatment of thrombophilia,
but several medical and ethical dilemmas are still open. Healthcare professionals should apply
evidence-based guidelines regarding indications for genetic and pharmacogenetic testing, as
well as principles of genetic counseling in thrombophilia. In the upcoming era of personalized
genomic medicine, genetic tests day after day become more available, but their real power and
relevance is fully expressed in the context of clinical data.
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1. Introduction

The most investigated thrombophilia related to obstetrical complications is the antiphospho‐
lipid antibodies syndrome (APS), also known as Hughes’ syndrome. APS is characterized by
recurrent thrombosis (arterial or venous, or both) and/or morbidity during pregnancy (losses
during early and late pregnancy and pre-eclampsia) associated with moderate to high plasma
levels of antiphospholipid (aPL) antibodies (anticardiolipin antibodies, antibodies to β2
glycoprotein I [β2GPI] or lupus anticoagulants) [1-2].

According to the last International consensus statement for APS diagnostic criteria, in order
to make diagnosis of the syndrome, the combination of at least one clinical and one laboratory
criterion is required [2] (Table 1).

Since aPL antibodies have thrombogenic properties, intraplacental thrombosis with maternal–
fetal blood exchange impairment was traditionally suggested to be the main pathogenic
mechanism responsible of fetal loss in patients with APS, providing the rationale for the use
of aspirin or heparin to prevent adverse pregnancy outcomes in APS [3-5].

Although the management of aPL antibodies-positive pregnant patients is controversial due to
the limited well-designed controlled trials, the current recommendation is to use low-dose
aspirin and prophylactic or therapeutic doses of heparin for patients fulfilling the updated
Sapporo APS classification criteria [2] and no treatment for asymptomatic (no history of
pregnancy complications and/or thrombosis) persistently aPL antibodies-positive patients [6].
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In the last years, progress has been made in characterizing the molecular basis of aPL anti‐
bodies pathogenicity, which includes direct effects on platelets, endothelial cells and mono‐
cytes as well as activation of complement. Furthermore, it has been widely shown that
pregnancy loss cannot be attributed exclusively to placental thrombosis and that other
pathogenic mechanisms like functional trophoblast impairment, angiogenesis inhibition or
complement-mediated placental injury may occur (see more below). Based on these findings,
novel therapeutic targets are currently being explored for APS in order to address the unmet
needs of better, safer and ideally targeted therapy.

This chapter points to resume the known mechanisms of aPL antibodies-mediated pregnancy
impairment, the proven therapies and the new therapeutic perspectives to ameliorate obstetric
outcomes of pregnant women with APS.

2. Adverse pregnancy outcomes associated to APS

Beyond thromboses, obstetric complications are the other main features of APS. Such associ‐
ation is supported by several epidemiological studies and experimental models showing that
passive transfer of aPL IgG induces fetal losses and growth retardation in pregnant naive mice,
giving the proof that aPL antibodies are involved in determining the clinical manifestations of
the syndrome [7-9]. The most common adverse pregnancy outcome associated to APS is

Clinical criteria Laboratory criteria

Vascular thrombosis

• One or more clinical episodes of arterial, venous, or small vessel thrombosis,

in any tissue or organ.

• Thrombosis should be supported by objective validated criteria—ie,

unequivocal findings of appropriate imaging studies or histopathology. For

histopathological support, thrombosis should be present without substantial

evidence of inflammation in the vessel wall.

Pregnancy morbidity, defined by one of the following criteria:

• One or more unexplained deaths of a morphologically healthy foetus at or

beyond the 10th week of gestation, with healthy foetal morphology

documented by ultrasound or by direct examination of the fetus.

• One or more premature births of a morphologically healthy newborn baby

before the 34th week of gestation because of: eclampsia or severe

preeclampsia defined according to standard definitions or recognized features

of placental failure.

• Three or more unexplained consecutive spontaneous abortions before the

10th week of gestation, with maternal anatomical or hormonal abnormalities

and paternal and maternal chromosomal causes excluded. In studies of

populations of patients who have more than one type of pregnancy morbidity,

investigators are strongly encouraged to stratify groups of patients according

to one of the three criteria.

• Lupus anticoagulant present in plasma, on

two or more occasions at least 12 weeks

apart, detected according to the guidelines

of the International Society on Thrombosis

and Hemostasis (Scientific Subcommittee on

lupus anticoagulant/ phospholipid-

dependent antibodies).

• Anticardiolipin antibody of IgG or IgM

isotype, or both, in serum or plasma, present

in medium or high titres (ie, "/>40 GPL or

MPL, or greater than the 99th percentile) on

two or more occasions, at least 12 weeks

apart, measured by a standardized ELISA.

• Anti-β2-gycoprotein 1 antibody of IgG or

IgM isotype, or both, in serum or plasma (in

titres greater than the 99th percentile),

present on two or more occasions, at least

12 weeks apart, measured by a standardized

ELISA, according to recommended

procedures.

Table 1. Revised diagnostic criteria of APS [2].
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recurrent miscarriage, defined as the occurrence of three or more unexplained consecutive
miscarriages before the 10th week of gestation. Other obstetric features of APS are unexplained
fetal deaths, occurring at or beyond the 10th week of gestation, and premature births of a
morphologically healthy newborn baby before the 34th week of gestation because of eclampsia
or severe preeclampsia [10].

Recurrent miscarriage occurs in about 1% of the general population attempting to have children
[11] and about 10–15% of women with recurrent miscarriage are diagnosed with APS [12,13].
Fetal death in the second or third trimesters of pregnancy occurs in up to 5% of unselected
pregnancies [14] but it is less likely as pregnancy advances [15]. Although fetal death occurs
significantly most often in APS [16], the overall contribution of this syndrome to its pathogene‐
sis is unknown, because of the effect of other possible contributing factors such as underlying
hypertension or pre-existing comorbidities, like systemic lupus erythematosus (SLE) or renal
diseases. Furthermore, it has been observed that pregnant women with diagnosis of APS are at
increased risk for developing preeclampsia or placental insufficiency.

Even  if  it  is  still  unknown  the  precise  relationship  between  aPL  antibodies  and  the
occurrence of obstetric complications, aPL antibodies seem to be detectable in 11–29% of
women with preeclampsia, compared with 7% or less in controls and in 25% of women
delivering  growth  restricted  fetuses  [17].  Furthermore,  results  from  prospective  cohort
studies indicate that among pregnant women with high concentrations of aPL antibodies,
10–50% develop preeclampsia, and more than 10% of these women deliver infants who are
small for gestational age [17].

A significant correlation between aPL positivity and increased risk of fetal  loss has also
been  established.  In  particular,  the  strongest  association  has  been  observed  with  ACA
positivity, followed by annexin V, lupus anticoagulant and anti-β2GPI. In addition, lupus
anticoagulant seems to be significantly associated with early pregnancy loss compared to
late pregnancy loss [18]

3. Pathogenetic mechanisms mediated by aPL antibodies and related
therapeutic approaches

3.1. Vascular and placental thrombosis

The molecular mechanisms underlying thrombosis and fetal death in APS have long been
investigated. The main target antigens reported in patients with APS include β2GPI/cardioli‐
pin, prothrombin and annexin V [19]. Other putative antigens are thrombin, protein C, protein
S, thrombomodulin, tissue plasminogen activator, kininogens (high or low molecular),
prekallikrein, factor VII/VIIa, factor XI, factor XII, complement component C4, heparan sulfate
proteoglycan, heparin, oxidised low-density lipoproteins [19,20]. The main autoantigens are
attracted to negatively charged phospholipids exposed on the outer side of cell membranes in
great amounts only under special circumstances such as damage or apoptosis (e.g. endothelial
cell) or after activation (e.g. platelets) [19].
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sis is unknown, because of the effect of other possible contributing factors such as underlying
hypertension or pre-existing comorbidities, like systemic lupus erythematosus (SLE) or renal
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occurrence of obstetric complications, aPL antibodies seem to be detectable in 11–29% of
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positivity, followed by annexin V, lupus anticoagulant and anti-β2GPI. In addition, lupus
anticoagulant seems to be significantly associated with early pregnancy loss compared to
late pregnancy loss [18]

3. Pathogenetic mechanisms mediated by aPL antibodies and related
therapeutic approaches
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The molecular mechanisms underlying thrombosis and fetal death in APS have long been
investigated. The main target antigens reported in patients with APS include β2GPI/cardioli‐
pin, prothrombin and annexin V [19]. Other putative antigens are thrombin, protein C, protein
S, thrombomodulin, tissue plasminogen activator, kininogens (high or low molecular),
prekallikrein, factor VII/VIIa, factor XI, factor XII, complement component C4, heparan sulfate
proteoglycan, heparin, oxidised low-density lipoproteins [19,20]. The main autoantigens are
attracted to negatively charged phospholipids exposed on the outer side of cell membranes in
great amounts only under special circumstances such as damage or apoptosis (e.g. endothelial
cell) or after activation (e.g. platelets) [19].
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Endothelial cells, activated by aPL antibodies with anti-β2GPI activity, express adhesion
molecules such as intercellular cell adhesion molecule-1, vascular cell adhesion molecule-1, E-
selectin, and both endothelial cells and monocytes upregulate the production of tissue factor
(TF) [21]. All at once, activated platelets increase expression of glycoprotein IIb-IIIa and
synthesis of thromboxane A2, determining a procoagulant state [21-25].

Additional mechanisms promoting clot formation could be represented by interaction of aPL
antibodies with proteins implicated in clotting regulation, such as annexin A5, prothrombin,
factor X, protein C and plasmin [20,21,26].

Recent results from studies in mice highlight the role of inflammation in the pathogenesis of
APS, showing a central role for complement activation in determining thrombosis and fetal
loss induced by aPL antibodies [27,28]. Because many individuals with high aPL antibodies
titers remain asymptomatic, a “second hit” hypothesis has been proposed. It is likely that in
the aPL antibodies-induced vascular procoagulant state, activation of the complement cascade
might close the loop and provoke thrombosis, often in the presence of a second hit, like tobacco,
inflammation, or oestrogens [26,29,30].

Starting from the observation of the intravascular aPL antibodies-mediate clot formation,
initially, intraplacental thrombosis was considered the main pathogenic mechanism media‐
ting fetal loss in APS. This hypothesis of placental damage was supported by the finding of
thrombosis and infarction in placentas from women with APS and by the demonstration of aPL
antibodies capability to induce a procoagulant state in vitro through several mechanisms,
including their ability (specifically, anti-β2GPI antibodies) to disrupt the anticoagulant annexin
A5 shield on trophoblast and endothelial cell monolayers [20,31,32]. Supporting the in vitro
findings, a significantly lower distribution of annexin A5 covering the intervillous surfaces was
found in the placentas of aPL antibodies-positive women in comparison with normal controls
[33]. These observations supported the introduction of heparin in the prevention of fetal loss in
APS, preferred to oral anticoagulant therapies for its safer profile for the fetus. Indeed, it was
demonstrated that heparin, at concentrations that are reached therapeutically in vivo, greatly
enhanced the plasmin-mediated cleavage of β2-GPI. Considering that the cleaved forms of β2-
GPI cannot bind to PL and may be cleared more rapidly from the circulation than native β2-
GPI [34], interaction with heparin should greatly reduce the prothrombotic effects of anti-β2-
GPI antibodies. Yet, some clinical trials confirmed heparin therapy effectiveness in improving
pregnancy outcomes in APS patients [35].

Nevertheless, since recurrence of thrombotic events occurs despite the therapy and thrombosis
cannot account for all of the histopathologic findings in placentae from women with APS, other
mechanisms of reproductive impairment were supposed to be involved [36,37].

3.2. Defective placentation

3.2.1. Trophoblast invasiveness impairment

New aPL antibodies-mediated pathogenic mechanisms have been proposed during the last
fifteen years: anti-β2GPI antibodies seem to bind directly the maternal decidua and the
invading trophoblast, determining defective placentation.

Pregnancy Thrombophilia - The Unsuspected Risk86

On the fetal side, β2GPI has been shown to be expressed on trophoblast cell membranes,
explaining the placental tropism of anti-β2GPI antibodies. Being a cationic plasma protein,
β2GPI has been suggested to bind to exposed phosphatidylserine on the external cell mem‐
branes of trophoblasts undergoing syncitium formation [38].

β2GPI-dependent antibodies can adhere to human trophoblast cells in vitro [39], consistently
with the hypothesis that the visibility of anionic PLs on the external cell surface during
intertrophoblastic fusion might offer a useful substrate for the cation PL-binding site [40,41].
The binding to anionic structures induces the expression of new cryptic epitopes and/or
increases the antigenic density, two events that are apparently pivotal for the antibody binding
[42]. In vitro studies with both murine and human monoclonal antibodies, as well as with
polyclonal IgG antibodies from APS patients, have clearly demonstrated a binding to troph‐
oblast monolayers [39,43]. Interestingly, antibodies obtained from patients with APS, once
bound, can affect the trophoblast functions in vitro, inducing cell injury and apoptosis,
inhibition of proliferation and formation of syncitia, decreased production of human chorionic
gonadotrophin, defective secretion of growth factors and impaired invasiveness [39]. β2GPI-
dependent aPL antibodies seem, therefore, to represent the main pathogenic autoantibodies
in obstetrical APS.

The most important mechanism by which heparin acts protecting placenta in APS seems to be
its ability to prevent the binding of aPL antibodies to trophoblast cells. Indeed, using an
expression/site-directed mutagenesis approach, Guerin demonstrated that the primary
heparin-binding site of β2-GPI is the positively charged site located within the fifth domain of
the protein, which also binds to PL [44]. Furthermore, we demonstrated that heparin reduces
the aPL antibody binding to trophoblast cells in vitro and that it is able to restore placental
invasiveness and differentiation [45,46].

Recent findings have underlined a further mechanism by which aPL antibodies binding to
human trophoblast could affect its functions: the aPL antibodies-mediated reduction of
placental Heparin-Binding Epidermal Growth Factor–like growth factor (HB-EGF) expression.
HB-EGF is a member of the EGF family [47,48]. It has been shown to induce an invasive
trophoblast phenotype in human and mouse blastocysts [49,50] and to initiate the molecular
and cellular changes characteristic of decidualization in mice [51]. HB-EGF is expressed in the
human placenta during the first trimester, primarily within the villous trophoblast, but also
in the extravillous cytotrophoblast, predominantly at the sites of cytotrophoblast extravillous
invasion [52]. Women with preeclampsia and infants small for gestational age display
decreased placental expression of HB-EGF [53], strongly suggesting an association between
HB-EGF down-regulation, poor trophoblast invasion, and failed physiologic transformation
of the spiral arteries occurring in these disorders.

Interestingly, also in placental tissues obtained from women with APS, we found reduced
expression of HB-EGF [54]. Furthermore, we showed that polyclonal and monoclonal aPL
antibodies bind trophoblast monolayers in vitro significantly reducing the synthesis and the
secretion of HB-EGF [55]. The ability of exogenous recombinant HB-EGF to reduce the aPL
antibodies mediated effects on trophoblast cells supports the hypothesis of a key pathogenic
role of this molecule in mediating APS-related adverse pregnancy outcomes.
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We also observed that the addition of heparin inhibited aPL antibodies binding and restored
HB-EGF expression in a dose-dependent manner [54]. These findings suggest that the reduc‐
tion of aPL antibodies-mediated HB-EGF represents an additional mechanism that is respon‐
sible for the defective placentation associated with APS and provide one more proof that
heparin works in protecting pregnancy from aPL antibodies-induced damage by inhibiting
antibody binding to trophoblast cells.

3.2.2. Endometrial angiogenesis inhibition

On the maternal side, endometrial endothelial angiogenesis inhibition has been suggested to
be a further aPL antibodies-mediated mechanism of placental damage. Indeed, aPL antibodies
have been observed to selectively bind in vitro to endothelial cells isolated from human
endometrium (HEEC) and to inhibit endothelial cell differentiation into capillary-like tubular
structures, by reducing matrix metalloproteinase-2 (MMP-2) activity and vascular endothelial
growth factor (VEGF) secretion, via a suppression of intracellular NFKB DNA binding activity
[55]. Such an aPL antibodies-mediated inhibition of angiogenesis has also been confirmed in
vivo in a murine model, showing a reduced angiogenesis in subcutaneous implanted angior‐
eactors in aPL antibodies-inoculated mice [55]. Since it is well known that endometrial
angiogenesis and decidualization are fundamental prerequisites for successful implantation
and placental development, aPL antibodies-inhibition of this central process provides an
important additional mechanism able to explain the association between APS and pregnancy
complications associated to placental failure, like miscarriage, fetal growth restriction and
preeclampsia.

Recently, we investigated whether two low molecular weight heparins (LMWHs), tinzaparin
and enoxaparin, have an effect on the aPL antibodies-inhibited endometrial angiogenesis. We
demonstrated that the addition of the two LMWHs prevents aPL antibodies-mediated
inhibition of HEEC angiogenesis, both in vitro and in vivo in a murine model, and that LMWHs
are able to restore Nuclear Factor-κB (NF-κB) and/or STAT-3 activity, VEGF secretion and
MMP-2 activity inhibited by aPL antibodies [56]. A noteworthy aspect of our results was that
tinzaparin improved aPL-inhibited in vitro angiogenesis and STAT-3 activity more effectively
than enoxaparin but it is difficult to explain this difference between the two LMWHs and
caution is necessary in extrapolating the obtained results.

In conclusion, this study provides the demonstration of a beneficial effect of LMWHs on the
aPL antibodies-inhibited HEEC angiogenesis offering a new mechanism whereby treatment
with heparin protects early pregnancy in APS.

Beyond heparin administration, recently, a new therapeutic perspective has been investigated
to provide a safer profile therapy to prevent aPL antibodies-mediated angiogenesis inhibition.
During the last decade, several groups attempted to neutralize the pathogenic effect of aPL
antibodies by using synthetic peptides reproducing the β2GPI epitopes recognized by these
antibodies [57,58].

An alternative approach by other groups employed synthetic portions of the whole molecule
able to compete with β2GPI in its binding to the natural cell targets, ultimately inhibiting its
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expression and the recognition by specific autoantibodies [59,60]. It has been shown that a
twenty amino acid synthetic peptide of viral origin spanning Thr101-Thr120 of ULB0-HCMVA
from human Cytomegalovirus (TIFI) shares similarity with a 15 amino acid sequence rich in
lysines in the Vth domain of β2GPI located in the PL-binding site [61]. TIFI inhibits the binding
of FITC-conjugated β2GPI to human endothelial cells and murine monocytes in vitro. It has
been demonstrated that this peptide is not recognized by aPL antibodies but it is able to reverse
the aPL antibodies-mediated thrombosis in mice [59]. Furthermore, TIFI was recently shown
to inhibit also the binding of monoclonal human β2GPI-dependent aPL antibodies to human
trophoblast in vitro, and, more importantly, it has been observed that repeated injections of
TIFI protected pregnant naïve mice from fetal loss and growth retardation induced by passive
infusion of human aPL IgG [62-64]. Since β2GPI was shown to bind endothelial cells and
trophoblasts through the PL-binding site, it has been suggested that TIFI might compete with
β2GPI in the binding to cell membranes so reducing the amount of the target antigen available
for aPL antibodies and ultimately might reverse the autoantibody-mediated pro-thrombotic
or fetal loss effects [59,61-65] (Figure 1).

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. TIFI competes with β2GPI in the binding to HEEC membranes reducing the amount of the target antigen available for 
aPL antibodies and ultimately reverses the autoantibody-mediated fetal loss [66]. 
 
3.3 Inflammation  
A physiological pregnancy development requires a fine regulation of the maternal immune response during embryo implantation. 
Acute inflammatory events are recognized causes of adverse pregnancy outcomes, and proinflammatory mediators, such as 
complement, tumor necrosis factor (TNF), and CC chemokines, have been shown to play a role in animal models of aPL 
antibodies-induced fetal loss [67].   
Recently, the excessive activation of complement system at the fetal-maternal interface has been proposed as an additional aPL 
antibodies-mediated mechanism of placental damage responsible for negative outcome in APS. In pregnant murine model of APS, 
Girardi et al. demonstrated that aPL antibodies, preferentially targeted at deciduas and placentas, activate the complement system 
through the classical pathway, leading to generation of potent anaphylatoxins and mediators of effector-cell activation. The 
recruitment of inflammatory cells accelerates local alternative pathway activation and creates a proinflammatory amplification loop 
that enhances complement component 3 (C3) activation and deposition, generates additional C3a and C5a and results in further 
influx of inflammatory cells into the placenta [8].   
The pathogenic mechanism of complement-mediated fetal loss induced by aPL antibodies is also supported by the protection that 
deficiency in complement components confers on the animals, or that follows from in vivo inhibition of complement [68,69]. Hence, 
the complement system could be a potential therapeutic target in aPL-positive patients. 
Interestingly, Girardi and co-workers demonstrated that treatment with heparin prevent complement activation in vivo and protect 
mice from pregnancy complications induced by aPL antibodies [28]. Such low doses of heparin, lacking anticoagulant effects, 
inhibited inflammatory responses at the level of leukocyte adhesion and influx and limited tissue injury [70-73] Neither fondaparinux 
nor hirudin, other anticoagulants without known effects on complement [74], prevented pregnancy loss, demonstrating that 
anticoagulant therapy gives insufficient protection against APS-associated miscarriage [28]. 
Moreover, it has been demonstrated that heparin possesses the ability to inhibit lipopolysaccharide-induced proinflammatory 
cytokines (tumour necrosis factor α, interleukin 6, 8 and 1β) [75], involved in recurrent fetal loss of a murine model of APS [76]. 
 
Administration of intravenous immunoglobulin (IVIG) has been proposed as a possible treatment to prevent pregnancy loss in APS. 
IVIG may act by modulating the effect of cytokines as well as by inhibiting the action of pathological antibodies by either the 
interaction of the Fc portion of immunoglobulin with Fc receptors or the Fab receptors, or by passively acting as anti-idiotypic. IVIG 
also modulates the activation and effector functions of B and T lymphocytes, neutralizes pathogenic autoantibodies, and interferes 
with antigen presentation. Furthermore, the anti-inflammatory effect of IVIG may be due to interaction with the complement system 
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IVIG have been shown to reduce the number of fetal resorptions in mice in which APS had been induced by immunization with aPL 
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restored the anti-β2GPI antibodies-inhibited invasiveness of both JAR cells and human trophoblast cells in vitro. Based on these 
results, APS sIVIG may be considered as potential specific therapeutic safe compound for developing a treatment for APS patient’s 
early fetal loss [80]. 
Much research is still needed on the effects and proper indications for IVIG in reproductive failure. However, its prohibitive cost will 
probably prevent it ever becoming a first-line drug and its place is probably best reserved for severely affected patients who cannot 
be helped by simpler modes of treatment. 
 
 
A new potential mechanism of aPL antibodies-mediated fetal loss linking TF and complement activation has been recently 
proposed. TF, best known as the primary cellular initiator of blood coagulation, also contributes to a variety of biological processes. 
In particular, TF is involved in inflammation and cell injury processes by interacting with protease-activated receptors (PARs) [81], a 
subfamily of related G protein-coupled receptors. Complexes of TF-FVIIa and TF-FVIIa-factor Xa (FXa) as well as FXa and 
thrombin induce pro-inflammatory signals by activating PARs and inducing the expression of TNF-α, interleukins, and adhesion 
molecules [82–84]. 
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Figure 1. TIFI competes with β2GPI in the binding to HEEC membranes reducing the amount of the target antigen
available for aPL antibodies and ultimately reverses the autoantibody-mediated fetal loss [66].

Based on these recent discoveries, we examined the ability of TIFI to interfere with aPL
antibodies-mediated inhibition of human endometrial angiogenesis and we observed that the
peptide is able to revert the anti-angiogenic effects mediated by a β2GPI-dependent aPL
monoclonal IgG on HEEC both in vitro and in vivo [66]. We showed for the first time that TIFI
is able to prevent the effects of β2GPI-dependent aPL antibodies on human endometrial
endothelial cell (HEEC) functions. In fact, the addition of TIFI to HEEC cultures restores VEGF
expression and MMP-2 gelatinolytic capacity affected by β2GPI-dependent monoclonal aPL
antibodies [66]. This finding is also confirmed by parallel experiments performed in a murine
model of in vivo angiogenesis [66].

3.3. Inflammation

A physiological pregnancy development requires a fine regulation of the maternal immune
response during embryo implantation. Acute inflammatory events are recognized causes of
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important additional mechanism able to explain the association between APS and pregnancy
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tinzaparin improved aPL-inhibited in vitro angiogenesis and STAT-3 activity more effectively
than enoxaparin but it is difficult to explain this difference between the two LMWHs and
caution is necessary in extrapolating the obtained results.

In conclusion, this study provides the demonstration of a beneficial effect of LMWHs on the
aPL antibodies-inhibited HEEC angiogenesis offering a new mechanism whereby treatment
with heparin protects early pregnancy in APS.
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to provide a safer profile therapy to prevent aPL antibodies-mediated angiogenesis inhibition.
During the last decade, several groups attempted to neutralize the pathogenic effect of aPL
antibodies by using synthetic peptides reproducing the β2GPI epitopes recognized by these
antibodies [57,58].

An alternative approach by other groups employed synthetic portions of the whole molecule
able to compete with β2GPI in its binding to the natural cell targets, ultimately inhibiting its
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expression and the recognition by specific autoantibodies [59,60]. It has been shown that a
twenty amino acid synthetic peptide of viral origin spanning Thr101-Thr120 of ULB0-HCMVA
from human Cytomegalovirus (TIFI) shares similarity with a 15 amino acid sequence rich in
lysines in the Vth domain of β2GPI located in the PL-binding site [61]. TIFI inhibits the binding
of FITC-conjugated β2GPI to human endothelial cells and murine monocytes in vitro. It has
been demonstrated that this peptide is not recognized by aPL antibodies but it is able to reverse
the aPL antibodies-mediated thrombosis in mice [59]. Furthermore, TIFI was recently shown
to inhibit also the binding of monoclonal human β2GPI-dependent aPL antibodies to human
trophoblast in vitro, and, more importantly, it has been observed that repeated injections of
TIFI protected pregnant naïve mice from fetal loss and growth retardation induced by passive
infusion of human aPL IgG [62-64]. Since β2GPI was shown to bind endothelial cells and
trophoblasts through the PL-binding site, it has been suggested that TIFI might compete with
β2GPI in the binding to cell membranes so reducing the amount of the target antigen available
for aPL antibodies and ultimately might reverse the autoantibody-mediated pro-thrombotic
or fetal loss effects [59,61-65] (Figure 1).
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Moreover, it has been demonstrated that heparin possesses the ability to inhibit lipopolysaccharide-induced proinflammatory 
cytokines (tumour necrosis factor α, interleukin 6, 8 and 1β) [75], involved in recurrent fetal loss of a murine model of APS [76]. 
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IVIG may act by modulating the effect of cytokines as well as by inhibiting the action of pathological antibodies by either the 
interaction of the Fc portion of immunoglobulin with Fc receptors or the Fab receptors, or by passively acting as anti-idiotypic. IVIG 
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with antigen presentation. Furthermore, the anti-inflammatory effect of IVIG may be due to interaction with the complement system 
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probably prevent it ever becoming a first-line drug and its place is probably best reserved for severely affected patients who cannot 
be helped by simpler modes of treatment. 
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Figure 1. TIFI competes with β2GPI in the binding to HEEC membranes reducing the amount of the target antigen
available for aPL antibodies and ultimately reverses the autoantibody-mediated fetal loss [66].

Based on these recent discoveries, we examined the ability of TIFI to interfere with aPL
antibodies-mediated inhibition of human endometrial angiogenesis and we observed that the
peptide is able to revert the anti-angiogenic effects mediated by a β2GPI-dependent aPL
monoclonal IgG on HEEC both in vitro and in vivo [66]. We showed for the first time that TIFI
is able to prevent the effects of β2GPI-dependent aPL antibodies on human endometrial
endothelial cell (HEEC) functions. In fact, the addition of TIFI to HEEC cultures restores VEGF
expression and MMP-2 gelatinolytic capacity affected by β2GPI-dependent monoclonal aPL
antibodies [66]. This finding is also confirmed by parallel experiments performed in a murine
model of in vivo angiogenesis [66].

3.3. Inflammation

A physiological pregnancy development requires a fine regulation of the maternal immune
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adverse pregnancy outcomes, and proinflammatory mediators, such as complement, tumor
necrosis factor (TNF), and CC chemokines, have been shown to play a role in animal models
of aPL antibodies-induced fetal loss [67].

Recently, the excessive activation of complement system at the fetal-maternal interface has
been proposed as an additional aPL antibodies-mediated mechanism of placental damage
responsible for negative outcome in APS. In pregnant murine model of APS, Girardi et al.
demonstrated that aPL antibodies, preferentially targeted at deciduas and placentas, activate
the complement system through the classical pathway, leading to generation of potent
anaphylatoxins and mediators of effector-cell activation. The recruitment of inflammatory cells
accelerates local alternative pathway activation and creates a proinflammatory amplification
loop that enhances complement component 3 (C3) activation and deposition, generates
additional C3a and C5a and results in further influx of inflammatory cells into the placenta [8].

The pathogenic mechanism of complement-mediated fetal loss induced by aPL antibodies is
also supported by the protection that deficiency in complement components confers on the
animals, or that follows from in vivo inhibition of complement [68,69]. Hence, the complement
system could be a potential therapeutic target in aPL-positive patients.

Interestingly, Girardi and co-workers demonstrated that treatment with heparin prevent
complement activation in vivo and protect mice from pregnancy complications induced by
aPL antibodies [28]. Such low doses of heparin, lacking anticoagulant effects, inhibited
inflammatory responses at the level of leukocyte adhesion and influx and limited tissue injury
[70-73] Neither fondaparinux nor hirudin, other anticoagulants without known effects on
complement [74], prevented pregnancy loss, demonstrating that anticoagulant therapy gives
insufficient protection against APS-associated miscarriage [28].

Moreover, it has been demonstrated that heparin possesses the ability to inhibit lipopolysac‐
charide-induced proinflammatory cytokines (tumour necrosis factor α, interleukin 6, 8 and
1β) [75], involved in recurrent fetal loss of a murine model of APS [76].

Administration of intravenous immunoglobulin (IVIG) has been proposed as a possible
treatment to prevent pregnancy loss in APS. IVIG may act by modulating the effect of cytokines
as well as by inhibiting the action of pathological antibodies by either the interaction of the Fc
portion of immunoglobulin with Fc receptors or the Fab receptors, or by passively acting as
anti-idiotypic. IVIG also modulates the activation and effector functions of B and T lympho‐
cytes, neutralizes pathogenic autoantibodies, and interferes with antigen presentation.
Furthermore, the anti-inflammatory effect of IVIG may be due to interaction with the com‐
plement system [77].

IVIG have been shown to reduce the number of fetal resorptions in mice in which APS had
been induced by immunization with aPL [78]. However, in a multicenter placebo controlled
pilot study, the administration to pregnant women with APS of IVIG associated to low-dose
aspirin plus heparin did not improve obstetric or neonatal outcomes beyond those achieved
with a heparin and low-dose aspirin regimen [79].

Recently, Blank and coworkers demonstrated that anti-anti- β2GPI specific IVIG (sIVIG) are
able to improve significantly the pregnancy outcome in BALB/c mice passively infused with
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anti-β2GPI antibodies. They also observed that incubation of sIVIG restored the anti-β2GPI
antibodies-inhibited invasiveness of both JAR cells and human trophoblast cells in vitro. Based
on these results, APS sIVIG may be considered as potential specific therapeutic safe compound
for developing a treatment for APS patient’s early fetal loss [80].

Much research is still needed on the effects and proper indications for IVIG in reproductive
failure. However, its prohibitive cost will probably prevent it ever becoming a first-line drug
and its place is probably best reserved for severely affected patients who cannot be helped by
simpler modes of treatment.

A new potential mechanism of aPL antibodies-mediated fetal loss linking TF and complement
activation has been recently proposed. TF, best known as the primary cellular initiator of blood
coagulation, also contributes to a variety of biological processes. In particular, TF is involved
in inflammation and cell injury processes by interacting with protease-activated receptors
(PARs) [81], a subfamily of related G protein-coupled receptors. Complexes of TF-FVIIa and
TF-FVIIa-factor Xa (FXa) as well as FXa and thrombin induce pro-inflammatory signals by
activating PARs and inducing the expression of TNF-α, interleukins, and adhesion molecules
[82–84].

Increased expression of TF on monocytes from patients with APS has been reported [85–87]
and in vitro studies support a direct role for aPL antibodies in inducing monocyte TF expres‐
sion. Indeed, incubation of normal monocytes with IgG from patients with APS or monoclonal
aPL antibodies has been shown to induce TF expression and activity in these cells [88–90]. In
particular, anti-β2GPI human monoclonal antibodies derived from APS patients enhance
monocyte TF mRNA and activity in a β2GPI-dependent fashion [91]. Similarly, aPL antibodies
(and specifically anti-β2GPI antibodies) have been shown to induce TF, along with inflamma‐
tory cytokines and adhesion molecules, on endothelial cells [92–94].

Ritis et al. reported that complement activation is a fundamental process in determining aPL-
induced increase of TF expression on neutrophils. Indeed, in this study the authors showed
that complement component C5a induced TF synthesis and expression on neutrophils through
interaction with C5a receptor [95].

Based on this finding, Redecha et al. investigated whether TF contributes to aPL antibodies-
induced fetal loss in mice and observed that mice treated with aPL antibodies showed strong
TF staining throughout  the  decidua and on embryonic  debris  [96].  Surprisingly,  neither
increase in fibrin staining nor thrombi was associated with increased TF staining in deciduas
from  aPL  antibodies-treated  mice  [96].  Moreover,  anticoagulation  with  hirudin  and
fondaparinux was not sufficient to prevent pregnancy loss in this model. Neither TF increase
nor  fetal  death was observed in  mice  deficient  in  complement  component  C5a receptor
(C5aR) treated with aPL antibodies,  demonstrating the importance of  C5a-C5aR interac‐
tion in TF expression and fetal death in this model of APS. To assess the importance of TF
in aPL antibodies-induced fetal injury, Redecha et al. inhibited TF with a monoclonal anti-
mTF antibody 1H1 [96]. TF blockade prevented fetal death in aPL antibodies-treated mice
also  diminishing  complement  component  C3  deposition  and  neutrophil  infiltration  in
deciduas [96].
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anti-β2GPI antibodies. They also observed that incubation of sIVIG restored the anti-β2GPI
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induced fetal loss in mice and observed that mice treated with aPL antibodies showed strong
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fondaparinux was not sufficient to prevent pregnancy loss in this model. Neither TF increase
nor  fetal  death was observed in  mice  deficient  in  complement  component  C5a receptor
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Furthermore, Redecha et al. investigated the intracellular pathway of TF complement-
mediated activation, observing a 5-fold increase in PAR-2 mRNA expression in neutrophils of
aPL antibodies-treated mice when compared to untreated mice or mice treated with control
antibodies [97] as well as an increased reactive oxygen species (ROS) production and phago‐
cytosis in neutrophils from aPL antibodies-treated mice. Interestingly, neutrophils from PAR-2
deficient (PAR-2−/−) mice displayed a dramatic reduction of neutrophil activation in aPL
antibodies-treated mice [97]. Also ROS production and phagocytosis were significantly
reduced in neutrophils from PAR-2−/−mice treated with aPL antibodies compared with aPL
antibodies-treated wild-type mice. Specific monoclonal antibody 10H10 that selectively blocks
TF-VIIa signaling through PAR-2, but not antibody 5G9 that only prevents TF procoagulant
activity, prevented oxidative burst and increased phagocytosis in mice treated with aPL
antibodies [97]. These results are in accordance with the previous observation that anticoagu‐
lation does not rescue pregnancies in APS [43]. In addition, neutrophils from TF δCT/δCT mice
that carry a mutation in the cytoplasmic domain involved in PAR-2 signaling did not show
increased oxidative stress and phagocytosis in response to aPL antibodies [97]. This data
reinforces the idea that TF-FVIIa signaling is required for neutrophil activation and fetal injury
in APS.

The possible application of statins in the prevention of aPL antibodies-related adverse
pregnancy outcomes arises from their ability to suppress TF expression in various cell types
[98]. Knowing that TF is a crucial mediator in aPL antibodies-induced pregnancy loss and that
statins diminish TF expression, Girardi et al. investigated whether statins could prevent
pregnancy loss in aPL antibodies-treated mice and demonstrated that simvastatin and
pravastatin prevented fetal loss by reducing TF and PAR-2 expression on neutrophils, thus
preventing neutrophil activation [99]. aPL antibodies-dependent increase in free radical-
mediated lipid peroxidation in decidual tissue was also ameliorated by treatment with statins
[99] (Figure 2). These results suggest that statins prevent aPL antibodies-induced neutrophil
activation, thus protecting trophoblasts from oxidative damage and rescuing the fetuses.
However, given that statins are not major teratogens [100,101] and considering the beneficial
effects of statins in animal studies, statins should be considered as a possible treatment for
women with aPL antibodies-induced pregnancy complications. Clinical trials are needed to
confirm the effectiveness of its application to humans.

Mulla et al. Investigated further mechanisms characterizing the inflammatory process
occurring in vitro in trophoblast cells after aPL antibodies binding. Indeed, they demonstrated
that anti-β2GPI antibodies trigger an inflammatory response in trophoblast, characterized by
increased secretion of IL-8, MCP-1, GRO-α and IL-1β, and that this occurs in a TLR-4/MyD88-
dependent manner [102]. At high concentrations, these antibodies also induce caspase-
mediated cell death. This was attenuated upon disabling of the MyD88 pathway, suggesting
that anti-β2GPI-induced inflammatory mediators compromise trophoblast survival by acting
in an autocrine/paracrine manner. Enhanced IL-8, GRO-α and IL-1β secretion also occurred
when trophoblast were incubated with antibodies from patients with APS. Heparin attenuated
the anti-β2GPI antibody-mediated cell death, and also the pro-inflammatory response, but
only at high concentrations [102]. These findings demonstrate that aPL antibodies triggers a
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placental inflammatory response via the TLR-4/MyD88 pathway, which in turn compromises
trophoblast survival. Thus, the TLR-4/MyD88 pathway may provide a new therapeutic target
to improve pregnancy outcome in APS.

4. Conclusions

Heparin, associated to low dose aspirin, is considered nowadays the gold standard for the
prevention of obstetric complications in pregnant women with APS. Yet, heparin therapy
administered at subanticoagulant doses has improved pregnancy outcomes in some trials of
APS patients [35]. Several studies have proposed different mechanisms of action able to explain
the beneficial effect of heparin in preventing adverse pregnancy outcomes associated to APS
(Table 2).

↓ aPL antibodies binding to trophoblast cells

↑ Cleavage of β2GPI

↓ Complement activation

↓ Trophoblast cells apoptosis

↑ Trophoblast cells invasiveness and differentiation

↑ HB-EGF expression

↑Endometrial angiogenesis

Table 2. Heparin mediated mechanisms of placental protection from aPL antibodies.

However, in women with APS and history of obstetric failures, pregnancy complications recur
in the 15% of cases despite the therapy.

In the last years new mechanisms of aPL-mediated pregnancy impairment, like inflammation
and angiogenesis inhibition, and more specific target therapies have being examined in order
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to treat more selectively the aPL antibodies-induced placental damage and to ameliorate the
reproductive performance of women with APS. Studies on humans are required to verify the
safety profile and effectiveness of new therapies proposed.
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Chapter 6

Thrombophilia in Systemic Lupus Erythematosus: A
Review of Multiple Mechanisms and Resultant Clinical
Outcomes

Patricia J. Dhar and Robert J. Sokol

Additional information is available at the end of the chapter
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1. Introduction

Systemic lupus erythematosus, or SLE is a multisystem autoimmune disease that occurs
predominantly in African American women of childbearing age, who generally have more
severe disease. There are several multi-ethnic global lupus registries ongoing to collect better
information on the epidemiology of SLE worldwide [1]. The annual incidence of SLE is 3 cases /
100,000 with prevalence rates reported up to 144/100,000 among the general population [1-2],
90% of SLE patients being female gender. African Americans and Hispanics as well as males
with lupus, general ly have more severe diseases, particularly renal disease, with some studies
also showing this association in Asians [1-2]. SLE is a thrombophilic state. Patients with SLE-
related hypercoagulability can develop arterial and venous thrombosis as well as intrauterine
fetal demise, such as miscarriages and stillbirths. Multiple mechanisms contribute to hyper‐
coagulability in SLE, including lupus specific factors such as antiphospholipid antibodies.
These antibodies also contribute to cardiovascular and cerebrovascular disease in lupus. The
inflammation in SLE can increase certain procoagulant factors which can tip the balance
towards thrombosis. In addition, platelet hyperfunction in SLE promotes thrombogenesis and
is particularly important in premature cardiovascular disease management in women with
lupus. Thrombogenesis in SLE is best explained by the multiple-hit theory in which several
procoagulant or anticoagulant effects occur, which additively can attain the critical overall
effect needed to generate a blood clot. Thus, when assessing lupus patients for thrombosis or
intrauterine fetal demise, a larger laboratory work up is needed to define the coagulation
abnormalities in order to fine tune the most effective anticoagulation regimen as well as
determine length of treatment. This chapter will briefly review the clinical syndromes
associated with thrombophilic lupus related antibodies, with an emphasis on pregnancy loss,
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1. Introduction
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These antibodies also contribute to cardiovascular and cerebrovascular disease in lupus. The
inflammation in SLE can increase certain procoagulant factors which can tip the balance
towards thrombosis. In addition, platelet hyperfunction in SLE promotes thrombogenesis and
is particularly important in premature cardiovascular disease management in women with
lupus. Thrombogenesis in SLE is best explained by the multiple-hit theory in which several
procoagulant or anticoagulant effects occur, which additively can attain the critical overall
effect needed to generate a blood clot. Thus, when assessing lupus patients for thrombosis or
intrauterine fetal demise, a larger laboratory work up is needed to define the coagulation
abnormalities in order to fine tune the most effective anticoagulation regimen as well as
determine length of treatment. This chapter will briefly review the clinical syndromes
associated with thrombophilic lupus related antibodies, with an emphasis on pregnancy loss,
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cardiovascular disease and clotting, the multiple mechanisms for hypercoagulability in SLE,
and discuss the complexity of this problem in this population.

2. Epidemiology

2.1. Vascular thrombosis

The epidemiology of vascular thrombosis is well described in SLE and with several studies
showing an increased risk for arterial and venous thrombosis. Arterial and venous thrombosis
occurs in approximately 10% of SLE patients [3-7] with thrombosis being a major cause of death
in patients with lupus [8]. Gender differences have been reported with male SLE patients
having a higher prevalence of thrombosis and antiphospholipid antibody syndrome compared
to women with lupus [9]. Thrombovascular events occur throughout the course of lupus
disease with an increase risk over time [10-11]. Arterial vascular events occur more frequently
in post- menopausal women with lupus and are associated with age, disease duration, smoking
and mean dose of glucocorticoids [12]. Venous thrombosis is also associated with smoking in
lupus [12]. Other risk factors for thrombosis in lupus include high disease activity, lupus
nephritis /nephrotic syndrome, elevated homocysteine, and the presence of antiphospholipid
antibodies [11, 13-16].

2.2. Pregnancy loss

The factors which increase thrombosis risk also promote pregnancy loss in lupus. Patients with
SLE have increased frequencies of intrauterine growth restriction and fetal demise (miscarriage
and stillbirth) which can predate the diagnosis of lupus [17-18]. Pregnancy complications in
SLE are fairly common with maternal hypertensive complications occurring in 10-20%,
preterm births in 20% and fetal growth restriction occurring in about 28%, with an average
drop in fetal growth weight to be 16% [18-19]. Fetal wastage is markedly increased in SLE with
stillbirths occurring in 4-22% and miscarriage rates reported to range from approximately
10-46% [18-19]. The increased stillbirth rate in SLE is 4 fold greater than the general population
[18]. Intrauterine demise and adverse fetal outcome in SLE are related in great part to lupus
specific thrombophilic factors, which can cause placental infarctions, decidual vasculopathy,
and lower placental weight [20-22]. Placental histopathological findings in SLE patients with
lupus anticoagulant or anti-cardiolipin antibodies include extensive infarctions due to
decidual vasculopathy (related to fibrinoid necrosis in the wall of decidual arterioles and
thrombosis), syncytial knots, and perivillous fibrinoid change [20-22]. In addition, there is a
decrease in vasculo-syncytial membranes,an increase in fibrosis and an increase in hypovas‐
cular villi all which can lead to fetal growth restriction or demise [20-22]. Pregnancy itself is a
hypercoagulable state with fetal demise, thrombosis and pre-eclampsia being related to Factor
V Leiden mutation, prothrombin gene mutation 20210A, and deficiencies of anti-thrombin III,
protein C and protein S [23]. Thus, SLE specific thrombophilic factors are additive to the
background of pregnancy related hypercoagulability (multiple hits), and this increases the
occurrence of adverse fetal outcomes in lupus.
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2.3. Premature cardiovascular disease

Lupus-specific thrombophilic factors contribute to premature cardiac disease and atheroscle‐
rosis in this population. These lupus specific factors can affect the endothelium resulting in
premature arterial vascular disease contributing to the accelerated/premature atherosclerosis
observed in SLE [24]. Atheroma formation is initiated when oxidized low density lipoprotein
(LDL) is taken up by foam cells in vascular endothelium [24-25]. High density lipoprotein
(HDL) and Apo-A1 are protective factors against atherosclerosis. β-2 glycoprotein-1 binding
to oxidized LDL facilitates uptake by foam cells [26]. Patients with SLE have antibodies to LDL/
β-2 glycoprotein-1 complexes, HDL, and Apo –A1 [26-27]. Antibodies to HDL and Apo A-1
cross react with cardiolipin and prevent HDL and Apo-1 protection against atherosclerosis.
Antibodies to oxidized LDL may cross react with β-2 glycoprotein-1 and may enhance uptake,
thus promoting plaque formation [25-28]. Anticardiolipin antibody binding exposes immu‐
nogenic and normally hidden (or cryptic) epitopes on β-2 glycoprotein-1, which can bind to
anti- β-2 glycoprotein-1 antibodies. These antibodies bind to adhered β-2 glycoprotein-1 on
endothelial cells which causes endothelial activation and subsequent up regulation of inflam‐
matory and procoagulant factors [24-26]. In addition, adhered β-2 glycoprotein-1 on oxidized
LDL promotes LDL uptake by macrophages, thus facilitating plaque formation [24-26, 28].
During the acute phase response, HDL can be converted to pro-inflammatory molecules which
promote LDL oxidation. Chronic inflammation can cause HDL dysfunction in SLE. HDL has
been found to be pro-inflammatory in women with SLE and is termed pro-inflammatory HDL
or piHDL [25-26, 28]. More than 85% patients with SLE and carotid plaques had piHDL vs.
40% in those without plaques [27]. Pro- inflammatory HDL is an independent risk factor for
atherosclerosis in rheumatoid arthritis and antiphospholipid antibody syndrome [26, 28]. The
prevalence of moderate to severe atherosclerosis in SLE at autopsy is 52% [29]. There is a higher
prevalence of coronary artery disease in SLE than general population which is not predicted
by traditional risk factors or increase in lupus activity alone [30-39]. Mortality studies show
coronary artery disease (CAD) /myocardial infarction (MI) is a frequent cause of death in SLE
and occurs in 11-48% of SLE patients [3, 30-35]. Death from CAD in SLE is disproportionately
larger in late disease, with CAD/MI being the leading cause of death in SLE survivors. This
accounts for the late peak in mortality in SLE [36-38]. Although there are a greater number of
CAD risk factors (hypertension, diabetes mellitus, dyslipidemia, sedentary life style) in SLE
patients than matched controls, the increased atherosclerosis in SLE is not fully attributed to
these traditional risk factors [39-41]. Several other studies have reported an increased risk of
cardiovascular disease in SLE. After controlling for age, sex, cholesterol, hypertension, diabetes
mellitus, tobacco use the relative risk was 10.1 for non-fatal myocardial infarction [95%, CI
5.8-15.6] and 17.0 for death due to coronary artery disease (CI 8.1-29.7) [42]. Esdaile also
reported a 7.5X increased risk for developing coronary artery disease in SLE [42]. Progression
of coronary artery calcification has been associated with age, cholesterol and smoking [43]. In
particular, premenopausal aged women with lupus seem to have premature CAD with >50X
increase in MI in SLE women 35-44 years, and the risk of cardiovascular events being 8-9 X
increased in middle age SLE women [44-45]. We have also reported an increased risk of
myocardial infarction in premenopausal women with SLE [46]. Thus, myocardial infarctions
occur in patients with SLE at younger age than the general population, and using traditional
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cardiovascular disease and clotting, the multiple mechanisms for hypercoagulability in SLE,
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occurs in approximately 10% of SLE patients [3-7] with thrombosis being a major cause of death
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in post- menopausal women with lupus and are associated with age, disease duration, smoking
and mean dose of glucocorticoids [12]. Venous thrombosis is also associated with smoking in
lupus [12]. Other risk factors for thrombosis in lupus include high disease activity, lupus
nephritis /nephrotic syndrome, elevated homocysteine, and the presence of antiphospholipid
antibodies [11, 13-16].

2.2. Pregnancy loss

The factors which increase thrombosis risk also promote pregnancy loss in lupus. Patients with
SLE have increased frequencies of intrauterine growth restriction and fetal demise (miscarriage
and stillbirth) which can predate the diagnosis of lupus [17-18]. Pregnancy complications in
SLE are fairly common with maternal hypertensive complications occurring in 10-20%,
preterm births in 20% and fetal growth restriction occurring in about 28%, with an average
drop in fetal growth weight to be 16% [18-19]. Fetal wastage is markedly increased in SLE with
stillbirths occurring in 4-22% and miscarriage rates reported to range from approximately
10-46% [18-19]. The increased stillbirth rate in SLE is 4 fold greater than the general population
[18]. Intrauterine demise and adverse fetal outcome in SLE are related in great part to lupus
specific thrombophilic factors, which can cause placental infarctions, decidual vasculopathy,
and lower placental weight [20-22]. Placental histopathological findings in SLE patients with
lupus anticoagulant or anti-cardiolipin antibodies include extensive infarctions due to
decidual vasculopathy (related to fibrinoid necrosis in the wall of decidual arterioles and
thrombosis), syncytial knots, and perivillous fibrinoid change [20-22]. In addition, there is a
decrease in vasculo-syncytial membranes,an increase in fibrosis and an increase in hypovas‐
cular villi all which can lead to fetal growth restriction or demise [20-22]. Pregnancy itself is a
hypercoagulable state with fetal demise, thrombosis and pre-eclampsia being related to Factor
V Leiden mutation, prothrombin gene mutation 20210A, and deficiencies of anti-thrombin III,
protein C and protein S [23]. Thus, SLE specific thrombophilic factors are additive to the
background of pregnancy related hypercoagulability (multiple hits), and this increases the
occurrence of adverse fetal outcomes in lupus.
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(LDL) is taken up by foam cells in vascular endothelium [24-25]. High density lipoprotein
(HDL) and Apo-A1 are protective factors against atherosclerosis. β-2 glycoprotein-1 binding
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β-2 glycoprotein-1 complexes, HDL, and Apo –A1 [26-27]. Antibodies to HDL and Apo A-1
cross react with cardiolipin and prevent HDL and Apo-1 protection against atherosclerosis.
Antibodies to oxidized LDL may cross react with β-2 glycoprotein-1 and may enhance uptake,
thus promoting plaque formation [25-28]. Anticardiolipin antibody binding exposes immu‐
nogenic and normally hidden (or cryptic) epitopes on β-2 glycoprotein-1, which can bind to
anti- β-2 glycoprotein-1 antibodies. These antibodies bind to adhered β-2 glycoprotein-1 on
endothelial cells which causes endothelial activation and subsequent up regulation of inflam‐
matory and procoagulant factors [24-26]. In addition, adhered β-2 glycoprotein-1 on oxidized
LDL promotes LDL uptake by macrophages, thus facilitating plaque formation [24-26, 28].
During the acute phase response, HDL can be converted to pro-inflammatory molecules which
promote LDL oxidation. Chronic inflammation can cause HDL dysfunction in SLE. HDL has
been found to be pro-inflammatory in women with SLE and is termed pro-inflammatory HDL
or piHDL [25-26, 28]. More than 85% patients with SLE and carotid plaques had piHDL vs.
40% in those without plaques [27]. Pro- inflammatory HDL is an independent risk factor for
atherosclerosis in rheumatoid arthritis and antiphospholipid antibody syndrome [26, 28]. The
prevalence of moderate to severe atherosclerosis in SLE at autopsy is 52% [29]. There is a higher
prevalence of coronary artery disease in SLE than general population which is not predicted
by traditional risk factors or increase in lupus activity alone [30-39]. Mortality studies show
coronary artery disease (CAD) /myocardial infarction (MI) is a frequent cause of death in SLE
and occurs in 11-48% of SLE patients [3, 30-35]. Death from CAD in SLE is disproportionately
larger in late disease, with CAD/MI being the leading cause of death in SLE survivors. This
accounts for the late peak in mortality in SLE [36-38]. Although there are a greater number of
CAD risk factors (hypertension, diabetes mellitus, dyslipidemia, sedentary life style) in SLE
patients than matched controls, the increased atherosclerosis in SLE is not fully attributed to
these traditional risk factors [39-41]. Several other studies have reported an increased risk of
cardiovascular disease in SLE. After controlling for age, sex, cholesterol, hypertension, diabetes
mellitus, tobacco use the relative risk was 10.1 for non-fatal myocardial infarction [95%, CI
5.8-15.6] and 17.0 for death due to coronary artery disease (CI 8.1-29.7) [42]. Esdaile also
reported a 7.5X increased risk for developing coronary artery disease in SLE [42]. Progression
of coronary artery calcification has been associated with age, cholesterol and smoking [43]. In
particular, premenopausal aged women with lupus seem to have premature CAD with >50X
increase in MI in SLE women 35-44 years, and the risk of cardiovascular events being 8-9 X
increased in middle age SLE women [44-45]. We have also reported an increased risk of
myocardial infarction in premenopausal women with SLE [46]. Thus, myocardial infarctions
occur in patients with SLE at younger age than the general population, and using traditional
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risk factors alone is inadequate for developing prevention and treatment programs in asymp‐
tomatic SLE patients [42, 44].

2.4. Cerebrovascular disease

Cerebrovascular disease is increased in SLE with an increased risk of stroke reported to be
1.67, 3.2 and 7.9 X the general population [44, 47-48]. Age and hypertension are associated with
progression of carotid intima media thickness and carotid artery plaque in SLE [43]. Male lupus
patients tend to have a higher prevalence of strokes than females [49]. Antiphospholipid
antibodies are established risk factors for ischemic stroke in lupus [50] and can increase
cerebrovascular atherosclerotic disease [51].

3. Pathogenesis and mechanisms of hypercoagulability

3.1. Chronic inflammation

Chronic Inflammation, which occurs in SLE, contributes to the development of thrombosis
and accelerated atherosclerosis [52]. Inflammation and infections are known epidemiologic
risk factors for venous thrombosis [53]. Inflammation can cause an acquired thrombophilia
and subsequent thrombosis [54]. Inflammation activates the procoagulant arm of the coagu‐
lation system and inhibits anticoagulation and fibrinolysis [55].There is an association of lupus
disease activity (i.e., inflammation) and elevated erythrocyte sedimentation rate and/or C-
reactive protein levels with vascular thrombosis. [5, 6, 56-57]. In fact, complement activation
which occurs in lupus can promote thrombosis by activating the coagulation cascade at
multiple levels [58]. It is well established that venous thrombosis can occur with elevated levels
of procoagulant factors 2, 8, 9 and 10, as well as with decreased levels of anticoagulant factors
(antithrombin 3, protein S and protein S [54]. Coagulation factors that increase with inflam‐
mation include Von Willebrand factor, fibrinogen, Factor VII, and Factor VIII. Increases in high
sensitivity C –reactive protein (HSCRP), fibrinogen and factor VIII are in seen in lupus
anticoagulant-related thrombosis [59]. Additionally, fibrinogen increases with time in SLE
patients which may partially explain the increased risk of thrombosis with increasing years of
lupus disease [11, 60]. Lupus disease activity is associated with elevated procoagulant markers
thrombin-anti thrombin complexes, prothrombin fragment 1+2, and soluble thrombomodulin,
suggesting inflammatory mediated hypercoagulability [61]. Inflammatory cytokines promote
endothelial damage, plaque formation and vascular smooth muscle hypertrophy [62]. Pro-
inflammatory cytokines which activate endothelial and vascular smooth muscle cells include
interleukin 1 (IL-1), interleukin 6 (IL-6), tumor necrosis factor (TNF) and vascular endothelial
growth factor (VEGF), all of which are increased in active lupus, particularly lupus nephritis
[62]. CD 40 ligand is increased in lymphocytes in SLE patients and CD40/CD40 ligand
interactions can cause plaque rupture [62]. Other pro-inflammatory effects which promote
atherosclerosis include chemokines and adhesion molecules. Inflammation induces thrombo‐
sis via endothelial cell dysfunction, tissue factor mediated activation of coagulation, platelet
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activation, impaired function of anticoagulants and suppressed fibrinolytic activity [55]. These
effects all play a role in venous thrombosis in lupus.

3.2. Hypercoagulability

Multiple mechanisms contribute to hypercoagulability in SLE and thrombosis is due to
multiple hits to the clotting system (the multiple-hit theory). It has been shown that elevations
of procoagulant factors in combination have an additive effect on thrombosis [63]. In lupus,
this includes lupus-specific and non- specific thrombogenic factors. As discussed in the
previous paragraph, inflammation can cause elevations of non- lupus related procoagulant
factors. Other factors contributing to hypercoagulability in SLE includes hyperhomocysteine‐
mia [16, 64-66], and elevated plasminogen activator inhibitor-1 ( PAI-1) which decreases
fibrinolytic activity [16, 55], as well as deficiencies of anticoagulant factors such as protein C,
protein S and tissue plasminogen activator (tPA)which activates the fibrinolytic system [17,
55]. Lupus-specific procoagulant factors include antiphospholipid antibodies. Other lupus-
specific factors include antibodies to factor XII [67], prothrombin [68], and annexin V [69-71].
Antiphospholipid antibodies encompass anticardiolipin antibodies, lupus anticoagulant
(LAC), anti- β-2 glycoprotein-1 antibodies and false positive rapid plasma reagin (RPR) tests.
These antibodies are prevalent in SLE and are pathogenically involved in the thromboses,
accelerated atherosclerosis and fetal demise seen in this population. The prevalence of
antiphospholipid antibodies are common in SLE with anticardiolipin antibodies occurring in
17-86% (vs.1-6% in the general population), and LAC noted in 15-30% (vs. 1-4% in the general
population) [72]. Antiphospholipid antibodies cause vascular thrombosis and fetal loss in SLE
[6, 72-76]. The LAC has a much stronger association with venous thrombosis than anticardio‐
lipin antibodies where the thrombosis risk is directly related to increasing titers of these
antibodies, particularly IGG anticardiolipin antibody titers of medium to high titer [5, 72,
77-78]. Low titers or transient presence of these antibodies generally do not cause thrombosis
[72, 77]. These antibodies bind to phospholipids and protein epitopes found in cardiolipin,
annexin V, prothrombin and β-2 glycoprotein-1 [24]. The antiphospholipid antibodies that
recognize epitopes on β-2 glycoprotein-1 also bind serine proteases involved in hemostasis
and fibrinolysis and hence promote thrombosis [79].

The prothrombotic effect of these antibodies occur via multiple mechanisms including platelet
activation, endothelial cell activation with resultant up regulation of adhesion molecules and
production of thromboxane A2, and stimulation of monocytes to make tissue factor, all of
which promote clotting and vasoconstriction [80-81]. Tissue factor activates the extrinsic
coagulation system while tissue plasminogen activator (tPA) activates fibrinolysis. Tissue
factor pathway inhibitor activity is reduced in SLE and this is associated with increased levels
of tissue factor and subsequent hypercoagulability [82]. Antiphospholipid antibodies bind to
components of the coagulation cascade and activate the coagulation system leading to a
procoagulant state along with decreased fibrinolysis via reducing activity of tPA [79-81].

Thrombosis and fetal loss in SLE share the same pathogenic pathways, and the mechanisms
by which antiphospholipid antibodies cause fetal loss and thrombosis are complex and varied.
They include target antigens in the coagulation, endothelial and immune systems summarized
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risk factors alone is inadequate for developing prevention and treatment programs in asymp‐
tomatic SLE patients [42, 44].

2.4. Cerebrovascular disease

Cerebrovascular disease is increased in SLE with an increased risk of stroke reported to be
1.67, 3.2 and 7.9 X the general population [44, 47-48]. Age and hypertension are associated with
progression of carotid intima media thickness and carotid artery plaque in SLE [43]. Male lupus
patients tend to have a higher prevalence of strokes than females [49]. Antiphospholipid
antibodies are established risk factors for ischemic stroke in lupus [50] and can increase
cerebrovascular atherosclerotic disease [51].

3. Pathogenesis and mechanisms of hypercoagulability

3.1. Chronic inflammation

Chronic Inflammation, which occurs in SLE, contributes to the development of thrombosis
and accelerated atherosclerosis [52]. Inflammation and infections are known epidemiologic
risk factors for venous thrombosis [53]. Inflammation can cause an acquired thrombophilia
and subsequent thrombosis [54]. Inflammation activates the procoagulant arm of the coagu‐
lation system and inhibits anticoagulation and fibrinolysis [55].There is an association of lupus
disease activity (i.e., inflammation) and elevated erythrocyte sedimentation rate and/or C-
reactive protein levels with vascular thrombosis. [5, 6, 56-57]. In fact, complement activation
which occurs in lupus can promote thrombosis by activating the coagulation cascade at
multiple levels [58]. It is well established that venous thrombosis can occur with elevated levels
of procoagulant factors 2, 8, 9 and 10, as well as with decreased levels of anticoagulant factors
(antithrombin 3, protein S and protein S [54]. Coagulation factors that increase with inflam‐
mation include Von Willebrand factor, fibrinogen, Factor VII, and Factor VIII. Increases in high
sensitivity C –reactive protein (HSCRP), fibrinogen and factor VIII are in seen in lupus
anticoagulant-related thrombosis [59]. Additionally, fibrinogen increases with time in SLE
patients which may partially explain the increased risk of thrombosis with increasing years of
lupus disease [11, 60]. Lupus disease activity is associated with elevated procoagulant markers
thrombin-anti thrombin complexes, prothrombin fragment 1+2, and soluble thrombomodulin,
suggesting inflammatory mediated hypercoagulability [61]. Inflammatory cytokines promote
endothelial damage, plaque formation and vascular smooth muscle hypertrophy [62]. Pro-
inflammatory cytokines which activate endothelial and vascular smooth muscle cells include
interleukin 1 (IL-1), interleukin 6 (IL-6), tumor necrosis factor (TNF) and vascular endothelial
growth factor (VEGF), all of which are increased in active lupus, particularly lupus nephritis
[62]. CD 40 ligand is increased in lymphocytes in SLE patients and CD40/CD40 ligand
interactions can cause plaque rupture [62]. Other pro-inflammatory effects which promote
atherosclerosis include chemokines and adhesion molecules. Inflammation induces thrombo‐
sis via endothelial cell dysfunction, tissue factor mediated activation of coagulation, platelet
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activation, impaired function of anticoagulants and suppressed fibrinolytic activity [55]. These
effects all play a role in venous thrombosis in lupus.

3.2. Hypercoagulability

Multiple mechanisms contribute to hypercoagulability in SLE and thrombosis is due to
multiple hits to the clotting system (the multiple-hit theory). It has been shown that elevations
of procoagulant factors in combination have an additive effect on thrombosis [63]. In lupus,
this includes lupus-specific and non- specific thrombogenic factors. As discussed in the
previous paragraph, inflammation can cause elevations of non- lupus related procoagulant
factors. Other factors contributing to hypercoagulability in SLE includes hyperhomocysteine‐
mia [16, 64-66], and elevated plasminogen activator inhibitor-1 ( PAI-1) which decreases
fibrinolytic activity [16, 55], as well as deficiencies of anticoagulant factors such as protein C,
protein S and tissue plasminogen activator (tPA)which activates the fibrinolytic system [17,
55]. Lupus-specific procoagulant factors include antiphospholipid antibodies. Other lupus-
specific factors include antibodies to factor XII [67], prothrombin [68], and annexin V [69-71].
Antiphospholipid antibodies encompass anticardiolipin antibodies, lupus anticoagulant
(LAC), anti- β-2 glycoprotein-1 antibodies and false positive rapid plasma reagin (RPR) tests.
These antibodies are prevalent in SLE and are pathogenically involved in the thromboses,
accelerated atherosclerosis and fetal demise seen in this population. The prevalence of
antiphospholipid antibodies are common in SLE with anticardiolipin antibodies occurring in
17-86% (vs.1-6% in the general population), and LAC noted in 15-30% (vs. 1-4% in the general
population) [72]. Antiphospholipid antibodies cause vascular thrombosis and fetal loss in SLE
[6, 72-76]. The LAC has a much stronger association with venous thrombosis than anticardio‐
lipin antibodies where the thrombosis risk is directly related to increasing titers of these
antibodies, particularly IGG anticardiolipin antibody titers of medium to high titer [5, 72,
77-78]. Low titers or transient presence of these antibodies generally do not cause thrombosis
[72, 77]. These antibodies bind to phospholipids and protein epitopes found in cardiolipin,
annexin V, prothrombin and β-2 glycoprotein-1 [24]. The antiphospholipid antibodies that
recognize epitopes on β-2 glycoprotein-1 also bind serine proteases involved in hemostasis
and fibrinolysis and hence promote thrombosis [79].

The prothrombotic effect of these antibodies occur via multiple mechanisms including platelet
activation, endothelial cell activation with resultant up regulation of adhesion molecules and
production of thromboxane A2, and stimulation of monocytes to make tissue factor, all of
which promote clotting and vasoconstriction [80-81]. Tissue factor activates the extrinsic
coagulation system while tissue plasminogen activator (tPA) activates fibrinolysis. Tissue
factor pathway inhibitor activity is reduced in SLE and this is associated with increased levels
of tissue factor and subsequent hypercoagulability [82]. Antiphospholipid antibodies bind to
components of the coagulation cascade and activate the coagulation system leading to a
procoagulant state along with decreased fibrinolysis via reducing activity of tPA [79-81].

Thrombosis and fetal loss in SLE share the same pathogenic pathways, and the mechanisms
by which antiphospholipid antibodies cause fetal loss and thrombosis are complex and varied.
They include target antigens in the coagulation, endothelial and immune systems summarized
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by Tripodi, et al, as follows [83]: 1.) inhibiting the protein C axis (targets- protein C, protein S,
thrombomodulin, activated protein C ((APC) resistance, endothelial protein C receptor, 2.)
increasing thrombin generation (targets- prothrombin, microparticles, tissue factor pathway
inhibitor, protein Z, Factor XI, Factor XII, heparin cofactor II), 3.), disruption of the protective
shield (target-annexin A5), 4.), decreasing fibrinolysis (targets-tPA, Annexin A2, β-2 glyco‐
protein-1 cleavage), 5.), altering complement levels (targets-C3, C5a, membrane attack
complex, 6.) increasing platelet adhesion (target- Von Willebrand factor) and activation
(targets-low density lipoprotein receptor 8, glycoprotein 1b, platelet factor 4, thromboxane A2,
7.) activation of endothelial cells (targets-Toll like receptor 4, tissue factor, prostacyclin, nitric
oxide), 8.) activation of monocytes (target-tissue factor), 9.) activation of neutrophils (target-
tissue factor), 10.) trophoblast activation (target-growth factor binding), 11.) angiogenesis
(target- vascular endothelial growth factor, basic fibroblast growth factor), and 12.) increased
atherosclerosis ( target-oxidized LDL) [83-84]. In fact, β-2 glycoprotein-1 binds to oxidized LDL
to form atherogenic complexes as discussed above. These complexes have been detected in
patients with autoimmune disease and promote macrophage uptake and subsequent athero‐
sclerosis [85].

4. Laboratory diagnosis

Laboratory diagnosis of hypercoagulability in lupus is complex and depends on where the
patient is in the disease process. In general, more than basic tests are needed to cover the full
range of possibly disrupted clotting mechanisms and this includes testing for lupus specific
antiphospholipid antibodies and other hemostatic markers of coagulation. The lupus-specific
antibodies include lupus anticoagulant, anticardiolipin antibodies, and anti β-2 glycoprotein-1
antibodies. These antiphospholipid antibodies are a heterogeneous group of antibodies
identified by various laboratory tests all of which have some problems with standardization,
specificity, interpretation and quality control [86-89]. The target antigens for these antibodies
include prothrombin, negatively charged phospholipids (such as phosphatidic acid, phos‐
phatidylinositol and phophatidyl serine), protein C, protein S, Annexin V, β-2 glycoprotein-1,
thrombomodulin, factor XII, platelet adhesive receptor glycoprotein GP 1b ( which binds Von
Willebrand factor) and other factors mentioned above [81, 86-90]. Anticardiolipin antibodies
are directed against a protein known as β-2 glycoprotein-1, which binds anionic phospholipids
[86-87]. Lupus anticoagulants encompass a heterogeneous group of antibodies that bind
negatively charged phospholipids. The assay for LAC is a functional assay which measures
the activity of these antibodies [84]. Anticardiolipin antibodies bind directly to cardiolipin as
well as β-2 glycoprotein-1 bound to cardiolipin, and are generally detected by enzyme-linked
immunosorbent assay or ELISA [69]. A subgroup of these anticardiolipin antibodies bind β-2
glycoprotein-1, and it is these anticardiolipin antibodies that are pathogenic for thrombosis.
β-2 glycoprotein-1 is a glycoprotein found on many cells including endothelial cells, astrocytes,
neurons, extravillous cytotrophoblasts, and syncytiotrophoblast cells of the placenta [84]. β-2
glycoprotein-1 has five domains of which domain V binds anionic phospholipids. Antibodies
to domain I seem to be the most important domain related to thrombosis [84, 87]. The anti β-2

Pregnancy Thrombophilia - The Unsuspected Risk110

glycoprotein-1 antibodies are considered a “cofactor” for anticardiolipin antibody activity but
are essentially a more specific assay for evaluation of clinically relevant prothrombotic
antiphospholipid antibodies [87].

Detection of these antiphospholipid antibodies by current testing is problematic due to
variable performance in different laboratories as well as difficulty of standardization [83,
86-87]. The recommended method for detecting lupus anticoagulant is a functional assay and
involves a 3 step process: 1) Screening via dilute Russel viper venom time or dRVVT and
activated partial thromboplastin time or APTT, and if results are above normal (i.e., prolonged
dRVVT or APTT) proceed to 2.) Mixing 1:1 of patient: pooled normal plasma and repeat testing.
If results show that the clotting time (dRVVT and APPT) is still prolonged (i.e., not corrected),
then proceed to 3.) Confirmatory step, which is to repeat testing with excess phospholipids.
LAC is present if the confirmatory step shows correction of the clotting time since the LAC
will bind the excess phospholipids and not the coagulation factors [83]. Anticardiolipin
antibodies and anti β-2 glycoprotein-1 antibodies are both measured by ELISA. For anticar‐
diolipin antibodies, there are specific protocols and guidelines for performing this test with
some disagreement about positivity for cut off values at the lower titers [86-87, 91]. The anti
β-2 glycoprotein-1 antibody tests are also done by ELISA but are more specific than the
anticardiolipin antibody ELISA test, due to having a well-defined antigen (β-2 glycoprotein-1)
for this assay, and is more consistent between different laboratories. [86-87]. It is currently
recommended that all three assays be done for evaluation antiphospholipid antibodies in SLE
and patients classified by number and type of tests positive, with the highest risk for throm‐
bosis being in those with positive for all three tests and particularly with the immunoglobulin
G or IgG isotype [83]. Much work still needs to be done to improve standardization, validity
and consistency of test positivity between laboratories.

Along with the antiphospholipid antibodies discussed above which must be measured in
patients with thrombosis or fetal loss in lupus patients with thrombosis or fetal loss, other
hemostatic markers should be measured to better assess coagulation risk in SLE, i.e., a
coagulation risk laboratory profile. This includes a broad panel of testing to include fibrinogen,
factor VII, factor VIII, tPA, PAI-1, plasminogen activity, Von Willebrand factor activity and
antigen, protein S activity, protein C activity homocysteine, and high sensitivity C-reactive
protein or HSCRP [16]. It is also important to remember that estrogens and pregnancy can
induce protein S deficiency and this may compound pregnancy and hormonal therapy
management in lupus. Homocysteine has been associated with thrombosis in SLE, and should
be measured in lupus patients as part of any hypercoagulable work up [16, 92-94]. Interest‐
ingly, rheological evaluation of SLE patients with and without thrombosis showed no
association of blood viscosity and erythrocyte aggregation with thrombosis [95].

Congenital coagulation factors have been studied in in a limited fashion in SLE. The MTHFR
677 C>T polymorphism is associated with elevated homocysteine. This polymorphism was
found to be homozygous form in 16.7% and heterozygous form in 83.3% of SLE patients tested
and the homozygous form was increased in SLE patients vs. controls [57]. On the other hand,
Factor V Leiden and Prothrombin G20210AS gene polymorphisms were not increased in SLE
patients with thrombosis [64, 94]. These 2 gene polymorphisms are generally seen in Northern
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by Tripodi, et al, as follows [83]: 1.) inhibiting the protein C axis (targets- protein C, protein S,
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antibodies. These antiphospholipid antibodies are a heterogeneous group of antibodies
identified by various laboratory tests all of which have some problems with standardization,
specificity, interpretation and quality control [86-89]. The target antigens for these antibodies
include prothrombin, negatively charged phospholipids (such as phosphatidic acid, phos‐
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thrombomodulin, factor XII, platelet adhesive receptor glycoprotein GP 1b ( which binds Von
Willebrand factor) and other factors mentioned above [81, 86-90]. Anticardiolipin antibodies
are directed against a protein known as β-2 glycoprotein-1, which binds anionic phospholipids
[86-87]. Lupus anticoagulants encompass a heterogeneous group of antibodies that bind
negatively charged phospholipids. The assay for LAC is a functional assay which measures
the activity of these antibodies [84]. Anticardiolipin antibodies bind directly to cardiolipin as
well as β-2 glycoprotein-1 bound to cardiolipin, and are generally detected by enzyme-linked
immunosorbent assay or ELISA [69]. A subgroup of these anticardiolipin antibodies bind β-2
glycoprotein-1, and it is these anticardiolipin antibodies that are pathogenic for thrombosis.
β-2 glycoprotein-1 is a glycoprotein found on many cells including endothelial cells, astrocytes,
neurons, extravillous cytotrophoblasts, and syncytiotrophoblast cells of the placenta [84]. β-2
glycoprotein-1 has five domains of which domain V binds anionic phospholipids. Antibodies
to domain I seem to be the most important domain related to thrombosis [84, 87]. The anti β-2
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glycoprotein-1 antibodies are considered a “cofactor” for anticardiolipin antibody activity but
are essentially a more specific assay for evaluation of clinically relevant prothrombotic
antiphospholipid antibodies [87].

Detection of these antiphospholipid antibodies by current testing is problematic due to
variable performance in different laboratories as well as difficulty of standardization [83,
86-87]. The recommended method for detecting lupus anticoagulant is a functional assay and
involves a 3 step process: 1) Screening via dilute Russel viper venom time or dRVVT and
activated partial thromboplastin time or APTT, and if results are above normal (i.e., prolonged
dRVVT or APTT) proceed to 2.) Mixing 1:1 of patient: pooled normal plasma and repeat testing.
If results show that the clotting time (dRVVT and APPT) is still prolonged (i.e., not corrected),
then proceed to 3.) Confirmatory step, which is to repeat testing with excess phospholipids.
LAC is present if the confirmatory step shows correction of the clotting time since the LAC
will bind the excess phospholipids and not the coagulation factors [83]. Anticardiolipin
antibodies and anti β-2 glycoprotein-1 antibodies are both measured by ELISA. For anticar‐
diolipin antibodies, there are specific protocols and guidelines for performing this test with
some disagreement about positivity for cut off values at the lower titers [86-87, 91]. The anti
β-2 glycoprotein-1 antibody tests are also done by ELISA but are more specific than the
anticardiolipin antibody ELISA test, due to having a well-defined antigen (β-2 glycoprotein-1)
for this assay, and is more consistent between different laboratories. [86-87]. It is currently
recommended that all three assays be done for evaluation antiphospholipid antibodies in SLE
and patients classified by number and type of tests positive, with the highest risk for throm‐
bosis being in those with positive for all three tests and particularly with the immunoglobulin
G or IgG isotype [83]. Much work still needs to be done to improve standardization, validity
and consistency of test positivity between laboratories.

Along with the antiphospholipid antibodies discussed above which must be measured in
patients with thrombosis or fetal loss in lupus patients with thrombosis or fetal loss, other
hemostatic markers should be measured to better assess coagulation risk in SLE, i.e., a
coagulation risk laboratory profile. This includes a broad panel of testing to include fibrinogen,
factor VII, factor VIII, tPA, PAI-1, plasminogen activity, Von Willebrand factor activity and
antigen, protein S activity, protein C activity homocysteine, and high sensitivity C-reactive
protein or HSCRP [16]. It is also important to remember that estrogens and pregnancy can
induce protein S deficiency and this may compound pregnancy and hormonal therapy
management in lupus. Homocysteine has been associated with thrombosis in SLE, and should
be measured in lupus patients as part of any hypercoagulable work up [16, 92-94]. Interest‐
ingly, rheological evaluation of SLE patients with and without thrombosis showed no
association of blood viscosity and erythrocyte aggregation with thrombosis [95].

Congenital coagulation factors have been studied in in a limited fashion in SLE. The MTHFR
677 C>T polymorphism is associated with elevated homocysteine. This polymorphism was
found to be homozygous form in 16.7% and heterozygous form in 83.3% of SLE patients tested
and the homozygous form was increased in SLE patients vs. controls [57]. On the other hand,
Factor V Leiden and Prothrombin G20210AS gene polymorphisms were not increased in SLE
patients with thrombosis [64, 94]. These 2 gene polymorphisms are generally seen in Northern
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European Caucasian populations so it is not surprising that SLE populations, being more
predominantly African American, would not show any increase of these gene types. The
PROFILE cohort study by Kaiser, et al, assessed 33 single nucleotide polymorphisms (SNPs)
in 1,361 predominantly Caucasian SLE patients and found that genetic risk factors for throm‐
bosis in this cohort differed across ethnic groups, and there was an association of venous
thrombosis and SNPs for these genes in whites for Factor V Leiden (OR=2.69, p=0.002), for
MTHFR (OR=1.51, p=0.01), and for fibrinogen gamma (OR=1.49, p=0.02) [96]. Evaluation of
functional polymorphisms of the coagulation Factor II gene, which is associated with elevated
levels and activity of prothrombin and thrombosis, showed an association of one particular
polymorphism (rs313516 G allele) with SLE susceptibility in African Americans and Caucasi‐
ans [97]. Micro-RNAs are non-coding RNAs which function to control gene regulation post
transcription by regulating mRNA translation or stability. One study assessing micro-RNAs
in SLE showed that specific micro-RNAs resulted in increased tissue factor production and
increased procoagulant activity [98]. There is limited data on PAI-1 promoter 4G/5G poly‐
morphisms in SLE. Increased PAI-1 activity is associated with reduced endogenous fibrinolytic
activity and is a risk factor for thrombosis. The 4G/4G genotype for PAI-1 promoter has the
highest levels of PAI-1 activity and hence the highest risk for thrombosis. SLE patients with
the4G/4G genotype were found to have increased carotid atherosclerosis [99]. In addition, SLE
patients with PAI-1 4G/4G homozygosity were at increased risk for glomerular microthrombi
[100]. An additional risk factor for the development of arterial thrombosis in antiphospholipid
antibody syndrome is the presence of the 4G allele of the 4G/5G polymorphism of the PAI-1
gene [101].

5. Platelet function in SLE

Although platelet hyperfunction plays an important role in thrombosis in SLE, it has not been
well studied in this population. There is some evidence that platelet activation occurs in SLE
and is associated with thrombosis [102-105]. Platelet hyperfunction and platelet activation can
be induced by inflammation or antiphospholipid antibodies [106-108]. Antiphospholipid
antibodies have been shown to bind to β-2 glycoprotein-1 -phospholipid complexes on
activated platelet membranes. Sticky platelet syndrome or hyperfunctioning platelets is a well
described autosomal dominant disorder associated with arterial and venous thrombosis and
characterized by hyperaggregable platelets in response to adenosine diphosphate (ADP),
epinephrine or both [109-111]. Hyperaggregable platelets have been described in other
conditions including diabetes, unstable angina, atrial fibrillation, thrombotic strokes, migraine
headaches, retinal artery occlusions, pre-eclampsia, arterial thromboembolism, nephrotic
syndrome and patients in intensive care units [109-111]. This suggests that platelet aggregation
is a response to stress or epinephrine [109-111]. In women with recurrent miscarriages, sticky
platelet syndrome was found in 21% [112]. Enhanced platelet aggregation was noted in non-
lupus patients with venous thromboembolism [113]. It is logical to assume that SLE patients
would have activated platelets and platelet hyperfunction due to stress, inflammation and
antiphospholipid antibody mediated activation. Few studies have assessed platelet function
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in SLE. Platelet activation markers CD 62 and CD 63 are increased in patients with primary
antiphospholipid antibody syndrome, suggesting platelet activation plays an important role
in thrombosis mediated by antiphospholipid antibodies [114]. In vitro platelet activation
measured by flow cytometry using anti CD 62 was augmented by the presence of lupus plasma
samples containing anticardiolipin antibodies and LAC [115]. Persistent activation of platelets
(measured by platelet induced extracellular phosphorylation of plasma proteins) was seen in
lupus patients, particularly those with thrombosis but not in non-SLE patients with DVT [116].
Our study (Dhar, et al) showed that 70% of SLE patients who had a hypercoaguable state had
hyperfunctioning platelets measured by a functional assay [16].

Platelet hypofunction can also occur in SLE and has also not been well studied. Platelet
hypofunction is usually the result of platelet dense granule deficiency and can result in
bleeding and bruising disorders. Prolonged bleeding times suggesting platelet hypofunction
have been described lupus patients who had LAC [117]. Our study (Dhar, et al) showed that
the patients who had bleeding problems had platelet dense granule deficiency as measured
by electron microscopy [16].

6. Approach to patients: Work up and thrombophilia management

6.1. High risk clinical scenarios

Selecting SLE patients for a coagulation assessment is well established for those with a
thrombosis or fetal loss but is not well defined for those who are at risk but have not yet had
an event. Thus, patients who have had an event should clearly be selected for a coagulation
work up. The guidelines for this are the Sydney Clinical Criteria for antiphospholipid antibody
syndrome [118]. This includes any 1.) vascular ( arterial, venous or small vessel) thrombosis
except for superficial thrombosis, 2.) Pregnancy morbidity (one or more unexplained deaths
of a morphologically normal fetus at or beyond 10 weeks of gestation, one or more premature
births of a morphologically normal neonate at or before 34 weeks gestation due to severe pre-
eclampsia, eclampsia or severe placental insufficiency, or three or more unexplained consec‐
utive spontaneous abortions before the 10th week of gestation excluding anatomic or hormonal
abnormalities or maternal/paternal chromosomal causes [118]. However, medical manage‐
ment should advance towards prevention of thrombosis and adverse fetal outcomes and one
should evaluate high risk clinical settings as reason enough for a thrombophilic risk assess‐
ment. These would include pregnancy, pre-estrogen hormone therapy, pre-tamoxifen therapy,
pre-organ transplant, pre- vascular procedure (such as coronary artery stenting), pulmonary
hypertension, nephrotic syndrome, and chronic inflammatory setting, etc. In other words, one
should assess the risk of thrombosis in the clinical situation and assess the multiple hits on that
background. If the clinical setting is high risk for thrombophilia, one should do the coagulation
profile discussed above along with genetics and platelet function studies. Then once this
information is obtained, one should assess the number and degree of procoagulant hits and
determines a treatment plan. This allows fine tuning of treatment while minimizing bleeding
risk. Treatment strategies should be tailored to minimize bleeding complications, reduce
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European Caucasian populations so it is not surprising that SLE populations, being more
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levels and activity of prothrombin and thrombosis, showed an association of one particular
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ans [97]. Micro-RNAs are non-coding RNAs which function to control gene regulation post
transcription by regulating mRNA translation or stability. One study assessing micro-RNAs
in SLE showed that specific micro-RNAs resulted in increased tissue factor production and
increased procoagulant activity [98]. There is limited data on PAI-1 promoter 4G/5G poly‐
morphisms in SLE. Increased PAI-1 activity is associated with reduced endogenous fibrinolytic
activity and is a risk factor for thrombosis. The 4G/4G genotype for PAI-1 promoter has the
highest levels of PAI-1 activity and hence the highest risk for thrombosis. SLE patients with
the4G/4G genotype were found to have increased carotid atherosclerosis [99]. In addition, SLE
patients with PAI-1 4G/4G homozygosity were at increased risk for glomerular microthrombi
[100]. An additional risk factor for the development of arterial thrombosis in antiphospholipid
antibody syndrome is the presence of the 4G allele of the 4G/5G polymorphism of the PAI-1
gene [101].

5. Platelet function in SLE

Although platelet hyperfunction plays an important role in thrombosis in SLE, it has not been
well studied in this population. There is some evidence that platelet activation occurs in SLE
and is associated with thrombosis [102-105]. Platelet hyperfunction and platelet activation can
be induced by inflammation or antiphospholipid antibodies [106-108]. Antiphospholipid
antibodies have been shown to bind to β-2 glycoprotein-1 -phospholipid complexes on
activated platelet membranes. Sticky platelet syndrome or hyperfunctioning platelets is a well
described autosomal dominant disorder associated with arterial and venous thrombosis and
characterized by hyperaggregable platelets in response to adenosine diphosphate (ADP),
epinephrine or both [109-111]. Hyperaggregable platelets have been described in other
conditions including diabetes, unstable angina, atrial fibrillation, thrombotic strokes, migraine
headaches, retinal artery occlusions, pre-eclampsia, arterial thromboembolism, nephrotic
syndrome and patients in intensive care units [109-111]. This suggests that platelet aggregation
is a response to stress or epinephrine [109-111]. In women with recurrent miscarriages, sticky
platelet syndrome was found in 21% [112]. Enhanced platelet aggregation was noted in non-
lupus patients with venous thromboembolism [113]. It is logical to assume that SLE patients
would have activated platelets and platelet hyperfunction due to stress, inflammation and
antiphospholipid antibody mediated activation. Few studies have assessed platelet function
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in SLE. Platelet activation markers CD 62 and CD 63 are increased in patients with primary
antiphospholipid antibody syndrome, suggesting platelet activation plays an important role
in thrombosis mediated by antiphospholipid antibodies [114]. In vitro platelet activation
measured by flow cytometry using anti CD 62 was augmented by the presence of lupus plasma
samples containing anticardiolipin antibodies and LAC [115]. Persistent activation of platelets
(measured by platelet induced extracellular phosphorylation of plasma proteins) was seen in
lupus patients, particularly those with thrombosis but not in non-SLE patients with DVT [116].
Our study (Dhar, et al) showed that 70% of SLE patients who had a hypercoaguable state had
hyperfunctioning platelets measured by a functional assay [16].

Platelet hypofunction can also occur in SLE and has also not been well studied. Platelet
hypofunction is usually the result of platelet dense granule deficiency and can result in
bleeding and bruising disorders. Prolonged bleeding times suggesting platelet hypofunction
have been described lupus patients who had LAC [117]. Our study (Dhar, et al) showed that
the patients who had bleeding problems had platelet dense granule deficiency as measured
by electron microscopy [16].

6. Approach to patients: Work up and thrombophilia management

6.1. High risk clinical scenarios

Selecting SLE patients for a coagulation assessment is well established for those with a
thrombosis or fetal loss but is not well defined for those who are at risk but have not yet had
an event. Thus, patients who have had an event should clearly be selected for a coagulation
work up. The guidelines for this are the Sydney Clinical Criteria for antiphospholipid antibody
syndrome [118]. This includes any 1.) vascular ( arterial, venous or small vessel) thrombosis
except for superficial thrombosis, 2.) Pregnancy morbidity (one or more unexplained deaths
of a morphologically normal fetus at or beyond 10 weeks of gestation, one or more premature
births of a morphologically normal neonate at or before 34 weeks gestation due to severe pre-
eclampsia, eclampsia or severe placental insufficiency, or three or more unexplained consec‐
utive spontaneous abortions before the 10th week of gestation excluding anatomic or hormonal
abnormalities or maternal/paternal chromosomal causes [118]. However, medical manage‐
ment should advance towards prevention of thrombosis and adverse fetal outcomes and one
should evaluate high risk clinical settings as reason enough for a thrombophilic risk assess‐
ment. These would include pregnancy, pre-estrogen hormone therapy, pre-tamoxifen therapy,
pre-organ transplant, pre- vascular procedure (such as coronary artery stenting), pulmonary
hypertension, nephrotic syndrome, and chronic inflammatory setting, etc. In other words, one
should assess the risk of thrombosis in the clinical situation and assess the multiple hits on that
background. If the clinical setting is high risk for thrombophilia, one should do the coagulation
profile discussed above along with genetics and platelet function studies. Then once this
information is obtained, one should assess the number and degree of procoagulant hits and
determines a treatment plan. This allows fine tuning of treatment while minimizing bleeding
risk. Treatment strategies should be tailored to minimize bleeding complications, reduce
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recurrence of thrombosis, reduce intrauterine fetal demise, and simplify monitoring. Another
complicating issue for thrombophilia management is that SLE patients frequently have mixed
disorders with both prothrombotic and bleeding tendencies. Thus, when ordering a laboratory
work up, an extensive battery of tests is needed to most accurately define the coagulation
status. Unfortunately, since these factor abnormalities are independent of each other for the
most part, there is no way to truncate the testing to an algorithm. However, as much infor‐
mation as possible should be obtained to determine the procoagulant and anticoagulant factors
that would increase the risk for thrombosis and decide on optimal treatment.

6.2. Thromboprophylaxis for hypercoagulable states

For those SLE patients with hypercoagulability who have not had a thrombosis, treatment
options for hypercoagulability in lupus consist of thromboprophylaxis for acute high risk
situations, chronic prophylaxis for thrombosis prevention, and full dose anticoagulation
therapy. Thromboprophylaxis for patients without any history of thrombosis and presence of
antiphospholipid antibodies is controversial. However, evaluating thrombosis risk by
assessing the multiple hits with a full thrombophilia profile would provide more support for
deciding on intensity and type of thromboprophylactic treatment. High risk settings for which
acute/short term thromboprophylaxis is indicated for antiphospholipid antibody positive
patients would include surgery, ovarian stimulation or other short term hormonal therapy,
pregnancy, vascular procedures, lupus flares, infections, and prolonged immobilization [119].
In pregnant SLE patients positive for lupus anticoagulant, it is recommended that low dose
molecular weight or unfractionated heparin be used during pregnancy since neiher cross the
placenta [19]. It is not recommended to treat thrombophilia in pregnant SLE patients who are
positive for anti cardiolipin antibodies or lupus anticoagulant with corticosteroids since only
anticoagulation has been shown to be of proven benefit in preventing thrombosis and fetal
loss [19]. Corticosteroids have no benefit in preventing thrombotic complications in this setting
and should only be used if any active lupus disease is present [19]. In addition, there is no role
for prophylactic corticosteroids in patients who have no active lupus disease. Corticosteroids
are relatively safe to use during pregnancy from a fetal standpoint, since the placenta metab‐
olizes 90 % of non-flourinated corticosteroids. However, corticosteroids increase maternal
complications such as hypertension and gestational diabetes [19]. Appropriate settings for
chronic thromboprophylaxis would include those patients with persistent medium to high
titers of anticardiolipin antibodies, those with triple antiphospholipid antibody positivity
(+LAC, +anticardiolipin antibody, and +anti β-2 glycoprotein-1 antibody), and those with
multiple hits on a background of high risk clinical settings such as, long term hormonal
therapy, nephrotic syndrome, cardiovascular disease, and history of obstetric antiphospholi‐
pid antibody related events [119]. Both platelet function and the balance of procoagulant and
anticoagulant factors should be assessed. Low dose aspirin therapy for prophylaxis is recom‐
mended by the Task Force at the 13th International congress on Antiphospholipid Antibodies
for these aforementioned situations along with lifestyle changes and is commonly accepted as
standard treatment by many [120-121]. In SLE patients with antiphospholipid antibodies, the
task force recommends both low dose aspirin and hydroxychloroquine [120]. In pregnant SLE
patients with antiphospholipid antibodies only and no previous history of pregnancy loss, low
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dose aspirin is recommended [122]. If platelet hyperfunction is present, low dose aspirin is
indicated. If hyperhomocysteinemia is present, folic acid and B complex should be used to
lower homocysteine levels to below 10 µmoles/liter. However, if other high risk situations are
identified in which thrombosis is likely, such as very low protein S activity, then anticoagula‐
tion with warfarin or low molecular weight heparin is indicated.

6.3. Treatment of hypercoagulable states with prior vascular thrombosis

For those SLE patients with antiphospholipid antibodies and hypercoagulablity who have had
an arterial or venous thrombosis full dose anticoagulation is recommended with unfractio‐
nated or low molecular weight heparin (e.g., enoxaparin, dalteparin), fondaparinux (a
synthetic of the minimal anti thrombin binding sequence of heparin), vitamin K antagonists
(e.g., warfarin), direct thrombin inhibitors (e.g., dabigatran), or direct factor Xa inhibitors (e.g.,
rivaroxaban) [83, 123]. For acute arterial or venous thrombosis, treatment consists of an initial
course of unfractionated or low molecular weight heparin followed by indefinite long term
treatment with warfarin to keep the international normalized ration or INR between 2.0-3.0,
heparin- type drugs, or more recently, one of the newer thrombin or factor Xa inhibitors. For
arterial thrombosis (stroke, myocardial infarction), addition of antiplatelet agents (low dose
aspirin, clopidogrel 75 mg) may be helpful, particularly if platelet hyperfunction is present [16,
83]. The disadvantage of using warfarin is the difficulty of maintaining the correct therapeutic
INR range and frequency of INR testing that must be done, which is inconvenient to the patient.
The disadvantage of the heparin- type drugs is that the patient must administer self-injections
daily. The heparin- type drugs do have one advantage in that coagulation lab monitoring is
unnecessary. The newer thrombin or factor Xa inhibitor drugs have the dual advantage of
being an oral medication and not requiring laboratory anticoagulation monitoring. For
catastrophic antiphospholipid antibody syndrome, which has a high mortality rate, treatment
with plasma exchange, high dose corticosteroids, intavenous immunoglobulins and anticoa‐
gulation is recommended [124].

6.4. Pregnancy

SLE pregnancies should be considered high risk and must be managed in a multidisciplinary
setting to address three problem areas: hypertensive pregnancy complications, lupus disease
activity and thrombophilia [19]. Pregnancy is a hypercoagulable state which is worsened by
the inflammation of active lupus disease. Pregnancy outcomes are worse with active lupus,
particularly nephritis and active central nervous system (CNS) disease. Thus, it is recom‐
mended that patients with SLE have planned pregnancies and not attempt conception until
the disease has been in remission for the preceeding 6 months [19]. Pregnancies that occur
during active lupus or in patients with a history of severe major organ involvement such as
nephritis or CNS disease are higher risk for poor fetal outcomes and maternal complication
[19].Patients with mild disease generally have good pregnancy outcomes. For those pregnant
SLE patients with no prior pregnancy loss or previous vascular thrombosis who have anti
phospholipid antibodies, it is recommended that prophylaxis with low dose aspirin be used
[125]. However if there are multiple hits such as triple antiphospholipid antibody positivity,
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recurrence of thrombosis, reduce intrauterine fetal demise, and simplify monitoring. Another
complicating issue for thrombophilia management is that SLE patients frequently have mixed
disorders with both prothrombotic and bleeding tendencies. Thus, when ordering a laboratory
work up, an extensive battery of tests is needed to most accurately define the coagulation
status. Unfortunately, since these factor abnormalities are independent of each other for the
most part, there is no way to truncate the testing to an algorithm. However, as much infor‐
mation as possible should be obtained to determine the procoagulant and anticoagulant factors
that would increase the risk for thrombosis and decide on optimal treatment.

6.2. Thromboprophylaxis for hypercoagulable states

For those SLE patients with hypercoagulability who have not had a thrombosis, treatment
options for hypercoagulability in lupus consist of thromboprophylaxis for acute high risk
situations, chronic prophylaxis for thrombosis prevention, and full dose anticoagulation
therapy. Thromboprophylaxis for patients without any history of thrombosis and presence of
antiphospholipid antibodies is controversial. However, evaluating thrombosis risk by
assessing the multiple hits with a full thrombophilia profile would provide more support for
deciding on intensity and type of thromboprophylactic treatment. High risk settings for which
acute/short term thromboprophylaxis is indicated for antiphospholipid antibody positive
patients would include surgery, ovarian stimulation or other short term hormonal therapy,
pregnancy, vascular procedures, lupus flares, infections, and prolonged immobilization [119].
In pregnant SLE patients positive for lupus anticoagulant, it is recommended that low dose
molecular weight or unfractionated heparin be used during pregnancy since neiher cross the
placenta [19]. It is not recommended to treat thrombophilia in pregnant SLE patients who are
positive for anti cardiolipin antibodies or lupus anticoagulant with corticosteroids since only
anticoagulation has been shown to be of proven benefit in preventing thrombosis and fetal
loss [19]. Corticosteroids have no benefit in preventing thrombotic complications in this setting
and should only be used if any active lupus disease is present [19]. In addition, there is no role
for prophylactic corticosteroids in patients who have no active lupus disease. Corticosteroids
are relatively safe to use during pregnancy from a fetal standpoint, since the placenta metab‐
olizes 90 % of non-flourinated corticosteroids. However, corticosteroids increase maternal
complications such as hypertension and gestational diabetes [19]. Appropriate settings for
chronic thromboprophylaxis would include those patients with persistent medium to high
titers of anticardiolipin antibodies, those with triple antiphospholipid antibody positivity
(+LAC, +anticardiolipin antibody, and +anti β-2 glycoprotein-1 antibody), and those with
multiple hits on a background of high risk clinical settings such as, long term hormonal
therapy, nephrotic syndrome, cardiovascular disease, and history of obstetric antiphospholi‐
pid antibody related events [119]. Both platelet function and the balance of procoagulant and
anticoagulant factors should be assessed. Low dose aspirin therapy for prophylaxis is recom‐
mended by the Task Force at the 13th International congress on Antiphospholipid Antibodies
for these aforementioned situations along with lifestyle changes and is commonly accepted as
standard treatment by many [120-121]. In SLE patients with antiphospholipid antibodies, the
task force recommends both low dose aspirin and hydroxychloroquine [120]. In pregnant SLE
patients with antiphospholipid antibodies only and no previous history of pregnancy loss, low
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dose aspirin is recommended [122]. If platelet hyperfunction is present, low dose aspirin is
indicated. If hyperhomocysteinemia is present, folic acid and B complex should be used to
lower homocysteine levels to below 10 µmoles/liter. However, if other high risk situations are
identified in which thrombosis is likely, such as very low protein S activity, then anticoagula‐
tion with warfarin or low molecular weight heparin is indicated.

6.3. Treatment of hypercoagulable states with prior vascular thrombosis

For those SLE patients with antiphospholipid antibodies and hypercoagulablity who have had
an arterial or venous thrombosis full dose anticoagulation is recommended with unfractio‐
nated or low molecular weight heparin (e.g., enoxaparin, dalteparin), fondaparinux (a
synthetic of the minimal anti thrombin binding sequence of heparin), vitamin K antagonists
(e.g., warfarin), direct thrombin inhibitors (e.g., dabigatran), or direct factor Xa inhibitors (e.g.,
rivaroxaban) [83, 123]. For acute arterial or venous thrombosis, treatment consists of an initial
course of unfractionated or low molecular weight heparin followed by indefinite long term
treatment with warfarin to keep the international normalized ration or INR between 2.0-3.0,
heparin- type drugs, or more recently, one of the newer thrombin or factor Xa inhibitors. For
arterial thrombosis (stroke, myocardial infarction), addition of antiplatelet agents (low dose
aspirin, clopidogrel 75 mg) may be helpful, particularly if platelet hyperfunction is present [16,
83]. The disadvantage of using warfarin is the difficulty of maintaining the correct therapeutic
INR range and frequency of INR testing that must be done, which is inconvenient to the patient.
The disadvantage of the heparin- type drugs is that the patient must administer self-injections
daily. The heparin- type drugs do have one advantage in that coagulation lab monitoring is
unnecessary. The newer thrombin or factor Xa inhibitor drugs have the dual advantage of
being an oral medication and not requiring laboratory anticoagulation monitoring. For
catastrophic antiphospholipid antibody syndrome, which has a high mortality rate, treatment
with plasma exchange, high dose corticosteroids, intavenous immunoglobulins and anticoa‐
gulation is recommended [124].

6.4. Pregnancy

SLE pregnancies should be considered high risk and must be managed in a multidisciplinary
setting to address three problem areas: hypertensive pregnancy complications, lupus disease
activity and thrombophilia [19]. Pregnancy is a hypercoagulable state which is worsened by
the inflammation of active lupus disease. Pregnancy outcomes are worse with active lupus,
particularly nephritis and active central nervous system (CNS) disease. Thus, it is recom‐
mended that patients with SLE have planned pregnancies and not attempt conception until
the disease has been in remission for the preceeding 6 months [19]. Pregnancies that occur
during active lupus or in patients with a history of severe major organ involvement such as
nephritis or CNS disease are higher risk for poor fetal outcomes and maternal complication
[19].Patients with mild disease generally have good pregnancy outcomes. For those pregnant
SLE patients with no prior pregnancy loss or previous vascular thrombosis who have anti
phospholipid antibodies, it is recommended that prophylaxis with low dose aspirin be used
[125]. However if there are multiple hits such as triple antiphospholipid antibody positivity,
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low dose aspirin along with prophylactic doses of unfractionated or low molecular weight
heparin be used [125-126]. Pregnancy- induced protein S deficiency can occur in these patients
and when present should be treated with full dose anticoagulation with of unfractionated or
low molecular weight heparin to prevent pregnancy loss. For pregnant SLE patients with
antiphospholipid antibodies, other hypercoagulability factors, and a previous pregnancy loss
or vascular thrombosis, treatment with full dose of unfractionated or low molecular weight
heparin along with dose aspirin is recommended [127-128]. Generally anticoagulation is
interrupted briefly during the delivery period and resumed and continued post- partum until
the protein S levels return to normal and the other coagulation parameters correct. For
antiphospholipid antibody persistence post-partum, continued treatment with daily aspirin
is often used. Although these treatments for pregnant SLE patients are generally accepted,
there is a lack of definitive data from clinical trials to support these accepted regimens [83].

6.5. Adjuvant treatments

Other adjuvant treatments summarized by Mehudi [81] for antiphosphoipid antibodies in SLE
include: 1.) statins (which decrease antiphospholipid antibody mediated thrombosis and
inflammation, 2.)Ritxuamib (which depletes CD 20 B lymphocyte cells involved in antiphos‐
pholipid antibodyl mediated disease), 3.) Hydroxychloroquine (which inhibit platelet aggre‐
gation of antiphospholipid- activated platelets by binding to GPIIbIIIa and by binding β-2
glycoprotein-1 or to target cells), 4.) Specific GPIIbIIIa inhibitors (e.g,abciximb) which bind
and inactivate GPiia IIIb which is upregulated on antiphospholipid antibody activated
platelets, 5.) inhibitors of tissue factor up regulation seen in antiphopholipid antibody
activated endothelial cells (e.g., ACE inhibitors), 6.) anti TNF therapy to block high TNF levels
seen in antiphospholipid antibody positive patients, 7.) blockage of receptors for β-2 glyco‐
protein-1 or antiphospholipid antibodies on target cells [81].

7. Conclusion

It is clear that thrombophilia assessment and management is complex in SLE. The balance of
procoagulant factors, anticoagulant factors and platelet function determine the overall
hypercoagulability risk. Simply testing for antiphospholipid antibodies alone is inadequate
for determining thrombophilia status and risk in SLE. Extended coagulation profile testing
along with genetic evaluation of procoagulant markers and measurements of platelet function
provide more clear and precise information to develop a thrombotic or fetal loss risk assess‐
ment in SLE. This allows for fine tuning of prophylactic or full dose anticoagulation treatment
and may help determine intensity and length of treatment. The overall benefit of this extended
testing is to improve selection of patients to treat, improve management of anticoagulation
therapy, reduce re-thrombosis and fetal loss risk, and minimize treatment complications.
Further research is needed to better elucidate the multiple mechanisms behind hypercoagul‐
ability in lupus with thrombotic risk stratification and subsequent development of more
definitive treatment recommendations.
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interrupted briefly during the delivery period and resumed and continued post- partum until
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antiphospholipid antibody persistence post-partum, continued treatment with daily aspirin
is often used. Although these treatments for pregnant SLE patients are generally accepted,
there is a lack of definitive data from clinical trials to support these accepted regimens [83].

6.5. Adjuvant treatments

Other adjuvant treatments summarized by Mehudi [81] for antiphosphoipid antibodies in SLE
include: 1.) statins (which decrease antiphospholipid antibody mediated thrombosis and
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activated endothelial cells (e.g., ACE inhibitors), 6.) anti TNF therapy to block high TNF levels
seen in antiphospholipid antibody positive patients, 7.) blockage of receptors for β-2 glyco‐
protein-1 or antiphospholipid antibodies on target cells [81].

7. Conclusion

It is clear that thrombophilia assessment and management is complex in SLE. The balance of
procoagulant factors, anticoagulant factors and platelet function determine the overall
hypercoagulability risk. Simply testing for antiphospholipid antibodies alone is inadequate
for determining thrombophilia status and risk in SLE. Extended coagulation profile testing
along with genetic evaluation of procoagulant markers and measurements of platelet function
provide more clear and precise information to develop a thrombotic or fetal loss risk assess‐
ment in SLE. This allows for fine tuning of prophylactic or full dose anticoagulation treatment
and may help determine intensity and length of treatment. The overall benefit of this extended
testing is to improve selection of patients to treat, improve management of anticoagulation
therapy, reduce re-thrombosis and fetal loss risk, and minimize treatment complications.
Further research is needed to better elucidate the multiple mechanisms behind hypercoagul‐
ability in lupus with thrombotic risk stratification and subsequent development of more
definitive treatment recommendations.
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1. Introduction

Assisted reproductive techniques (ART) have become part of the routine care, with a preva‐
lence ranging from 0.1 to 3.9% of all live born children in Europe and an average of 2% in some
parts of the USA [1]. Despite the initial dramatic improvements in success rates and significant
increments in ART uptake, the live birth rate resulting from these techniques has recently
plateaued. Unfortunately a common non successful termination of ART procedures are due
to failure of implantation of high quality graded embryo(s). Implantation failure may recur
and three or more in vitro fertilization (IVF) cycles without pregnancy are usually regarded
as repeated implantation failures (RIF).

Recently after improving embryo culture media and optimizing controlled ovarian hypersti‐
mulation (COH) protocols, the predominant part of IVF cycles results in embryo transfer (ET)
but only about one third [2] of all cycles reach clinically achieved pregnancy. This is evidence
that most embryos failed in an early stage of pregnancy establishment. RIF after IVF proce‐
dures emphasize the clinical importance of this crucial step in ART and forces efforts to
investigate the firm mechanism of implantation and to find approach to increase pregnancy
outcome success.

The implantation of the blastocyst into the endometrium in human pregnancy is a very
complex corresponding signalling process including specific receptors being expressed on
cells surface both on embryo and maternal cells. The specific signalling processes throughout
implantation passed in the similar, although not the same algorithm in the spontaneous cycle
and after IVF embryo transfer. Plenty of factors have been recognized to affect either success,
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parts of the USA [1]. Despite the initial dramatic improvements in success rates and significant
increments in ART uptake, the live birth rate resulting from these techniques has recently
plateaued. Unfortunately a common non successful termination of ART procedures are due
to failure of implantation of high quality graded embryo(s). Implantation failure may recur
and three or more in vitro fertilization (IVF) cycles without pregnancy are usually regarded
as repeated implantation failures (RIF).

Recently after improving embryo culture media and optimizing controlled ovarian hypersti‐
mulation (COH) protocols, the predominant part of IVF cycles results in embryo transfer (ET)
but only about one third [2] of all cycles reach clinically achieved pregnancy. This is evidence
that most embryos failed in an early stage of pregnancy establishment. RIF after IVF proce‐
dures emphasize the clinical importance of this crucial step in ART and forces efforts to
investigate the firm mechanism of implantation and to find approach to increase pregnancy
outcome success.

The implantation of the blastocyst into the endometrium in human pregnancy is a very
complex corresponding signalling process including specific receptors being expressed on
cells surface both on embryo and maternal cells. The specific signalling processes throughout
implantation passed in the similar, although not the same algorithm in the spontaneous cycle
and after IVF embryo transfer. Plenty of factors have been recognized to affect either success,
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or failure rate of IVF embryo transfer. Mother side factors include age, parity, hormonal levels
before stimulation, antral follicles count, endometrial thickness and quality of transformed
endometrium [3, 4]. Embryo grading [5] and place of ET in uterus are other implantation
limiting factors. It turns out that not only endometrium, but also extracellular matrix mole‐
cules, endothelium and blood circulation factors were involved in remodelling of the endo‐
metrium, which is associated with the embryo acceptance process.

A couple of factors [6], having functions in coagulation and fibrinolysis cascades, were found
to be connected with the transformation processes in the endometrium during the implanta‐
tion. In relation with that, the alteration of the function and activity of blood coagulation factors
could influence blastocyst acceptance in the endometrium. One proposed cause for implanta‐
tion failure could be maternal thrombophilias. Thrombophilia was represented as a condition
of hypercoagulable state with variety of causes [7] – inherited defects in coagulation factors,
anticoagulation and fibrinolysis processes. All these coagulation factors changes result in an
increased capacity of blood to form thrombin. The formation of increased thrombin amount,
main factor triggering formation of thrombus, is associated with an increased risk of throm‐
bosis development [8]. The study of inherited thrombophilia impact on implantation failure
is conducive to IVF procedure because of in vitro embryo selection before transfer. Thus a part
of implantation failures due to chromosomal abnormalities [9] of the conceptus have been
eliminated as a cause of negative pregnancy outcome.

In the recent twenty years, a number of heritable disorders predisposing to thrombosis have
been identified. Except the well-known deficiencies in anticoagulation factors – protein C, S
and antithrombin III [10], nowadays, the defects in factor V, factor XIII and factor II of
coagulation and polymorphism in plasminogen activator inhibitor (PAI-1) and platelet
adhesion proteins [11], have been widely discussed The prevalence of inherited thrombophilic
factors in the different populations varies widely from being absent to being found in up to
15% of healthy individuals [12, 13]. In this relation, a discussion of the impact of inherited
thrombophilia should be performed only in the range of corresponding population with well-
known distribution of factors in health individuals.

Thrombophilic defects have been shown to be associated with an increased risk not only of
venous thrombosis but also with fetal loss and gestational complications. Multiple studies [14,
15, 16, 17] have shown that thrombophilias increase the risk of recurrent first- and second-
trimester pregnancy losses through placental bed thrombosis. To date, meta-analyses of
relatively small case–control studies have demonstrated a small but significant increase (OR
1.5–4.0) in embryonic and fetal loss, abruption, intrauterine growth restriction and preeclamp‐
sia in association with inherited thrombophilias [18, 19] Prospective cohort studies have
similarly supported a minor contribution of inherited thrombophilias on perinatal outcomes
[20, 21].

Maternal risk was also increased with increments in the rates of preeclampsia, gestational
diabetes, placenta praevia and the consequent need for Caesarean section. All of these
conditions are being increasingly recognized as having their origins in the first trimester with
abnormal implantation and trophoblast development being the key pathophysiological
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processes. Furthermore, several investigators have also studied the relationship between
thrombophilias and implantation with conflicting results [22, 23, 24]. An additional confusing
fact is that the development of the intervillous space occurs after 10 week of gestation, making
it somewhat difficult to explain implantation failure solely with microthrombosis in decidual
vessels. Current evidence concerning thrombophilias and recurrent IVF failure remains
limited and inconclusive. Therefore, there is need to evaluate the present prominence of the
association of inherited thrombophilia factors with IVF failure not only with thrombotic
changes during the implantation process, but also to examine the possible influence of the
factors on maternal-embryo receptor interaction and the influence on embryo development.

The notion that coagulation disorders may lead to implantation failure has led to the use of
anticoagulants, mainly heparin, during assisted reproduction. The role of heparin in assisted
conception in women with inherited and acquired thrombophilia has been thought classically
to be prevention of thrombosis in relation to implantation and placental development. It is
postulated, potentially, a much wider role for heparin in assisted conception due to its ability
to interact with a wide variety of proteins, which can alter the physiological processes of
implantation and trophoblast development, a process that may be adversely influenced by
assisted conception per se. Although the process of implantation is enigmatic, anticoagulant
therapy is now being examined as a preventative measure for women with a history of
placental-mediated pregnancy complications and many clinics are embarking on the use of
low molecular weight heparins (LMWH), again based on biological plausibility rather than
evidence of efficacy. Despite the heterogeneity of studies, the results suggest a potential
improvement in pregnancy outcomes with anticoagulant therapy.

The approval of the outlined potential of LMWH to alter the molecular processes underpinning
successful implantation is urgently required giving the potential for clinical translation to
increased pregnancy and live birth rate and a reduction in adverse perinatal outcomes for all
women undergoing ART. Important notes discuss the present chapter connected with
appropriate time, type and dose of anticoagulant prophylaxis according to patients’ type and
severity of thrombophilia. This was given after elucidation of the place of inherited thrombo‐
philic factors in implantation process and type and action of some off-label drugs used in
improving ART success.

2. Overview of human embryo implantation stages. Adhesion
glycoproteins and coagulation factors in implantation process

In the middle of the eighties it was found that the implantation is not one-stage process in
primates [25] and is subdivided in a few separate different steps in which many factors both
from the mother and embryo have been involved. Prior to the real implantation and after the
shedding of zona pellucida, the embryo is oriented toward the endometrium. This stage of
implantation was named apposition. During this process, there is no contact between embryo
and endometrial cells. The apposition was followed by an adhesion of the embryo to the
endometrial cells surface. This step was time limited and was performed through cell surface
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receptor communication. In the window of implantation [26] – a short period where it is only
possible to realize the implantation process, both endometrial and embryonic cells express
adhesion molecules and materialize the adhesion. The adhesion molecules are mainly
receptors form the integrin family [27]. Generally, integrins are a group of cell surface adhesion
molecules playing role in allowing cell to cell interaction. Within the endometrium, the
expression of certain integrins changes during the menstrual cycle [28, 29]. Three integrins, in
particular αvβ3, α4β1 and α1β1, are thought to play a vital role in the implantation. αvβ3 is
the integrin which amount changes most prominently during the implantation window.
Heterodimer αvβ3 consists of two subunits αv and β3, which execute different functions. β3
subunit is connected with receptor-to-receptor interaction: the subunit recognizes the extrac‐
ellular matrix ligand osteopontin, which is a protein ligand expressed by the endometrium
during the window of implantation. The interaction between integrin αvβ3 on endometrial
and embryonic cell surface with ostepontin actually realize first cell-to-cell contact – embryo
adhesion [30]. The expression of the intact heterodimer αvβ3 is rate-limited by the production
of the β3 subunit, which is regulated directly by the transcription factors. β3 subunit also is a
part of other integrins. One of them is αIIbβ3 integrin, involved in the process of platelet
aggregation [31]. One common polymorphism in the gene sequence of β3 subunit (1567 T>C)
was found to increase the subunit affinity to ligands and could influence the platelet interac‐
tion, as well as the adhesion process during implantation.

The last and the most extended and complex process during implantation is the trophoblast
invasion within endometrium. The trophoblast invasion requires plenty of up- and down-
regulation of many factors both from mother and embryo, which results in degradation of
decidua extracellular matrix (ECM) and subsequently endometrium and myometrium vessels
invasion. The initial invasion of the throphoblast into the decidua requires the up-regulation
of proteases (especially matrix metalloproteinases - MMP) to degrade the ECM. The enzyme
activity of migration-behaviour part of cytotrophoblast – extravillous cytotrophoblast (EVT),
is controlled by urokinase plasminogen activator (uPA) [32]. uPA is able to activate matrix
metalloproteinases (MMPs), produced by EVTs. In vitro studies have shown that after
activation by uPA the migrating trophoblast up-regulates MMP2 [33], MMP3, MMP9 [34] and
cathepsins [35]. Plasminogen activator inhibitor-1 (PAI-1) is a primary uPA regulator that
inhibits uPA by forming a covalent complex, thus controlling the thrombotic/fibrinolytic
process [36]. In addition, through its binding to the ECM, PAI-1 regulates cell adhesion and
migration by interfering with the binding between cellular integrins or uPA receptor (uPAR)
and vitronectin. A 2675 4G/5G sequence polymorphism in the PAI-1 gene promoter has been
correlated with increased levels of plasma PAI-1 [37]. The carrier status for 4G4G phenotype
results in higher activity than the 5G allele, because in addition to the binding site for the
transcriptional activator, the latter also contains a binding site for a transcriptional repressor.
In the presence of 4G allele and the absence of bound repressor, the basal level of PAI-1
transcription is increased [38]. The 4G allele of PAI-1 has been recently linked to venous
thromboembolism [39] and coronary disease [37], however relation with recurrent pregnancy
loss and implantation failure is under discussion.
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After the initial invasion into decidua, EVT gains endometrial vessels and breaches their wall
allowing first contact of embryo cells with maternal blood [40]. During this deep invasion step,
EVT opened and remodelled spiral arteries and arterioles to produce high-conductance
vessels, necessary for the further developing fetus. The haemostasis into decidua during vessel
invasion was ensured by up-regulation of tissue factor (TF) and activation of extrinsic
coagulation cascade, and simultaneously increased PAI-1 activity [41]. The result of increased
TF activity is generation of thrombin. In cases of increased thrombin production, such as in
inherited thrombophilias conditions, the decidual cells produced anti-angiogenic soluble fms-
like tyrosine kinase-1 factor (sFlt-1), which inhibits enzymes related with EVT invasion [41].
Insufficient shallow invasion of ECT into decidua results in incomplete vascular transforma‐
tion and underperfused embryonic cells, which could lead to early pregnancy loss. Inherited
changes in coagulation factors increased the amount of plasma and local thrombin. The most
discussed are Factor V Leiden and 20210 G>A substitution in prothormbin gene. The pro‐
thrombin (FII) mutation involves guanine-to-adenine transition at nucleotide position in the
3’-untranslated region of the prothrombin gene. The mutation 20210 G>A is associated with
both increased plasma concentration of prothrombin, and an increased risk of thrombosis [42].
Factor V Leiden (FVL) represents an altered Factor V (FV) of coagulation proteins, due to
substitution of adenine for guanine at nucleotide position 1691 (1691 G>A) in exon 10 of the
factor’s gene. As a result of the mutation, circulating half time of life of FV is increased
dramatically. This has been represented with permanently increased risk for blood clotting
formation. This two inherited thrombophilic factors have had still debatable role in increasing
the risk for late, as well as early recurrent pregnancy loss.

In the preimplantation period and during the decidual invasion of EVT, simultaneous cell
division processes have passed in the embryo. Cell division and differentiation have been
connected with continuous changes (activation and inactivation) in gene activity. One
fundamental process to regulation of mammalian gene activity is methylation status of the
genome [43]. The gene methylation is critical precisely to early embryonic development [44].
Methylation of DNA parts, responsible for gene activity, was realized by donor chemical
compounds, such as S-adenosylmethionine (SAM). Methyl groups, passed from folic acid
through a series of enzymes, contribute to the production of SAM. As such, folic acid is
indispensable for embryonic development [45]. An enzyme critical to the folic acid pathway
is methylenetetrahydrofolate reductase (MTHFR). Deficiencies of folic acid or defects in
MTHFR have demonstrated DNA hypomethylation and abnormal biochemical and pheno‐
typic changes in cell development and interaction [46, 47].

Most common MTHFR inherited gene changes are 677 C>T 1298 A>C single-nucleotide
polymorphisms (SNPs) [48]. Homozygous variant for 677 C>T (genotype TT) creates a
thermolabile enzyme with only 30% of wild-type activity. The decreasing of MTHFR activity
reduces the amount of SAM and thus methylation processes. Low MTHFR activity causes
enzyme block in methionine metabolism and leads to increased homocystein (Hcy) in blood
plasma. Concentration of Hcy more than 15 µmoll/ml was found to be related with increased
thrombosis development, due to endothelial injure and coagulation cascade activation. The
increased plasma Hcy and 677 C>T polymorphism was discussed as a risk factor for arterial
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and venous thrombosis development. The impact on early pregnancy loss and implantation
failure is still disputed point although its role in fertility has not been extensively studied [49,
50, 51]. Another SNP 1298 A>C in MTHFR affects the SAM regulatory domain and has ∼60%
of wild-type activity [52, 53]. The effect of 1298 A>C on MTHFR and thus on SAM metabolism
is not so pronounced as the effect of 677 C>T, and have been discussed as an additional risk
factor in presence of both polymorphisms simultaneously.

3. Diverse influence of thrombophilic factors on implantation and risk for
RIF

3.1. MTHFR polymorphisms and embryo development

Recent studies try to establish a connection between folic acid metabolism, preimplantation
and implantation embryo development. It was shown that folic acid is present in the follicular
fluid. Its supplementation decreases serum and follicular fluid homocysteine levels and is
associated with better quality and more mature oocytes used in IVF procedures [54]. During
maturation oocytes express receptors for folic acid transport protein [55]. This finding enforces
the idea for the crucial role of folate and folate metabolism in the regulation of gene expression
through methylation and demethylation of regulatory parts of the genes using SAM. By
hystopathological investigation some authors have found defective chorionic villous vascu‐
larization [56], as well as significantly smaller median area, perimeter and diameter per
chorionic vascular element [57] in women with elevated total homocystein levels. Fluctuating
data for the prevalence of MTHFR polymorphism in women with repeated IVF failure was
presented supporting these hypotheses. Dobson et al. [50] investigated maternal and paternal
carrier status for 677 C>T and 1298 A>C in MTHFR in 197 couples, who underwent IVF
procedure. They do not found significant impact of both SNPs, although in women with TT
genotype decreased pregnancy rate compared with CT and CC genotype was established
(33.3% compared with 47.7% and 47.9%). The authors do not exclude any other additional
confounding factors concerning IVF failure, such as hyperhomocysteinemia due to alimentary
factors or immunological and/or additional thrombophilic factors. Many other authors
establish fluctuating prevalence of TT genotype among women failed to conceive after IVF/
ICSI: Qublan et al. [24] found 22.2% prevalence of TT genotype. They established this poly‐
morphism as the most common SNP among women with IVF implantation failure. Before that
Martinelli et al. [58] found 19% prevalence of TT genotype evaluating 162 women with failed
IVF/ICSI treatment. Moreover, Azem et al. [59] who investigated 45 women with a history of
four or more failed IVF cycles reported an incidence of 17.8%.

The discrepancy between the reported prevalence could be related with the number of failed
IVF cycles [60] in patient groups, as well as with the selection criteria for the control group of
women. The isolated impact assessment of MTHFR SNPs depends on a variable number of
other investigated thrombophilic factors [22, 23], included in any other study. The ethnic
variability of polymorphisms should be also considered. An important obscured factor for
difficulties in proper evaluation of MTHFR polymorphism impact is the wide spread prophy‐
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lactic prenatal vitamins taking containing high dose folic acid. Alimentary intake of folic acid
masks the suggested roles of MTHFR genotypes on IVF failure. In relation with that a ten-time
increased dose of folic acid supplementation [61, 62,63] was recommended for women
undergoing IVF.

3.2. FII 20210 G>A: Thrombin generation influence on cytotrophoblast invasion

Normal implantation is associated with thrombin-induced fibrin deposition in the absence of
overt bleeding [64]. The excess of fibrin deposition in forming intervillous spaces could have
negative effect on the implantation process. The serine protease thrombin is a key element in
fibrin accumulation [23]. In presence of increased amount of thrombin the decidual cells
produce anti-angiogenic soluble fms-like tyrosine kinase-1 factor, which inhibits enzymes
related with EVT proliferation [41]. Thus in early pregnancy, thrombin may act as an autocrine/
paracrine enhancer of sFlt-1 expression on the decidual cells to promote implantation failure
by interfering with local vascular transformation [64]. The prothrombin role on implantation
was supported by experimental data for reduced infertility due to increased topical concen‐
tration of thrombin in both fallopian tubes, although the mechanism of action of locally
administrated thrombin is undefined [65]. The possible impact of FII 20210 G>A on the
implantation failure is also supported by the found distinct prevalence of FII 20210 G>A and
FVL on early pregnancy loss [66]. In recurrent pregnancy loss before 10 week of gestation was
established a more pronounced prevalence of 20210 G>A mutation compared with FVL. The
slight increase of APC (natural inhibitor of FV) at early pregnancy could explain normal level
of FV activity during the embryonic period (5 to 10 week of gestation) [67]. Indirectly, this
finding could be referred to a high prevalence of 20210 G>A mutation in IVF failure. Some
studies fail to find relation between 20210 G>A mutation and implantation failure. Others
establish weak [23] or strong [24] correlation between 20210 G>A and unsuccessful IVF
attempts. The prevalence of FII 20210 G>A in Caucasian is between 1 and 3% and thus the low
occurrence enforces larger study arrangement to evaluate the factor’s impact on implantation.

3.3. Advantages and disadvantages of FVL during implantation

One of the first and frequently discussed studies concerning IVF failure and presence of
inherited thrombophilia is published by Grandone at al. [68]. The study includes a small
number of women with more than 3 failed IVF attempts (n=18) compared with 216 women
with at least one successful terminated pregnancy. The authors reported significantly higher
occurrence of FVL and FII 20210 G>A in patients comparing with controls, although the
frequency of FVL in health subjects was found relatively low (1.9%) (common occurrence in
Caucasians between 7 and 10% [13]). These authors included in the patients’ group women
with pregnancy loss, which moreover embarrassed the evaluation of the impact of thrombo‐
philic factors on implantation process. After this report, series of consequent papers discussed
the influence of thrombophilia on implantation process, especially after IVF procedure. Some
studies found [23, 24] but others not [58, 69] a relation of FVL and FII 20210 G>A with implan‐
tation failure. The conflicting results show the necessity of large and specific inclusion criteria
fulfilling studies to detect the real connection between the presence of increased thrombin
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and venous thrombosis development. The impact on early pregnancy loss and implantation
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generating factors and implantation outcomes. Interesting diverse outcomes for the prevalence
were found by some authors: a part of them established a relatively lower prevalence of FVL
in women with IVF implantation failure compared with controls [60]; others reported an
increased implantation success after the first IVF attempt in FVL carriers. On this basis the
hypothesis for positive effect of thrombin deposition during trophoblastic invasion was
established. This selective advantage of FVL carriers on implantation was described for the
first time by Gopel et al. [70], who found 90% successful implantation rate after first IVF attempt
in FVL carriers comparing to 49% rate in non-carriers. It should be known that the authors
included both mother and fetus positive FVL genotype. This stand referred to another
discussion concerning the significance of paternal [71] and fetal thrombophilia for early
pregnancy development [72]. Similar results show Martinelli et al. [58] reporting 86% preg‐
nancy rate after first IVF attempt in FVL and FII 20210 G>A carriers compared to 68% preg‐
nancy rate in non-carriers (non-significant difference). Although not all authors [72] share the
proposition, FVL could improve implantation rate in IVF and spontaneous cycles. The
increased implantation rate in FVL carriers could have been balanced by abortions or miscar‐
riages later in pregnancy. The discussions for evolutional advantages and disadvantages of
FVL still remain, probably because there should be some unknown benefits, or the mutation
would have been eradicated from population.

3.4. PAI-1 4G/5G: Hypofibrinolysis and impaired deep cytotrophoblast invasion

During implantation, an accurate balance of coagulation, fibrin deposition and fibrinolysis is
mandatory for trophoblastic invasion. Accumulation of fibrin forces conversion of plasmino‐
gen to plasmin, thus stimulating the process of fibrinolysis. Fibrinolysis is important for
modulation of the extracellular matrix mediated by the plasminogen activation system.
Plasminogen activation facilitates cell migration through targeted proteolysis and local
dissolution of the basement membrane [73] So extended fibrinolysis is crucial for implantation
process. Inhibition of fibrinolysis after increased activity of plasminogen activator inhibitors
such as PAI-1 could impair proper deep trophoblastic invasion. High PAI-1 activity, particu‐
larly due to inherited changes in PAI-1 gene expression, is associated with inhibition of the
conversion of plasminogen to plasmin and subsequent hypofibrinolysis. Hypofibrinolysis as
a result of the 4G allele (especially genotype 4G/4G) of the PAI-1 gene appears to be a possible
risk factor for implantation failure by limiting trophoblastic invasion [74].

A limited number of papers report for a possible negative impact of 4G/4G genotype on
impaired implantation process. Coulam et al. [23], who investigated 42 women with implan‐
tation failure, found a significantly higher prevalence of 4G/4G genotype in patients compared
with controls (respectively 38% and 10%). They also found distinct higher occurrence of 4G
allele in patients vs. controls (74% and 20%, p=0.007). Goodman et al. [22] also found higher
but not significant prevalence of 4G/4G genotype in 73 controls and 70 women experiencing
implantation failure (26% vs. 36%). Some others [75] found similar high prevalence of poly‐
morphisms but they also included women with early pregnancy loss in the study group. The
impact of 4G/5G polymorphism frequently was evaluated in the context of multigenetic carrier
status [23].
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3.5. PL A1/A2 in integrin beta 3 platelet activity and adhesion properties of endometrium

To the best of recently knowledge, a few observations have been published on the possible
association between the platelet integrin polymorphisms and recurrent pregnancy loss
development. The hypothesis for the connection between PL A1/A2 of GP IIb/IIIa and
increased risk of pregnancy loss has been based on the supposition that impairment of platelet
function is related with disturbance in uteroplacental vascular system. Increased platelet
aggregation, as a result of the presence of allele A2 could establish prothrombotic conditions
and increase thrombus formation in intervillous space, leading to poor fetal outcome.

Some recent studies find association between beta 3 integrin and recurrent pregnancy loss [76]
In our pilot study [60] of 67 women with primary sterility and 96 healthy control subjects, we
found a significantly higher prevalence of PL A1/A2 in women with implantation failure after
assisted reproduction technology (ART) in comparison with controls (OR: 2.6, 95% CI: 1.1-6.3,
р=0.033). These data suggest that the carriers of PL A1/A2 are at higher risk of implantation
failure and do not have successful ART outcome. In a separate study [77] we have found more
pronounce prevalence of PL A1/A2 in women with RPL before 10 week of gestation compared
with carriers status in women with late pregnancy loss (after 10 week of gestation) (41.8% vs
29.3%, OR 1.73; 95% CI 0.93 - 3.21, p=0.084). Compared patients’ groups were not FVL and/or
FII 20210 G>A carriers. This finding emphasizes the more probable PL A1/A2 influence on
early than late pregnancy loss. The impact of increased platelet activity on implantation process
is particularly embarrassed, because investigated polymorphism A1/A2 concerns beta3
subunits of platelet integrin alphaIIb/beta3, which is also part of integrin αvβ3, related with
embryo adhesion to endometrium [78]. An in vitro investigation has found that changes in the
peptide structure of beta3 subunit have had influence on the receptor activity to its ligands -
osteopontin and vitronectin [31]. Sajid et al. [31] established that cell lines which expressed
alphaV/beta3 receptor with PL A1/A2 had an enhanced haptotactic migratory response to
vitronectin and osteopontin. As the initiation of fetus adhesion to the endometrium has been
connected mainly with the activity of integrin alphaV/beta3, polymorphism A1/A2 could play
a significant role not only in platelet aggregation, but also in adhesion and endometrium to
embryo interaction during implantation.

The influence of thrombophilic genetic factors in pregnancy outcome after assisted reproduc‐
tion is connected with modification of endometrium adhesion properties and effect on
trophoblastic invasion ability. Independent significance of thrombophilia is hard to evaluate
because of assembled information for many other recently discussed IVF failure risk factors
which are outside the thrombophilic group factors. Apoptosis and cell arrest tumor suppressor
factor p53 [79], inducing angiogenesis vascular endothelial growth factor (VEGF) [80] or
Leukemia inhibitory factor (LIF) [81] are a part of these agents. These factors should be
considered in the impact of thrombophilic factors discussion because the recent approach in
consultation after IVF failure investigations is to identify the combination of defects [80]
instead of one factor that will lead to implantation failure. Moreover, the fetal role in throm‐
bophilia should also be discussed because of established positive polymorphism carrier status
in placental tissue [82]. This finding necessarily includes a role of the father’s genetic pattern
in pregnancy destiny. Nevertheless the beginning of adequate trophoblastic invasion is tightly
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regulated by thrombophilic genetic factors expression. Hence, increased activity of one or more
thrombogenic agents could modify implantation process. To improve pregnancy outcome
after assisted reproduction the type, dose and beginning of effective treatment for imbalances
in expression of haemostatic proteins at the time of implantation needs to be established.

4. LMWH action in implantation beyond anticoagulant effects

The role of heparin in assisted conception in improving outcomes in women with inherited or
acquired thrombophilia has been thought classically to be prevention of thrombosis in relation
to implantation and placental development. But there is, potentially, a much wider role for
heparin in assisted conception due to its ability to interact with a wide variety of proteins which
have been involved in implantation process [83,84]. Heparin’s influence on the physiological
processes of implantation and trophoblast development, due to interaction with this growth
factors and adhesion molecules responsible for embryo adhesion and invasion could influence
the assisted conception entirely. Several lines of evidence from in vivo and in vitro studies
suggest a beneficial effect of heparin on embryo implantation through interactions with several
adhesion molecules, growth factors, cytokines and enzymes such as matrix metalloproteinases
[83]. This finding clarified non-related with coagulation beneficial effect of heparins upon
implantation processes.

L-Selectin. Interaction between adhesion molecules on throphoblast and endometrial cells is
mediated by lectins, termed selectins. Three different selectins have been identified: P-, E- and
L-selectin - which recognize and bind to crucial carbohydrate determinants on selectin ligands.
On the blastocyst side, strong L-selectin staining has been observed over the entire embryo
surface corresponding to oligosaccharide-based ligands on the maternal side which are up-
regulated during the window of implantation [85]. The selectin adhesion system may therefore
constitute an initial step in the implantation process. Heparin may have negative effect on
selectin-mediated cell adhesion. The inhibitory effect is molecular weight dependent: Tinza‐
parin, which is known to have about 22–36% fragments greater than 8 kDA, also significantly
impaired L-selectin binding, while, enoxaparin with 0–18% fragments > 8 kDa did not impact
on L-selectin expression [86] Therefore, care with the choice of LMWH depending form
molecular weight would be required, as the use of UFH or a LMWH with a high contribution
of large fragments could impair selectin expression and implantation.

Glycoproteins. E-cadherin, a glycoprotein connected with cell-to-cell adhesion is expressed
by a variety of tissues including endometrium. The suppression of E-cadherin expression is
associated with disruption of cell-to-cell adhesion and acquisition of invasive growth [87]. E-
cadherin is up-regulated by estradiol via the estrogen receptor beta and down-regulated by
progesterone [88]. Down regulation by increased progesterone levels during luteal phase of
cycle facilitated throphoblast invasion. Heparins, particularly enoxaparin have been shown to
down-regulate decidual E-cadherin expression [89], thereby potentially explaining the
observations that LMWH can promote extravillous trophoblast differentiation
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4.1. Local growth factors

Heparin-binding (HB) epidermal growth factor (EGF)-like growth factor functions as a
mitogen and is potent survival factor during stress [90]. It has been shown that cells expressing
the transmembrane form of HB-EGF adhere to human blastocysts and HB-EGF acts like a
potent growth factor for enhancing embryo development to blastocyst and mediation of
embryo hatching [91]. Separately, in cell culture was found enhanced differentiation and
invasive activity of first trimester trophoblast in presence of HB-EGF. HB-EGF activation is
heparins- dependable and therefore, LMWH may potentiate HB-EGF function [92].

Insulin-like growth factors I (IGF-I) and II (IGF-II) are potent mitogenic and differentiation-
promoting growth factors and are also implicated in implantation and fetal development [93].
Importantly, they have their activity modulated by glucoseaminoglycans, in particular hepains
[94]. Heparin and LMWH increase free IGF-I in a dose-dependent manner and so facilitated
implantation [95].

4.2. Cytokines

Transforming growth factors (TGF) β1 to 3 are expressed both in endometrial and trophoblast
cells, and have been shown to inhibit trophoblast proliferation and invasion [96]. LMWH
inhibits TGF-b1 expression, attenuates collagen and fibronectin deposition and assists
throphoblast invasion [97].

Leukaemia inhibitory factor (LIF), is known to regulate differentiation, proliferation and
survival of various cells in the embryo as well as in the adult. It also has been found to enhance
the blastocyst formation and hatching [98]. To date, no studies have examined the interaction
of LIF and heparin, although the given interactions of HB-EGF and TGF-b1 with heparin,
potential up-regulation of LIF expression is feasible with experimental analysis urgently
required [85].

The presence of Interleukin-1 (IL-1), a pro-inflammatory cytokine in the site of implantation
increases endometrial epithelial cell β3 integrin expression with an improved blastocyst
adhesion [99]. The effect of LMWH on trophoblast or blastocyst IL-1 expression has not been
examined but the found increase of IL-1 expression in activated leukocytes again raising the
possibility that modulation of integrin expression may be possible [100].

Interleukin-11 (IL-11) is another pleiotropic cytokine which functions as a hematopoietic
growth factor and immunoregulator exhibiting anti-inflammatory effects by regulating
immune effector cell function but has additional positive roles in decidualization [101]. The
augmentation of IL-11 signalling and induction by heparin may prove to be beneficial both in
terms of implantation and placental development [102].

IL-6 in addition to its roles as adipokine, which regulates the acute phase response and
haematopoesis, is also implicated in reproduction [103]. The effect of heparin on endometrial
IL-6 production is not known but LMWH stimulates IL-6 production by peripheral blood and
also enoxaparin had identical effects to recombinant IL-6 in reducing embryonic absorption
in a pro-abortive murine model [104].
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throphoblast invasion [97].

Leukaemia inhibitory factor (LIF), is known to regulate differentiation, proliferation and
survival of various cells in the embryo as well as in the adult. It also has been found to enhance
the blastocyst formation and hatching [98]. To date, no studies have examined the interaction
of LIF and heparin, although the given interactions of HB-EGF and TGF-b1 with heparin,
potential up-regulation of LIF expression is feasible with experimental analysis urgently
required [85].

The presence of Interleukin-1 (IL-1), a pro-inflammatory cytokine in the site of implantation
increases endometrial epithelial cell β3 integrin expression with an improved blastocyst
adhesion [99]. The effect of LMWH on trophoblast or blastocyst IL-1 expression has not been
examined but the found increase of IL-1 expression in activated leukocytes again raising the
possibility that modulation of integrin expression may be possible [100].

Interleukin-11 (IL-11) is another pleiotropic cytokine which functions as a hematopoietic
growth factor and immunoregulator exhibiting anti-inflammatory effects by regulating
immune effector cell function but has additional positive roles in decidualization [101]. The
augmentation of IL-11 signalling and induction by heparin may prove to be beneficial both in
terms of implantation and placental development [102].

IL-6 in addition to its roles as adipokine, which regulates the acute phase response and
haematopoesis, is also implicated in reproduction [103]. The effect of heparin on endometrial
IL-6 production is not known but LMWH stimulates IL-6 production by peripheral blood and
also enoxaparin had identical effects to recombinant IL-6 in reducing embryonic absorption
in a pro-abortive murine model [104].
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Granulocyte-macrophage colony-stimulating factor (GM-CSF) stimulates proliferation and
differentiation of myeloid precursors into several cell types, but it is also an important
determinant of pregnancy outcome: the factor actions as an immune-regulatory agent
contributing to maternal immune tolerance of the fetal–placental tissues, and as a trophic
growth and viability factor in preimplantation embryo development and regulation of
placental morphogenesis [105]. LMWH is also capable of binding to GM-CSF [106]. Again
although direct evidence for heparin is lacking, a positive effect on this pathway is possible.

Matrix metalloproteinases (MMPs). MMPs are a family of 22 endopeptidases capable of
degrading all components of the ECM and are important mediators of cell behaviour including
cell–matrix and cell–cell interactions. In vitro studies suggest that successful implantation and
placentation result from the balance between secretion of MMPs from the trophoblast and their
inhibition by their natural antagonist tissue inhibitors [107]. The gene knockout studies in mice
suggest that MMP-9 is critical for implantation [108]. MMP-9 is known to degrade collagen IV,
the main component of the basement membrane, and in conjunction with MMP-2 may enable
the invasion of trophoblast cells through the decidua and into the maternal vasculature [109].
Although divergent effects of heparin on MMPs have been observed, LMWH in therapeutic
doses has been shown to induce trophoblast MMP-2 and MMP-9 transcription and protein
expression. Therefore, LMWH appears capable of improving the invasive capacity of tropho‐
blast cells by regulating MMP degradative capacity [110].

5. Dose and initiation of LMWH therapy in ART according recognized
thrombophilic mutations

5.1. Needs of anticoagulant therapy

No guideline suggests a type of pharmacological non-hormonal support for women who have
experienced several ART failures with or without thrombophilic factors presence. The
possibility that implantation failure depends on hypercoagulability state cannot be ruled out
because of a relatively rare investigation of embryo and male partner thrombophilic status.
But in IVF/ICSI procedures where embryo aneuploidy, thyroid autoimmunity [111] and other
immunological factors [112] are eliminated, and thus high grade embryos are transferred in
highly receptive endometrium, therefore inherited thrombophilia could constitute as a main
etiologic reason in implantation failure. Also insufficient number randomized studies explore
the needs of anticoagulant therapy in RIF and thrombophilia.

The first and last till July 2012 placebo-controlled, randomized trial to evaluate the efficacy of
thromboprophylaxis using enoxaparin 40 mg/day in a cohort of 83 women with a history of
three or more previous IVF failures, who had at least one thrombophilic defect, was published
[113]. Patients who received LMWH for thromboprophylaxis had a significant increase
implantation and pregnancy rates compared with the placebo controls (20.9 vs 6.1% and 31 vs
9.6%, respectively; p < 0.001 and p < 0.05, respectively). A significant increase in the live birth
rate was observed in the heparin-treated group compared with placebo (23.8 vs 2.4%, respec‐
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tively; p <0.01). This study was criticized for its “methodological weakness” and for heparin
being used prior to demonstration of its efficacy in carefully designed randomized controlled
clinical trials [114]. Disadvantages of this study are the availability in the study group of
patients with acquired thrombophilic disorders such as lupus anticoagulant and anticardioli‐
pin antibodies (ACL) which impedes inherited thrombophilia impact evaluation. A weakness
is connected also with the insufficient patients’ number and not symmetrical appearance of
inherited thrombophilic factors among LMWH – treated and non-treated groups.

Some other investigators found a positive impact of LMWH application in women with RIF:
Urman et al. [115] found in a cohort of 150 women with two or more failed assisted reproduc‐
tion treatment cycles, who were randomly assigned to receive 1 mg/kg/day of LMWH or no
treatment from oocyte retrieval to 12th week, implantation rates 24.5 and 19.8% in the LMWH
and control groups, respectively (p = 0.33), and live births 34.7 versus 26.7%, respectively (p =
0.29). These authors tendentiously excluded from investigation groups women with inherited
thrombophilia with intention to avoid possible thrombotic events during implantation process
as a result of thrombophilic factors presence.

An interesting study present Lodigiani et al. [116] who introduce LMWH therapy during the
time of controlled ovarian hyperstimulation and discontinued on the day of β-human cho‐
rionic gonadotrophin application. The authors found an improved outcome of ART in
thrombophilic women used 40 mg enoxaparin daily compared with a control group without
LMWH (25% vs 13.5% pregnancy rate, p-ns). This study indirectly proved the needs for
anticoagulant prophylaxis in thrombophilia presence.

In spite the lack of large randomized trials, an increasing number of clinics embark the use of
LMWH prophylaxis in RIF, particular in inherited thrombophilia cases. American College of
Chest Physicians (ACCP) Evidence-Based Clinical Practice Guidelines (9th edition, 2012) [117]
do not recommend the routine use of LMWH in women with pregnancy complications and
inherited thrombophilia, except for the cases of pregnancy after IVF with severe ovarian
hyperstimulation syndrome (OHSS) where guidelines recommend a 3 months prophylaxis. A
suggestion for the use of prophylactic or intermediate dose LMWH was done only for women
carriers of FVL or FII 20120 G>A in homozygous variant who have a family history for venous
thromboembolism (VTE). For pregnant women with all other thrombophilias, a close follows
up of pregnancy without routine LWMH application has been recommended. The next large
number investigation will display the proper place of heparins in implantation failure escape.
Until then LMWH prophylaxis should be undertaken with caution, knowing the possible side
effects of therapy according to long-term daily treatment. Recommendations for close fallow-
up of women with LMWH application was given to avoid bleeding, skin reactions, and
heparin-induced thrombocytopenia [118]. Osteoporosis and osteoporotic fractures develop‐
ment was reported only in women with therapeutic dose of LMWH, who have taken more
than 30 weeks during pregnancy [119]. All advantages and disadvantages of LMWH prophy‐
laxis should be explicated to women treated with heparins.
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tively; p <0.01). This study was criticized for its “methodological weakness” and for heparin
being used prior to demonstration of its efficacy in carefully designed randomized controlled
clinical trials [114]. Disadvantages of this study are the availability in the study group of
patients with acquired thrombophilic disorders such as lupus anticoagulant and anticardioli‐
pin antibodies (ACL) which impedes inherited thrombophilia impact evaluation. A weakness
is connected also with the insufficient patients’ number and not symmetrical appearance of
inherited thrombophilic factors among LMWH – treated and non-treated groups.

Some other investigators found a positive impact of LMWH application in women with RIF:
Urman et al. [115] found in a cohort of 150 women with two or more failed assisted reproduc‐
tion treatment cycles, who were randomly assigned to receive 1 mg/kg/day of LMWH or no
treatment from oocyte retrieval to 12th week, implantation rates 24.5 and 19.8% in the LMWH
and control groups, respectively (p = 0.33), and live births 34.7 versus 26.7%, respectively (p =
0.29). These authors tendentiously excluded from investigation groups women with inherited
thrombophilia with intention to avoid possible thrombotic events during implantation process
as a result of thrombophilic factors presence.

An interesting study present Lodigiani et al. [116] who introduce LMWH therapy during the
time of controlled ovarian hyperstimulation and discontinued on the day of β-human cho‐
rionic gonadotrophin application. The authors found an improved outcome of ART in
thrombophilic women used 40 mg enoxaparin daily compared with a control group without
LMWH (25% vs 13.5% pregnancy rate, p-ns). This study indirectly proved the needs for
anticoagulant prophylaxis in thrombophilia presence.

In spite the lack of large randomized trials, an increasing number of clinics embark the use of
LMWH prophylaxis in RIF, particular in inherited thrombophilia cases. American College of
Chest Physicians (ACCP) Evidence-Based Clinical Practice Guidelines (9th edition, 2012) [117]
do not recommend the routine use of LMWH in women with pregnancy complications and
inherited thrombophilia, except for the cases of pregnancy after IVF with severe ovarian
hyperstimulation syndrome (OHSS) where guidelines recommend a 3 months prophylaxis. A
suggestion for the use of prophylactic or intermediate dose LMWH was done only for women
carriers of FVL or FII 20120 G>A in homozygous variant who have a family history for venous
thromboembolism (VTE). For pregnant women with all other thrombophilias, a close follows
up of pregnancy without routine LWMH application has been recommended. The next large
number investigation will display the proper place of heparins in implantation failure escape.
Until then LMWH prophylaxis should be undertaken with caution, knowing the possible side
effects of therapy according to long-term daily treatment. Recommendations for close fallow-
up of women with LMWH application was given to avoid bleeding, skin reactions, and
heparin-induced thrombocytopenia [118]. Osteoporosis and osteoporotic fractures develop‐
ment was reported only in women with therapeutic dose of LMWH, who have taken more
than 30 weeks during pregnancy [119]. All advantages and disadvantages of LMWH prophy‐
laxis should be explicated to women treated with heparins.
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5.2. Beginning of LMWH prophylaxis

No consensus concerning initiation of anticoagulant therapy in IVF cycle performance was
established. Some authors start the intervention at 6 weeks of gestation following the confir‐
mation of a viable pregnancy and using postulates for early stage of placenta development
[120]. As was mentioned, another guideline [116] introduces LMWH therapy during the time
of controlled ovarian hyperstimulation, which found improved pregnancy outcome after ART
in women with thrombophilic mutations. If it estimates, according founded LMWH action
during implantation period, the prophylaxis recommended beginning should be later than
embryo transfer day [83, 84].

5.3. Dose regiment of LMWH

When it was referred to VTE events in non-pregnant populations, weight-based LMWH
dosage regimens provide effective treatment of acute VTE without the need to monitor anti-
Xa levels. In pregnancy, the volume of distribution and renal clearance increases, leading to a
lower peak and shorter duration of anti-Xa activity, but with continued use the anti-Xa activity
can become prolonged [121] Therapeutic doses after ART may be indicated during pregnancy
in women who present with acute VTE, those at high risk of recurrent thromboembolism and
women with major cardiac disease at risk of arterial embolism [122]. The therapeutic dose is
1 mg/ kg enoxaparin twice daily. The dose was based on their weight at presentation, rounded
to the nearest 10 kg, and was not adjusted as the woman’s weight increased during pregnancy.
In other cases a prophylactic dose of enoxaparin, 40 mg once daily was recommended: in
women with recurrent pregnancy loss with no history of VTE Brenner et al. [123] did not found
advantigie to increase enoxaparin from 40 mg/day to 80 mg/day (40 mg twice daily). They
found similarly effective and safe the both dose regiments with a live birth of 84% and 78% in
the enoxaparin 40 mg/day and 80 mg/day groups, respectively.

5.4. Duration and discontinuation of LMWH therapy

A part of authors discontinued LMWH therapy after the end of 3rd lunar month or in the end
of controlled ovarian hyperstimulation [116]. ACCP Guideline recommends discontinuation
of LMWH at least 24 h prior to induction of labor or cesarean section (or expected time of
neuraxial anesthesia) rather than continuing LMWH until the time of delivery.

5.5. Monitoring of LMWH

Platelet blood count measure was recommended after the start of LMWH prophylaxis to avoid
possible complication connected with heparin induced thrombocytopenia (HIT). A poor
correlation was found with LMWH use and anti-Xa levels monitoring. Althogh that in
prophylactic dose of enoxaparin range of 0.2 to 0.4 U/mL of anti-Xa activity was recommended.
When therapeutic dose LMWH was used range of 0.77 to 0.86 U/mL was suggested [124].

Recently a new marker was introduce in monitoring of thrombosis risk patients. Platelet-
leukocyte aggregates (PLA) are heterotypic cell complexes. The interaction between platelets
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and leukocytes manipulates their function in the processes of hemostasis and inflammation
[125]. The circulating PLA are a more sensitive marker of in vivo platelet activation than
platelet surface P-selectin. PLA could be use as indirect gauge for LMWH therapy in high risk
pregnancy complicated in inherited thrombophilia factors [126] because both women with
combination of prothrombotic factors and women with single thrombophilic factor showed
increased levels of whole blood PLA compared with control group [126].

6. Place of aspirin in RIF – Combined therapy with LMWH

As have been supposed, one of the causes of RIF may be found in impaired uterine perfusion
[127]. It has been suggested that Acetylsalicylic acid (low dose aspirin <100 mg/d) may increase
the uterine blood flow by inhibiting platelet aggregation and reducing vasoconstriction,
possibly leading to a more favourable endometrium for embryo implantation [128]. Aspirin
may also suppress the negative effects of prostaglandins on the implantation, such as the
induction of uterine contractions or an inflammatory response [129]. Furthermore, aspirin
improves the chance of a live birth in women with antiphospholipid syndrome with a history
of recurrent miscarriage [130], although newer studies show that it is not effective in women
with unexplained recurrent miscarriage [120]. Whereas some studies could not demonstrate
any benefit in IVF outcome [131, 132], others reported an increase in pregnancy rate, sometimes
with even statistically significant impact [133, 134, 135]. The aspirin influence on IVF outcome
and in particular, the action connected with inherited thrombophilia, again is not eluciadated,
although Zhao et al. [81] found increased alphaV/beta3 integrin expression in the uterine
endometrium in aspirin presence. Speculating from the above finding the polymorphism A1/
A2 in beta3 subunits of integrin alphaV/beta3 could be related with impared embryo adhesion
but this should be confirmed in future studies. If genotypes A1/A2 and A2/A2 of PL A1/A2
are associated with enhanced platelet thrombogenicity and so with increased risk of implan‐
tation failure, an inclusion of prophylactic antiaggregant therapy [136] to prevent poor
pregnancy outcome should be considered. Later on, the detecting of the genotype for PL
A1/A2 could be important, because of the raised data for acetylsalicylic acid and other
antiplatelet agents’ resistance [137, 138] in the presence of A2 allele.

Another important gap in the literature was the question when to start and when to stop aspirin
and how long should aspirin be given. Usually authors start aspirin just after pregnancy
estamblishment, continue throughout pregnancy and cease 3 weeks before the delivery [139].
Others begin therapy along with the initiation of controlled ovarian hyperstimulation.

In conclusion, in a recent systematic review [140] the authors’ conclude that the use of low-
dose aspirin for women undergoing IVF could not be recommended due to lack of adequate
trial data. Only for women who fulfill the laboratory criteria for antiphopsholipid antibody
(APLA) syndrome and meet the clinical APLA criteria based on a history of three or more
pregnancy losses, ACCP recommends [117] antepartum administration of low-dose aspirin,
75 to 100 mg/d combined with prophylactic dose LMWH.
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7. Metformin, thrombophilia and pregnancy outcome after IVF

Metformin, an oral biguanide insulin-sensitizing agent, acts by inhibiting hepatic glucose
production without hypoglycaemia because it does not increase the insulin secretion [141].
This drug enhances the effects of insulin on glucose uptake in skeletal muscles and adipocytes,
decreases intestinal absorption of glucose and leads to lowering androgen production in PCO
patients [142]. Widely it is known that decreased androgen production after using metformin
improves ovulation as well as pregnancy outcome in women with polycystic ovaries [143].
Insulin has a direct effect on ovarian steroidogenesis by the stimulation of androgen produc‐
tion by the thecal cells. Hyperinsulinaemia can inhibit the insulin-like growth factor-1 (IGF-1)-
binding protein production by the liver with a subsequent increase in IGF-1. This IGF-1 in
conjunction with LH could stimulate ovarian thecal cell androgen production. So, decreasing
insulin resistance by metformin recovers menstrual cycle, ovulation and increased pregnancy
rate in PCOS. Independently, metformin has a direct inhibitory effect on androstenedione
production in human ovarian thecal-like androgen-producing tumour cells [144]. These
findings could explain the mechanism for the decrease in androgen levels with the use of
metformin. Along with the androgen-decreasing action, metformin was found to reduce
plasma plasminogen activator inhibitor-1 (PAI-1) concentration in both diabetic and non-
diabetic obese subjects. In vitro studies found dose-dependently decreased PAI-1 production
under both basal and interleukin-1 beta-stimulated conditions after metformin application
[145]. A large cohort study of PCOS patients has found a relation between the increased
prevalence of 4G allele of PAI-1 4G/5G polymorphism and elevated PAI-1 levels [46]. The
correlation between the reduction in the plasma insulin and PAI-1 levels after treatment with
metformin in early pregnancy, suggests an early initiation of this therapy in COH-IVF cycles.
This approach should be considered especially in PCO patients with insulin resistance as well
as in patients carriers of 4G allele (homo- and heterozygous state).

If further studies support the reduction of miscarriage rate by metformin, the latter will become
the only known treatment that appears to decrease the poor pregnancy outcome in PCOS
women to date. The impact of using metformin as an adjunct to controlled ovarian stimulation
and IVF also is promising and requires additional investigation particularly in women with
of increased PAI-1 levels due to 4G/5G polymorphism.

Correlation between the increased PAI-1 levels and the suggestive findings of improved
pregnancy outcome with metformin use supports the proposed pathogenic role of PAI-1 in
early pregnancy complications. That forces extended metformin application in connection
with increasing amount of data support for the safe use of metformin throughout pregnancy
[147, 148], and because of the absence of reports for any drug’s related teratogenicity effects
[148], and also very low side effect incidences.
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8. Other anticoagulant drugs instead LMWH

Fondaparinux is a synthetic pentasaccharide, a direct Factor Xa inhibitor. Fondaparinux forms
a high affinity binding site for the anti-coagulant factor antithrombin III (ATIII). Binding to
ATIII has been shown to increase the anti-coagulant activity of antithrombin III 1000 fold. In
contrast to heparin, fondaparinux does not inhibit thrombin. Limited case-reports studies have
shown effective treatment of inherited thrombophilia (Protein S deficiency) using Fondapar‐
inux in case of heparin intolerance [149]. In situations where pregnant women cannot receive
LMWH, fondaparinux may be a valuable alternative during pregnancy. Fetal safety is always
an issue when considering maternal pharmacologic treatment. In a recently published report,
a minor transplacental passage of fondaparinux was found in vivo [150] but until larger scale
studies are available, the use of fondaparinux in pregnant women should be limited to those
patients with either severe allergic reactions to heparin, or eventually to those with HIT.

Lepirudin and bivalirudin are anticoagulants, with parenteral action that functions as direct
thrombin inhibitors. Direct Thrombin Inhibitors are recombinant derivats of hirudin. Lepiru‐
din may be used as an anticoagulant when heparins (unfractionated or LMWH) are contrain‐
dicated because of heparin-induced thrombocytopenia. For pregnant women, ACCP [117]
suggest limiting the use of fondaparinux and parenteral direct thrombin inhibitors to those
with severe allergic reactions to heparin who cannot receive danaparoid.

Dabigatran, an oral anticoagulant from the class of the direct thrombin inhibitors does not
require frequent blood tests for international normalized ratio (INR) monitoring while offering
similar results in terms of efficacy like indirect anticoagulants. Clinical experience is lacking
in populations for whom anticoagulants are routinely used, such as patients with pregnancy-
associated thrombosis.

Rivaroxaban and apixaban are oral anticoagulants, the first available orally as active direct
factor Xa inhibitors. Rivaroxaban is well absorbed from the gut and maximum inhibition of
factor Xa occurs four hours after a dose. Rivaroxaban is a highly selective direct Factor Xa
inhibitor with oral bioavailability and rapid onset of action. ACCP [117] recommends avoiding
the use of oral direct thrombin (dabigatran) and anti-Xa (rivaroxaban, apixaban) inhibitors
during pregnancy needing thromboprophylaxis.

9. Closing remarks

The maternal risk during pregnancy was increased with increments in the rates of recurrent
pregnancy loss leading to placenta praevia, cervical incompetence, and consequently need for
Caesarean section. All of these conditions are being increasingly recognized as having their
origins in the first trimester. The abnormal implantation and trophoblast development have
had the key role in these severe obstetrics complications. So endorsement of complicated due
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patients [142]. Widely it is known that decreased androgen production after using metformin
improves ovulation as well as pregnancy outcome in women with polycystic ovaries [143].
Insulin has a direct effect on ovarian steroidogenesis by the stimulation of androgen produc‐
tion by the thecal cells. Hyperinsulinaemia can inhibit the insulin-like growth factor-1 (IGF-1)-
binding protein production by the liver with a subsequent increase in IGF-1. This IGF-1 in
conjunction with LH could stimulate ovarian thecal cell androgen production. So, decreasing
insulin resistance by metformin recovers menstrual cycle, ovulation and increased pregnancy
rate in PCOS. Independently, metformin has a direct inhibitory effect on androstenedione
production in human ovarian thecal-like androgen-producing tumour cells [144]. These
findings could explain the mechanism for the decrease in androgen levels with the use of
metformin. Along with the androgen-decreasing action, metformin was found to reduce
plasma plasminogen activator inhibitor-1 (PAI-1) concentration in both diabetic and non-
diabetic obese subjects. In vitro studies found dose-dependently decreased PAI-1 production
under both basal and interleukin-1 beta-stimulated conditions after metformin application
[145]. A large cohort study of PCOS patients has found a relation between the increased
prevalence of 4G allele of PAI-1 4G/5G polymorphism and elevated PAI-1 levels [46]. The
correlation between the reduction in the plasma insulin and PAI-1 levels after treatment with
metformin in early pregnancy, suggests an early initiation of this therapy in COH-IVF cycles.
This approach should be considered especially in PCO patients with insulin resistance as well
as in patients carriers of 4G allele (homo- and heterozygous state).

If further studies support the reduction of miscarriage rate by metformin, the latter will become
the only known treatment that appears to decrease the poor pregnancy outcome in PCOS
women to date. The impact of using metformin as an adjunct to controlled ovarian stimulation
and IVF also is promising and requires additional investigation particularly in women with
of increased PAI-1 levels due to 4G/5G polymorphism.

Correlation between the increased PAI-1 levels and the suggestive findings of improved
pregnancy outcome with metformin use supports the proposed pathogenic role of PAI-1 in
early pregnancy complications. That forces extended metformin application in connection
with increasing amount of data support for the safe use of metformin throughout pregnancy
[147, 148], and because of the absence of reports for any drug’s related teratogenicity effects
[148], and also very low side effect incidences.
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8. Other anticoagulant drugs instead LMWH

Fondaparinux is a synthetic pentasaccharide, a direct Factor Xa inhibitor. Fondaparinux forms
a high affinity binding site for the anti-coagulant factor antithrombin III (ATIII). Binding to
ATIII has been shown to increase the anti-coagulant activity of antithrombin III 1000 fold. In
contrast to heparin, fondaparinux does not inhibit thrombin. Limited case-reports studies have
shown effective treatment of inherited thrombophilia (Protein S deficiency) using Fondapar‐
inux in case of heparin intolerance [149]. In situations where pregnant women cannot receive
LMWH, fondaparinux may be a valuable alternative during pregnancy. Fetal safety is always
an issue when considering maternal pharmacologic treatment. In a recently published report,
a minor transplacental passage of fondaparinux was found in vivo [150] but until larger scale
studies are available, the use of fondaparinux in pregnant women should be limited to those
patients with either severe allergic reactions to heparin, or eventually to those with HIT.

Lepirudin and bivalirudin are anticoagulants, with parenteral action that functions as direct
thrombin inhibitors. Direct Thrombin Inhibitors are recombinant derivats of hirudin. Lepiru‐
din may be used as an anticoagulant when heparins (unfractionated or LMWH) are contrain‐
dicated because of heparin-induced thrombocytopenia. For pregnant women, ACCP [117]
suggest limiting the use of fondaparinux and parenteral direct thrombin inhibitors to those
with severe allergic reactions to heparin who cannot receive danaparoid.

Dabigatran, an oral anticoagulant from the class of the direct thrombin inhibitors does not
require frequent blood tests for international normalized ratio (INR) monitoring while offering
similar results in terms of efficacy like indirect anticoagulants. Clinical experience is lacking
in populations for whom anticoagulants are routinely used, such as patients with pregnancy-
associated thrombosis.

Rivaroxaban and apixaban are oral anticoagulants, the first available orally as active direct
factor Xa inhibitors. Rivaroxaban is well absorbed from the gut and maximum inhibition of
factor Xa occurs four hours after a dose. Rivaroxaban is a highly selective direct Factor Xa
inhibitor with oral bioavailability and rapid onset of action. ACCP [117] recommends avoiding
the use of oral direct thrombin (dabigatran) and anti-Xa (rivaroxaban, apixaban) inhibitors
during pregnancy needing thromboprophylaxis.

9. Closing remarks

The maternal risk during pregnancy was increased with increments in the rates of recurrent
pregnancy loss leading to placenta praevia, cervical incompetence, and consequently need for
Caesarean section. All of these conditions are being increasingly recognized as having their
origins in the first trimester. The abnormal implantation and trophoblast development have
had the key role in these severe obstetrics complications. So endorsement of complicated due
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to inherited thrombophilic factor presence IVF achieved pregnancy in its very early stage of
development could improve maternal as well as fetal outcome.

A couple of studies have shown a significant increase in the implantation and pregnancy rates
after IVF procedures when use LMWH compared with those who did not. Although the
process of implantation is not well understood, anticoagulant therapy is now being examined
as a preventative measure for women undergoing IVF. Given the increased risk of adverse
outcome associated with ART pregnancies, clinics commence to use LMWH, again based on
biological plausibility rather than evidence of efficacy. Presence of thrombophilic factors such
as FII 20210 G>A or polymorphisms 4G/5G in PAI-1 is desirable condition for LMWH
prophylaxis even immediately after embryo transfer. Distinctly, presence of 4G allele in PAI-1
gene is suggestion to metformin complement also not only in PCO patients with insulin
resistance but in all 4G allele carriers. In FVL carriers, the postpone of LMWH could be
considered till positive pregnancy test, because of suspicious positive effect of the mutation
on the implantation process. A ten-time increased dose of folic acid supplementation should
be applicated even before the start of COH in MTHFR 677 TT genotype carriers to ensure not
only better implantation chances but also improved follicular development during ovarian
stimulation. Despite the found increased alphaV/beta3 integrin expression in the uterine
endometrium in aspirin presence and separately raised acetylsalicylic acid resistance in beta3
polymorphism A1/A2 presence, the need for application and dose adjustment in the poly‐
morphism apearance is still not clarified. An upcoming prospective randomized trial on
LMWH and other supplement therapy would support scientific evidence for future clinical
applications of medicines possibly related with after-IVF implantation outcome in inherited
thrombophilia presence.
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