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    Abstract  

  Normal pregnancy is a hypercoagulable state. The predisposition to throm-
bosis may be exacerbated in women with heritable or acquired predisposi-
tion to thrombosis, known as thrombophilia. For a variety of reasons, the 
precise contribution of these thrombophilias to pregnancy morbidity is 
uncertain. However, there is evidence of an association between heritable 
thrombophilia and pregnancy morbidity including early and late preg-
nancy loss, preeclampsia, and intrauterine growth restriction. There also 
appears to be a weak association with placental abruption. Management of 
pregnant women with a thrombophilia relies on an accurate assessment of 
individual risk based on her personal and family history.  
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3.1         Introduction 

 Pregnancy results in an acquired hypercoagula-
ble state due to pregnancy-associated changes in 
the hemostatic system (see Chap.   1    ). At delivery 
the placental bed spiral arteries, which lack a 
muscular layer, must quickly thrombose to limit 

and stop maternal hemorrhage. While contrac-
tion of the uterus is essential for prevention of 
major blood loss, it is likely that the evolutionary 
development of the hemostatic response to preg-
nancy (reviewed in Chap.   1    ) has provided a mate-
rial survival advantage to both mother and fetus. 
However, the progressive hypercoagulability 
increases the risk of venous thrombosis during 
pregnancy (and the postpartum period) and in 
some women may contribute to pregnancy 
complications. 

 Venous thrombosis (deep vein thrombosis and 
pulmonary embolus, also referred to collectively 
as venous thromboembolism), pregnancy loss, 
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preeclampsia, and intrauterine growth restriction 
are common pregnancy complications. These 
risks may be amplifi ed in women with a heritable 
or acquired predisposition to thrombosis, so- 
called thrombophilia. Testing for heritable throm-
bophilias in women with previous pregnancy 
morbidity is now common in clinical practice. 
Consequently, hematologists and obstetricians 
are frequently asked for advice on intervention 
with antithrombotic therapy for subsequent preg-
nancies in women found to have laboratory evi-
dence of heritable thrombophilia. However, the 
material contribution of heritable thrombophilia 
to pregnancy morbidity and hence the value of 
testing and using the results to inform clinical 
management decisions are still uncertain.
•    The association between a diagnosis of heri-

table thrombophilia and pregnancy morbidity 
is weak as (1) the laboratory tests are impre-
cise, (2) the tests performed do not compre-
hensively assess the genetic framework of 
thrombophilia, and (3) both laboratory abnor-
malities and pregnancy morbidity are com-
mon and so it is inevitable that abnormalities 
are frequently found in women who are 
investigated.  

•   If there is a true association, then causation 
might be expected to be related to a common 
underlying pathology in which the likelihood 
of venous thrombosis and pregnancy morbid-
ity is increased. However, while limited, stud-
ies reported so far do not support a common 
underlying pathology, at least for venous 
thromboembolism and pregnancy loss. 
Furthermore, based on biological plausibility, 
there is reason to believe that there may be dif-
ferent mechanistic pathology.  

•   Finally, if there is a causative link between an 
underlying predisposition to thrombosis and 
pregnancy morbidity, then testing for a limited 
number of thrombophilias using imprecise 
laboratory methodology may have little theo-
retical or practical clinical utility as the test 
results do not discriminate between women 
with and without an underlying predisposition 
to pregnancy morbidity.    
 The management of pregnancy-associated 

venous thromboembolism is detailed in Chap.   5     

with specifi c treatment in relation to heritable 
thrombophilia addressed in Sect.  3.4.1  below. 
The association of pregnancy morbidity and late 
pregnancy complications with hereditary and 
acquired thrombophilias is reviewed in detail in 
Chap.   4    . In this chapter, generic aspects of throm-
bophilia are considered, and a summary is pre-
sented of:
•    The spectrum of established heritable throm-

bophilias associated with an increased risk of 
venous thrombosis  

•   The limitations of laboratory measurement 
and the implications for establishing a causal 
relationship and developing testing strategies 
that might have clinical utility  

•   An overview of heritable thrombophilia as it 
relates to pregnancy-associated venous 
thrombosis  

•   An overview of heritable thrombophilia as it 
relates to pregnancy morbidity    
 Acquired conditions that predispose to venous 

thrombosis, which therefore increase the risk of 
pregnancy-associated venous thrombosis, are 
included for the sake of completeness alongside 
the defi nite and possible heritable thrombophilias 
listed in Table  3.1 .

3.2        Heritable Thrombophilias 
Associated with an Increased 
Risk of Venous Thrombosis 

 The heritable thrombophilias shown to be associ-
ated with at least a twofold increased risk of venous 
thrombosis are defi ciencies of the natural antico-
agulants antithrombin, protein C, and protein S, 
due to mutations in the corresponding genes 
 SERPIN1 ,  PROC , and  PROS , and the two common 
mutations in genes encoding pro- coagulant factor: 
 F5 G1691A (FVR506Q, factor V Leiden) and 
 F2 G20210A (commonly referred to as the pro-
thrombin gene mutation) (Table  3.1 ). The causal 
association between these heritable thrombophilias 
and venous thrombosis has been confi rmed by 
comparing the prevalence of defects in patients 
with venous thrombosis and controls. The expres-
sion of heritable thrombophilia as a disease (venous 
thrombosis) is dependent on a strong gene-environ-
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ment interaction and, in this respect, there is a 
strong interaction with pregnancy [ 1 ]. 

 Numerous acquired medical conditions and 
environmental factors increase the risk of venous 
thrombosis (Table  3.1 ). Risk factors for venous 
thrombosis generally interact synergistically. 
This means that risk factors are not additive, 
rather that they multiply. For example, if two risk 
factors A and B each increase the risk of venous 
thrombosis threefold, then the combination of 
factors increases the risk nine times (3 × 3), not 
six times (3 + 3). Pregnancy is an independent 
risk factor for venous thrombosis, so the presence 
of additional heritable and acquired thrombophil-
ias and environmental factors act synergistically 
to increase the risk of venous thrombosis in preg-
nancy. The baseline risk of venous thrombosis in 
women of reproductive age is low at approxi-
mately 1 per 10,000. Consequently, the relative 
increased risk of venous thrombosis associated 
with pregnancy translates into an absolute risk of 
only 1 per 1,000 live births overall. However, in 
an individual woman, a relative increase in risk 
due to multiple interacting factors may translate 
into a high absolute risk. This is the basis for 
assessing the risk of venous thrombosis and 
offering thromboprophylaxis in high-risk preg-
nancies (see Chap.   5    ). 

3.2.1     Antithrombin Defi ciency 

 Antithrombin is a protease inhibitor. Based on 
kinetic rates of inhibition, its primary targets are 
thrombin and factor Xa, and hence antithrombin 
both regulates generation of thrombin and inhib-
its thrombin that has been generated. Inhibition 
of target proteases is increased approximately 
1,000-fold by glycosaminoglycan activation of 
antithrombin, which is the mechanism by which 
heparin acts as a pharmacological anticoagulant. 
The activation process involves an induced con-
formational change in the structure of antithrom-
bin which enables formation of an irreversible 
covalent complex with the target protease [ 2 ]. 
The complex undergoes a further dramatic con-
formational change involving both the inhibitor 
and the inhibited protein which alters the proper-
ties of each, resulting in rapid clearance from the 
circulation. 

 Two laboratory (intermediate) phenotypes of 
heritable antithrombin defi ciency are recognized. 
Type I is characterized by a quantitative reduc-
tion of antithrombin with a parallel reduction in 
function (measured as inhibitory activity against 
factor Xa or thrombin) and the level of protein in 
the plasma (measured immunologically as the 
antigenic level). Type 2 defi ciency is due to the 

     Table 3.1    Heritable and acquired conditions that predispose to venous thrombosis and hence which increase the risk 
of pregnancy-associated venous thrombosis   

 Heritable thrombophilia  Possible heritable component  Acquired risk factors for venous thrombosis 

 Antithrombin defi ciency  High factor VIII/VWF  Increasing age (over 35 in pregnancy) 
 Protein C defi ciency  High factor IX  Pregnancy 
 Protein S defi ciency  High factor XI  COC/HRT 
  F5 G1691A (factor V Leiden)  High fi brinogen  Obesity 
  F2 G20210A 
 (Sickle and thalassaemia 
disorders) 

 Factor XIII (qualitative) 
 High homocysteine 
 Hypofi brinolysis 

 Smoking 
 Immobility 
 Dehydration (hyperemesis) 
 Hospitalization 
 Antiphospholipid syndrome (APS) 
 Heart failure 
 Infl ammatory disease 
 Chronic respiratory disease 
 Nephrotic syndrome 
 Cancer 
 Myeloproliferative disorders (PV, ET, PMF) 
 Paroxysmal nocturnal hemoglobinuria (PNH) 

   VWF  Von Willebrand Factor,  COC  combined oral contraceptive, estrogen containing,  HRT  hormone replacement ther-
apy,  PV  polycythemia vera,  ET  essential thrombocythemia,  PMF  primary myelofi brosis  
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production of a qualitatively abnormal antithrom-
bin protein characterized by disturbance of the 
complex inhibitory mechanism of protease inhi-
bition as a result of a mutation in the  SERPINC1  
gene. The functional activity is discrepantly low 
compared to the antigenic level. Type 2 defi -
ciency is subclassifi ed according to the nature of 
the functional defi cit:
•    Type 2 reactive site (RS) in which mutations 

alter the sequence of the mobile reactive cen-
ter loop, thus reducing the ability to inhibit 
thrombin or factor Xa either in the presence or 
absence of heparin in a laboratory assay  

•   Type 2 heparin binding site (HBS) in which 
mutations affect the ability of antithrombin to 
bind and be activated by glycosaminoglycans, 
resulting in reduced ability to inhibit thrombin 
or factor Xa only in the presence of heparin in 
a laboratory assay  

•   Type 2 pleiotropic (PE) in which a single 
mutation produces multiple effects on the 
structure-function relationship of the mole-
cule which is often associated with low plasma 
levels due to effects on either secretion or 
stability    
 Approximately 100 point mutations (mis-

sense, nonsense, or insertions or deletions caus-
ing frameshifts) and several whole or partial gene 
deletions have been identifi ed as causes of type 1 
defi ciency. Numerous point mutations causing 
qualitative type 2 defi ciency have been identifi ed. 
Homozygous type 1 defi ciency and type 2RS 
mutations are incompatible with life. Type 2 HBS 
and some PE mutations are associated with a 
lower risk of thrombosis; homozygosity, and 
compound heterozygosity, involving these muta-
tions is compatible with life. 

 Functional activity assays typically use a 
chromogenic substrate and factor Xa as the target 
protease. The total amount of antithrombin pro-
tein can be measured immunologically with anti-
bodies, for example, by enzyme-linked 
immunosorbent assay (ELISA). As antithrombin 
antigen levels may be normal or near normal in 
type 2 defi ciency, immunological assays may fail 
to identify patients with these variants and so a 
functional assay should be used as the initial 
assay. 

 Although there is little reported variation in 
the plasma concentration of antithrombin both 
during healthy pregnancy and following delivery 
(as stated in Chap.   1    ), antithrombin levels may be 
slightly reduced in pregnancy and are reduced in 
women taking estrogen preparations, as well as 
in other situations. Consequently, the clinical sig-
nifi cance of a low antithrombin level must be 
interpreted by an experienced clinician who is 
aware of all the relevant factors that may have 
infl uenced the test result in a specifi c patient.  

3.2.2      Protein C Defi ciency 

 Protein C is the zymogen precursor of activated 
protein C (APC). Protein C is activated to APC 
by thrombin bound to thrombomodulin on the 
endothelial surface. APC inactivates the activated 
cofactors (VIIIa and Va) and so inhibits thrombin 
generation. Factors VIII and V are activated by 
small amounts of thrombin during initiation of 
coagulation to nonenzymatic cofactors required 
for assembly of macromolecular complexes that 
are required for the full thrombin explosion. The 
enzymatic components of these complexes are 
factors IXa and Xa, and so inactivation of VIIIa 
and Va by APC leads to disassembly of the enzy-
matic complexes, thus attenuating thrombin 
generation. 

 Protein C defi ciency is classifi ed into type 1 
and 2 defects on the basis of functional and anti-
genic assays. The relative risk of thrombosis in 
relation to type 1 and the various type 2 defects 
has not been characterized. Most heritable  protein 
C defi ciency is due to type 1 abnormalities. The 
majority of type 1 defects are due to point muta-
tions. Multiple type 2 defects due to mutations in 
the  PROC  gene have been reported affecting the 
catalytic active site, the phospholipid- binding 
Gla domain, the propeptide cleavage activation 
site, and the sites of interaction with substrates or 
cofactors. In this case, there is discordance 
between the functional and antigenic levels. 

 The laboratory diagnosis of protein C defi -
ciency is based on a functional assay. As protein 
C antigen levels may be normal or near normal in 
type 2 defi ciency, immunological assays may fail 
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to identify patients with these variants, so a func-
tional assay should be used as the initial assay. 
Most commercially available functional assays 
use a snake venom to activate protein C and a 
chromogenic substrate to quantify APC activity. 
A chromogenic assay will detect type 1 and most 
type 2 defects. The diagnosis of type 1 protein C 
defi ciency is problematic because of the wide 
overlap in protein C activity between heterozy-
gous carriers and unaffected individuals. The 
diagnosis of type 2 defects is problematic because 
a chromogenic assay will only detect defects 
affecting the enzymatic site. 

 Protein C levels are not affected by pregnancy 
or estrogen exposure. Acquired low levels of pro-
tein C occur during anticoagulant therapy with 
oral vitamin K antagonists, vitamin K defi ciency, 
disseminated intravascular coagulation (DIC), 
and liver disease. Consequently, the clinical sig-
nifi cance of a low protein C level must be inter-
preted by an experienced clinician who is aware 
of all the relevant factors that may have infl u-
enced the test result in a specifi c patient.  

3.2.3     Protein S Defi ciency 

 Protein S is a vitamin K-dependent glycoprotein 
produced in the liver, endothelial cells, and mega-
karyocytes. Protein S is a nonenzymatic cofactor 
for APC-mediated inactivation of factors VIIIa 
and Va and additionally is involved with tissue 
factor pathway inhibitor-dependent natural anti-
coagulation. Approximately 60 % of protein S 
circulates bound to C4b-binding protein and is 
inactive. The remaining 40 %, designated free 
protein S, is uncomplexed and is the active form. 
Free protein S increases the affi nity of activated 
protein C for negatively charged phospholipid 
surfaces on platelets or the endothelium and 
increases complex formation of APC with the 
activated forms of factors VIII and V (VIIIa & 
Va). However, the degree of C4b binding has not 
yet been shown to be a determinant of thrombosis 
risk. In addition to APC cofactor activity, protein 
S has an independent anticoagulant activity as a 

cofactor for TFPI (tissue factor pathway 
inhibitor). 

 Protein S is usually quantifi ed immunologi-
cally rather than measured functionally. 
Nowadays, monoclonal antibodies that detect 
only free protein are used to quantify free protein 
S. Functional protein S assays are imprecise and 
are not used in the majority of coagulation 
laboratories. 

 Protein S levels are signifi cantly lower in 
females, so much so that different normal refer-
ence ranges are required for males and females. 
There is a signifi cant risk of a false-positive diag-
nosis of protein S defi ciency in women. Protein S 
levels are reduced by estrogens and fall progres-
sively during normal pregnancy. Acquired low 
levels of protein S occur during anticoagulant 
therapy with oral vitamin K antagonists, vitamin 
K defi ciency, DIC, and liver disease. 

 Protein S defects are divided into three types:
•    In type I defi ciency, both total and free protein 

S levels are low (and functional activity, if 
measured, is found to be low).  

•   Type II defects are characterized by reduced 
activity in the presence of normal total and 
free levels of protein S. Type II defi ciency is 
diffi cult to diagnose because functional pro-
tein S assays are imprecise.  

•   In type III defi ciency, the total protein S level 
is normal but the free protein S level is low. 
Some type III defi ciency is thought to be a 
phenotypic variation of type 1 resulting from 
the same genetic mutations. However, it is 
now apparent that many patients with an 
apparent type III phenotype do not have heri-
table protein S defi ciency. This may be related 
to an increase in C4b levels.    
 This complicated classifi cation refl ects the 

complexity of the biology of protein S but has no 
mechanistic reference to disturbance of natural 
anticoagulant activity. Given these limitations 
and the imprecision of laboratory methodology, 
the diagnosis of heritable protein S defi ciency is 
less precise and the clinical implication of a low 
protein S level in an individual is more uncertain 
than it is for antithrombin or protein C.  
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3.2.4      F5 G1691A (FVR506Q, Factor V 
Leiden) 

 Factor V is a cofactor required for thrombin gen-
eration. Factor V has no cofactor activity until 
cleaved by thrombin or factor Xa. Activated fac-
tor V (Va) is inactivated by APC (see Sect.  3.2.2  
above). Resistance to activated protein C (APC 
resistance) is a laboratory phenomenon in which 
there is a suboptimal anticoagulant response to 
addition of APC to a patient’s plasma. In 95 % of 
cases of familial APC resistance, this is due to the 
same point mutation in the gene for FV, a guanine 
to adenine transition at nucleotide position 
1691 in exon 10 ( F5 G1691A), resulting in a 
mutant protein FVR506Q. The mutation is 
known as the factor V Leiden mutation and the 
mutant factor Va has normal procoagulant activ-
ity, but substitution of glutamine for arginine at 
position 506 (which is an APC cleavage site) 
results in slower inactivation by APC. Nowadays, 
the mutation is frequently detected by direct 
DNA analysis (rather than by a clotting assay) to 
detect the presence of the mutant protein. 

 The mutation is present in around 4 % of the 
Caucasian population and around 15 % of 
unselected consecutive Caucasian patients with a 
fi rst venous thrombosis. The prevalence is high-
est in Northern Europeans. The mutation is infre-
quent in other populations. The high prevalence 
and founder effect suggest positive selection, and 
this may relate to a favorable effect on embryo 
implantation and hence reproduction [ 3 ] rather 
than a lower risk of fatal hemorrhage in females 
during childbirth, as originally thought. 

 Acquired APC resistance is common, in part 
often due to increased FVIII levels, and is 
observed in pregnancy and in association with 
estrogen exposure.  

3.2.5      F2 G20210A 

 A single nucleotide change of guanine to adenine 
at position 20210 in the 3′ untranslated region of 
the prothrombin gene is a mild risk factor for 
venous thrombosis. The prevalence of the 
 F2 G20210A mutation is around 2 % in 

Caucasians with a higher prevalence in Southern 
compared to Northern Europeans. The mutation 
increases the plasma level of prothrombin by 
around 30 %, but the mechanism responsible for 
this has not been identifi ed. No specifi c clotting 
test for the presence of the mutation has been 
described, and diagnosis depends on detection of 
the genetic mutation by DNA analysis.  

3.2.6     Other Candidate Heritable 
Thrombophilias 

 A number of other anticoagulant proteins have 
been investigated as potential factors causing 
thrombophilia, but a relationship between venous 
thrombosis and low protein levels or associated 
gene mutations has not been established. 

 Increased levels of factors VIII, IX, and XI are 
associated with an increased risk of venous 
thrombosis, but a heritable basis for high levels 
associated with venous thrombosis is not estab-
lished. There is equivocal evidence for a causal 
relationship between fi brinogen levels and 
venous thrombosis. Polymorphisms in the pro-
thrombin gene have been described that may fur-
ther increase the risk of venous thrombosis 
associated with the  F2 G20210A mutation, but 
the effect is mild. It was previously thought that 
defi ciency of factor XII was a risk factor for 
venous thromboembolism, but subsequent inves-
tigation strongly indicates that this is unlikely. A 
protective effect against venous thrombosis has 
been reported for a polymorphism in the factor 
XIII gene (FXIIIV341L). 

 A causal relationship between levels of spe-
cifi c individual proteins involved in regulating 
fi brinolysis and venous thrombosis has not been 
established. However, in a case–control study 
using a global measure of fi brinolytic potential, 
there was an approximately doubled risk of 
venous thrombosis in patients with clot lysis 
times above the 90th percentile of controls [ 4 ]. 
Further analysis of a larger study confi rmed this 
fi nding and demonstrated that hypofi brinolysis in 
combination with established acquired and 
genetic risk factors, such as  F5 G1691A, had a 
synergistic effect on venous thrombosis risk [ 5 ]. 
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The genetic basis for hypofi brinolysis in these 
patients was not investigated. 

 Hyperhomocysteinemia may be caused by 
genetic abnormalities but only the severe inher-
ited abnormalities of homocysteine metabolism 
(homozygous cystathionine beta-synthase defi -
ciency and homozygous defi ciency of methy-
lenetetrahydrofolate reductase) result in 
congenital homocystinuria associated with an 
increased risk of both arterial and venous throm-
bosis, as well as premature atherosclerosis and 
mental retardation, epilepsy, and skeletal and eye 
problems. Fifty percent of patients present with 
venous or arterial thrombosis before the age of 30 
years. The thermolabile variant of methylenetet-
rahydrofolate reductase (MTHFR), due to a com-
mon genetic polymorphism (C677T), is not a risk 
factor for venous thrombosis [ 6 ,  7 ].  

3.2.7     Antiphospholipid 
Syndrome (APS)  

  The antiphospholipid syndrome (APS) is the most 
common acquired form of thrombophilia.  APS is 
diagnosed when a patient with arterial or venous 
thrombosis (or pregnancy morbidity in women) 
is found to have antiphospholipid antibodies 
(anticardiolipin, aCL; and/or lupus anticoagu-
lant, LA; and/or anti-beta-2-glycoprotein I, aß 2 - 
GPI). The updated international consensus 
(revised Sapporo) classifi cation criteria for defi -
nite antiphospholipid syndrome [ 8 ] require the 
presence of a LA and/or IgG or IgM aCL present 
in medium or high titer (i.e., >40 GPL or MPL or 
> the 99th percentile) and/or aß 2 GPI (IgG and/or 
IgM) >99th percentile. These aPL should be per-
sistent, defi ned as being present on two or more 
consecutive occasions at least 12 weeks apart. 
The international consensus criteria were origi-
nally designed for scientifi c clinical studies, and 
there remains a need for fi rm diagnostic criteria 
for routine clinical use which may differ from 
these. APS has conventionally been divided into 
primary and secondary forms, the latter being 
associated with systemic lupus erythematosus 
(SLE) or a related rheumatological condition. 
However, this distinction was abandoned in the 

revised Sapporo classifi cation [ 8 ] on the basis 
that it is unknown whether APS and SLE are two 
diseases coinciding in an individual, underlying 
SLE offers a setting for the development of APS, 
or APS and SLE represent two elements of the 
same process. 

 Laboratory test results are subject to consider-
able pre-analytical variation. In addition, tran-
siently abnormal results may be found in normal 
healthy individuals. For these reasons, for a 
patient to be considered to have antiphospholipid 
activity (aCL, LA, or aß2-GPI), test results must 
be positive on two separate occasions. The prob-
ability of misdiagnosing APS has been reduced 
by stricter criteria for antibody titers (>40 GPL or 
MPL for aCL or >90th percentile for aCL or aß2- 
GPI) and demonstration of persistence of anti-
bodies (present on at least 2 consecutive occasions 
at least 12 weeks apart) [ 9 ]. Positivity in all 3 
assays (aCL, LA, aß2-GPI) is associated most 
strongly with thrombosis and pregnancy compli-
cations. Recent evidence suggests that the anti-
bodies most strongly associated with thrombosis 
and pregnancy morbidity are against domain I of 
β2-GPI; these antibodies are responsible for 
lupus anticoagulant activity specifi cally associ-
ated with clinical events and are responsible for 
positive aCL results. While the criteria for diag-
nosis of APS are unlikely to change again soon, it 
is possible that the laboratory identifi cation of 
clinically relevant antibodies to domain I β2-GPI 
will eventually simplify the diagnosis and 
improve the clinical utility of laboratory tests.   

3.3      Limitations of Laboratory 
Measurement 
and the Implications 
for Establishing a Causal 
Relationship and Developing 
Testing Strategies 
with Clinical Utility 

 The laboratory diagnosis of heritable thrombo-
philias is diffi cult as the tests are subject to con-
siderable pre-analytical variables. Low levels of 
antithrombin, protein C, and protein S occur in a 
variety of circumstances and test results, and the 
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clinical implications of both positive and nega-
tive results, are frequently misinterpreted. If test-
ing is performed during pregnancy, results must 
be interpreted with reference to the effect of the 
pregnancy. 

 Functional assays should be used for which 
accuracy and imprecision are acceptable. 
However, no single method will detect all defects. 
Even in families with characterized defects, a 
phenotypic assay may fail to accurately discrimi-
nate affected and nonaffected individuals. True 
heritable defi ciencies may not be detected and 
false positive diagnoses are common. 

 Low levels of antithrombin, protein C, or pro-
tein S may relate to age, sex, acquired illness, or 
drug therapy, so interpretation requires knowl-
edge of the patient’s condition at the time of 
blood sampling. Low levels of antithrombin, pro-
tein C, or protein S suspected to be the result of 
heritable mutations should be confi rmed on one 
or more separate samples. Demonstrating a low 
level in other family members supports a diagno-
sis of heritable defi ciency, and characterization of 
the genetic mutation can be confi rmatory. 

 As well as specifi c limitations relating to indi-
vidual factors, there are a number of common 
generic issues which limit accuracy and precision 
of laboratory diagnosis and consequently contrib-
ute to limiting the clinical utility of thrombophilia 
testing. These can be summarized as follows:
•    The laboratory diagnosis of heritable throm-

bophilias is diffi cult as the tests are subject to 
numerous biological and pre-analytical 
variables.  

•   The fact that venous thrombosis has a multiple 
genetic basis with incomplete penetrance and 
a strong gene-environment interaction makes 
counseling in relation to thrombophilia testing 
uncertain.  

•   In families with known heritable thrombophil-
ias, the risk of venous thrombosis can be 
increased in unaffected members as well as 
affected, so a negative thrombophilia result 
does not exclude an increased risk of venous 
thrombosis.  

•   Even in families with characterized defects, 
a phenotypic assay may fail to accurately 

discriminate affected and nonaffected 
individuals.  

•   True heritable defi ciencies may not be detected 
and false positive diagnoses are common.  

•   Low levels of antithrombin, protein C, and 
protein S occur in a variety of circumstances, 
and test results and the clinical implications of 
both positive and negative results are fre-
quently misinterpreted.  

•   Testing for heritable thrombophilias in 
selected patients, such as those with a strong 
family history of unprovoked recurrent throm-
bosis, may infl uence decisions regarding dura-
tion of anticoagulation. Unfortunately, in this 
regard, identifying patients for testing is not 
straightforward as criteria for defi ning 
thrombosis- prone families have not been vali-
dated and the association between family his-
tory of thrombosis and detection of inherited 
thrombophilia is weak.    
 In order to limit inaccuracy and imprecision, 

the British Society for Haematology has pub-
lished clinical guidelines for testing for heritable 
thrombophilia [ 10 ] which include the following 
generic recommendations:
•    Testing at the time of acute venous thrombosis 

is not indicated as the utility and implications 
of testing need to be considered and the patient 
needs to be counseled before testing. As treat-
ment of acute venous thrombosis is not infl u-
enced by test results, testing can be performed 
later.  

•   The prothrombin time (PT) should be mea-
sured to detect the effect of oral vitamin K 
antagonists which will cause a reduction in 
protein C and S levels.  

•   Functional assays should be used to determine 
antithrombin and protein C levels.  

•   Chromogenic assays of protein C activity are 
less subject to interference than clotting assays 
and are therefore preferable.  

•   Immunoreactive assays of free protein S anti-
gen are preferable to functional assays. If a 
protein S activity assay is used in the initial 
screen, low results should be further investi-
gated with an immunoreactive assay of free 
protein S.  
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•   Repeat testing for identifi cation of defi ciency 
of antithrombin, protein C, and protein S is 
indicated, and a low level should be confi rmed 
on one or more separate samples. Defi ciency 
should not be diagnosed on the basis of a sin-
gle abnormal result.    
 In addition to factors that limit the accuracy 

and precision of laboratory testing, there is poten-
tially a fundamental fl aw in attempting to quan-
tify the degree of thrombophilia in an individual 
patient by using a dichotomous testing strategy in 
which a limited number of factors are designated 
normal or abnormal. The “thrombophilic condi-
tion” is dependent on a large complex genetic 
framework subject to strong environmental infl u-
ence [ 1 ,  11 ,  12 ].  

3.4     Overview of Heritable 
Thrombophilia as It Relates 
to Pregnancy-Associated 
Venous Thrombosis 

3.4.1      Treatment of Pregnancy- 
Associated Venous 
Thrombosis 

 There are limited data in relation to treatment 
specifi cally of pregnancy-associated venous 
thrombosis in women with heritable thrombo-
philia. However, there is no evidence that issues 
that have been clarifi ed in nonpregnant patients 
are different in pregnant women:
•    There is no evidence that heritable thrombo-

philia should infl uence the initial intensity of 
anticoagulation with heparin.  

•   When warfarin is introduced following deliv-
ery, there is no evidence that heritable throm-
bophilia should infl uence the intensity of 
anticoagulation.  

•   Warfarin-induced skin necrosis is extremely 
rare, even in patients with protein C or S defi -
ciency, such that most individuals with protein 
C or S defi ciency do not develop skin necrosis.  

•   There is no evidence that recurrent venous 
thrombosis while on anticoagulant treatment 

is more likely in patients with heritable 
thrombophilia.    
 In nonpregnant patients with antithrombin 

defi ciency, heparin resistance is infrequent and 
recurrence or extension of thrombosis while on 
treatment is no more frequent than that observed 
in individuals without antithrombin defi ciency. 
However, there are anecdotes of pregnant women 
with heritable antithrombin defi ciency who have 
low anti-Xa levels despite therapeutic doses of 
low-molecular-weight heparin. It is advisable for 
pregnant women with venous thrombosis and 
antithrombin defi ciency to be referred urgently to 
a hematologist with appropriate expertise for 
supervision of treatment. 

 The most important clinical factor predicting 
likelihood of recurrent venous thrombosis is 
whether or not a fi rst episode of venous throm-
bosis was unprovoked or provoked. Pregnancy 
is a relatively strong provocation for venous 
thrombosis and the risk of spontaneous recur-
rent venous thrombosis after pregnancy-associ-
ated venous thrombosis in women with heritable 
thrombophilia is low, and long-term anticoagu-
lation is not indicated. Long-term prospective 
cohort outcome studies have shown that fi nding 
a heritable thrombophilia does not reliably pre-
dict recurrence in unselected patients even after 
an episode of unprovoked venous thrombosis. 
However, studies were not powered to exclude 
an increased risk of recurrence specifi cally in 
relation to rare thrombophilias, such as anti-
thrombin or protein C defi ciency. Therefore, it 
remains uncertain if mutations affecting the 
 SERPINC1 ,  PROC , and  PROS  genes causing 
defi ciency of the corresponding protein might 
predict a suffi ciently high risk of thrombosis to 
justify long-term (life- long) anticoagulation 
after a single episode of venous thrombosis. 
Following an episode of pregnancy-associated 
venous thrombosis, women with heritable 
thrombophilia should be referred to a thrombo-
philia specialist for consideration of future man-
agement, including duration of anticoagulation 
and need for thromboprophylaxis in subsequent 
pregnancies.  
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3.4.2     Prevention of Pregnancy- 
Associated Venous 
Thrombosis 

 Pregnancy is associated with a fi ve to tenfold 
increased risk of venous thrombosis compared to 
nonpregnant women of comparable age and has 
an absolute risk of 1 per 1,000 deliveries. There is 
an increased relative risk of pregnancy- associated 
venous thrombosis in women with thrombophilia 
(Table  3.2 ), but this translates into a low absolute 
risk. For example, the relative risks of 34 and 8 
associated with homozygosity and heterozygos-
ity for the factor V Leiden mutation, respectively 
equate to absolute risks of 3.4 and 0.8 %, based 
on an overall absolute risk of 0.1 % (1 per 1,000 
deliveries). Based on the calculated odds ratios in 
Table  3.2 , absolute risks of pregnancy-associated 
venous thrombosis would only be expected to 
exceed 1 % for homozygosity for the factor V 
Leiden mutation. However, where a statistically 
signifi cant increase in risk is demonstrated, the 
possibility of rates greater than 1 % cannot be 
excluded (based on the upper 95 % confi dence 
intervals) for defi ciencies of antithrombin, pro-
tein C, and protein S; heterozygosity for the 
 F5 G1691A (factor V Leiden); and homozygous 
and heterozygous  F2 G20210A mutations. 
Homozygosity for the thermolabile variant of 
MTHFR (C677T) is not associated with an 
increased risk of pregnancy-associated venous 
thrombosis (Table  3.2 ).

   The risk of thrombosis, compared to the gen-
eral age-matched female population, is increased 
100-fold in pregnancy in women with a previous 
thrombosis. Thrombosis in pregnancy rarely 
occurs in women whose initial venous thrombo-
sis was provoked, unless the provocation was use 
of an estrogen-containing contraceptive. In gen-
eral, the absolute risk of pregnancy-associated 
venous thrombosis in women with heritable 
thrombophilia with no previous history is small, 
but the risk is considered greatest in women with 

antithrombin defi ciency, those homozygous for 
the FVR506Q or the  F2 G20210A mutations or 
those who are double heterozygotes for FVR506Q 
and  F2 G20210A. The number of women with 
these defects is very small. The most appropriate 
management of these women is uncertain and 
recommendations are based on low-level evi-
dence. Retrospective studies in women with lab-
oratory evidence of thrombophilia and previous 
venous thrombosis for whom detailed informa-
tion of the type of thrombophilia was available 
indicate that the rate of recurrence is similar in 
women with and without thrombophilia. 
However, a limitation of studies published to date 
is that women with high-risk thrombophilias 
were excluded (defi ciency of antithrombin, pro-
tein C, and protein S, and combined defects). 

 In women with a previous history of venous 
thrombosis, the major factor in determining 
whether prophylaxis should be given is whether 
or not the prior venous thrombosis was provoked. 
If the episode was unprovoked, prophylaxis 
should be considered and thrombophilia testing 
is not required if prophylaxis is given. In women 
with a fi rst provoked event, the decision to test or 
not should be infl uenced by the strength of the 
provocation, for example, thrombosis associated 
with major trauma and subsequent immobility 
would not be an indication for prophylaxis or 
testing. In women with a fi rst-degree relative 
with thrombosis, the decision to test should be 
infl uenced by whether or not the event in the rela-
tive was unprovoked or provoked and the strength 
of the provocation. If the event in the fi rst-degree 
relative was pregnancy or COC-associated, then 
testing and fi nding thrombophilia should prompt 
consideration of prophylaxis, particularly if the 
symptomatic relative was known to have the 
same defect, especially defi ciency of antithrom-
bin or protein C. When testing in pregnancy is 
performed, it is necessary to interpret the results 
with reference to the effect of pregnancy on the 
test results. 
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 In summary:
•    Women should be assessed for risk of 

pregnancy- associated venous thrombosis pri-
marily in relation to clinical risk factors; this 
assessment should be performed when fi rst 
seen in pregnancy and again if circumstances 
change during pregnancy, for example, the 
woman develops preeclampsia or is admitted 
to hospital.  

•   Most women with a previous unprovoked 
venous thrombosis or pregnancy or COC- 
related thrombosis will qualify for thrombo-
prophylaxis on the basis of clinical risk alone, 
so testing for heritable thrombophilia may not 
be contributory.  

•   Women with a previous event due to a major 
provoking factor, for example, surgery or 
major trauma, would not usually require pro-
phylaxis or testing.  

•   Women with a previous event due to a minor 
provoking factor, for example, travel, should 
be tested and considered for prophylaxis if a 
thrombophilia is found.  

•   In asymptomatic women with a family history 
of venous thrombosis, testing is not required if 
the clinical risks alone are suffi cient to result 
in thromboprophylaxis during pregnancy.  

•   Asymptomatic women with a family history 
of venous thrombosis should be tested if an 
event in a fi rst-degree relative was unprovoked 
or provoked by pregnancy, COC exposure, or 
a minor risk factor. The result will be more 
informative if the fi rst-degree relative has a 
known thrombophilia, so the interpretation of 
the result in the asymptomatic woman is with 
reference to the defect in the symptomatic 
affected relative.      

3.5     Overview of Heritable 
Thrombophilia as It Relates 
to Pregnancy Morbidity 

 There is evidence of an association between heri-
table thrombophilia and pregnancy morbidity 
including early and late pregnancy loss, pre-
eclampsia, and intrauterine growth restriction. 
There also appears to be a weak association with 

placental abruption [ 13 ]. A simple hypothesis is 
that thrombophilia may increase the risk of pla-
cental insuffi ciency due to placental vascular 
thrombosis. If thrombophilia results in pathology 
which mechanistically results from thrombosis, it 
might be expected that women with a predisposi-
tion to venous thrombosis would have a higher 
incidence of pregnancy morbidity thought to be 
due to placental vascular thrombosis. However, 
in a case–control study, pregnancy loss was no 
more frequent in women with a history of venous 
thrombosis than in controls, although pregnancy- 
induced hypertension and preeclampsia were 
more common. The stillbirth rate was not signifi -
cantly higher [ 14 ]. The placental vasculature is 
not formed until 10–12 weeks of gestation so a 
thrombotic pathology does not explain why the 
majority of women with thrombophilia have 
early pregnancy loss before 12 weeks. An alter-
native “non-thrombotic” hypothesis is that tro-
phoblast apoptosis is the underlying mechanism. 
In vitro studies have demonstrated that antiphos-
pholipid antibodies inhibit trophoblast differen-
tiation and placentation [ 15 ,  16 ]. Experimental 
studies in mice with genetic disruption of the pro-
tein C pathway indicate that the fetal loss that 
occurs before 10 weeks is similarly due to inhibi-
tion of trophoblast growth by coagulation prote-
ases [ 17 ]. 

 Meta-analysis indicates an increased preva-
lence of thrombophilias in case–control studies 
comparing women with pregnancy complications 
to those without. However, the point estimates of 
odds ratios calculated from case–control studies 
are low, indicating that any causal association is 
weak. Importantly, the predictive value of a posi-
tive thrombophilia test result for recurrence of a 
particular pregnancy complication has not yet 
been determined. Randomized trials demonstrat-
ing that the presence of a thrombophilia should 
modify management of subsequent pregnancies 
have yet to be reported. Nevertheless, many clini-
cians have instituted a policy of offering antico-
agulant drugs to women with a history of 
pregnancy morbidity, particularly recurrent mis-
carriage or stillbirth, on the basis of fi nding labo-
ratory evidence of a thrombophilic defect. 
Thromboprophylactic dose of low-molecular-
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weight heparin (LMWH) is usually the preferred 
option and, while the risk of treatment is low, it is 
not zero. Allergic skin reactions occur in 1–2 % 
[ 18 ] although heparin-induced thrombocytopenia 
with thrombosis that often manifests with skin 
necrosis at injection sites rarely if ever occurs in 
pregnancy. Regional analgesia is considered to be 
contraindicated if within 12 h of subcutaneous pro-
phylactic dose heparin [ 19 ]. There seems to be little 
if any risk of osteoporosis with the use of low-dose 
LMWH for the duration of a pregnancy. A review of 
almost 3,000 women prescribed low- dose LMWH 
in pregnancy revealed a very low incidence of com-
plications including bleeding [ 18 ]. 

 Systematic reviews of the results of studies 
reported up to 2005 investigating the association 
between heritable thrombophilia and pregnancy 
loss have been published [ 13 ,  20 – 22 ]. The sum-
mary of results of the most recent is shown in 
Table  3.2 . 

3.5.1     Pregnancy Loss 

 The largest study of pregnancy loss and thrombo-
philia investigated an association with the factor 
V Leiden mutation in over 1,000 consecutive 
Caucasian women [ 23 ]. No association was dem-
onstrated with congenital APC resistance (due to 
the factor V Leiden mutation), but acquired APC 
resistance was more common in women with a 
history of miscarriage. Acquired APC resistance 
refl ects the physiological hypercoagulable state 
of pregnancy, and there may be an association 
between pregnancy loss and other pregnancy 
morbidity; however, in this study, the women 
were tested in the non-pregnant state. A retro-
spective analysis of 64 women homozygous for 
the factor V Leiden mutation compared preg-
nancy outcomes to those in 54 age-matched con-
trol women [ 24 ]. The stillbirth rate in the affected 
women was 3.3 % compared to 1.7 % in the con-
trols and rates of miscarriage were 12 and 10 % 
respectively, results that were not signifi cantly 
different. While the statistically insignifi cant 
results may have resulted from the low power of 
the study, a major difference in outcome between 
heterozygous and homozygous women is 

unlikely, a fi nding suggested also by systematic 
review (Table  3.2 ). The only prospective con-
trolled study investigating the association 
between heritable thrombophilia and pregnancy 
loss showed no increased risk in 48 affected 
women compared to 60 controls [ 25 ]. 

 The systematic review published by Robertson 
and colleagues [ 13 ] showed that recurrent fi rst tri-
mester pregnancy loss in association with anti- 
cardiolipin antibodies was higher than for any 
heritable thrombophilia, and second trimester 
pregnancy loss was strongly associated with lupus 
anticoagulant activity (Table  3.2 ). Late pregnancy 
loss appeared to be most strongly associated with 
protein S defi ciency, but the number of women 
with protein S defi ciency was only 15 and, as indi-
cated in Sect.  3.3 , the diagnosis of heritable pro-
tein S defi ciency is often inaccurate. 

 Individual studies have produced confl icting 
fi ndings on the association between MTHFR 
homozygosity and recurrent pregnancy loss: 
some found an association [ 26 ,  27 ] but others did 
not [ 28 – 30 ], and a meta-analysis suggested that 
there is no association (Table  3.2 ). Adequate folic 
acid supplementation silences the phenotypic 
expression of this polymorphism.  

3.5.2     Preeclampsia and Intrauterine 
Growth Restriction 

 The association between heritable thrombophilia 
and preeclampsia and intrauterine growth restric-
tion appears to be similar to other pregnancy 
morbidity, but fewer data are available. 
Anticardiolipin antibodies appear to be relatively 
strongly associated with growth restriction 
(Table  3.2 ). 

 A meta-analysis suggested that MTHFR 
homozygosity was associated with an increased 
risk only for preeclampsia (Table  3.2 ). However, 
this polymorphism may be associated with an 
increased risk of other pregnancy complications, 
including placental abruption or infarction [ 31 ], 
preeclampsia [ 32 ,  33 ] and pregnancy-induced 
hypertension [ 34 ]. As mentioned above, adequate 
folic acid supplementation silences the pheno-
typic expression of this polymorphism.  
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3.5.3     Recommendations 

 Randomized controlled trials, with a no treatment 
or a placebo arm, in women with a history of 
pregnancy complications are in progress. The 
British Society for Haematology has recom-
mended that results from these trials should be 
awaited before recommending that anticoagulant 
drugs are given to pregnant women based on test-
ing for heritable thrombophilia, but the issue 
remains contentious [ 10 ]. Provisional studies sug-
gest a benefi t of intervention in women with 
thrombophilia but the benefi t, if true, may not be 
restricted to women with thrombophilia. In small 
studies, live birth rates of around 70 % were 
reported compared to live birth rates of around 
30 % in previous pregnancies. However, these 
studies involved small cohorts and there were no 
control groups. If hypercoagulability, and a 
related mechanism such as protease-induced tro-
phoblastic apoptosis, is a material contributory 
factor in many cases of pregnancy morbidity, then 
administration of low-dose LMWH may be ben-
efi cial regardless of whether or not there is labora-
tory evidence of thrombophilia. If there is an 
increased relative risk in women with a laboratory 
“marker,” then a benefi cial effect will be more 
readily demonstrated in women with thrombo-
philia, even though the magnitude of benefi t may 
be the same in women with the same underlying 
pathology but no identifi able thrombophilia 
“marker.” Therefore, until the results of trials in 
women at high risk of pregnancy complications 
and the results of trials specifi cally in women with 
thrombophilia are known, many experts suggest 
that decisions to use low-dose heparin for preven-
tion of pregnancy morbidity should not be made 
in relation to the results of thrombophilia tests. 

 In all future studies, criteria for both diagnosis 
of heritable thrombophilia and pregnancy mor-
bidity must be clearly defi ned a priori [ 35 ]. Many 
studies to date have not defi ned criteria for the 
diagnosis of thrombophilia, they have often relied 
on results of single laboratory measurements in 
individuals, and they have not used strict criteria 
for pregnancy morbidity, for example, the use of 
ultrasound for accurate clinical assessment.   

3.6     Purpura Fulminans 
in the Newborn 

 Purpura fulminans is a rare syndrome character-
ized by progressive hemorrhagic skin necrosis 
that occurs in neonates with congenital severe 
protein C or S defi ciency at birth or in the fi rst 
few days of life (an alternative form of the condi-
tion occurs in association with infection in chil-
dren and adults, and this condition is typically 
associated with acquired severe protein S defi -
ciency). If a neonate develops purpura fulminans, 
levels of protein C and S should be measured 
urgently. Levels are normally low at birth, but the 
condition is associated with undetectable levels. 
Measurement of levels in the parents may help to 
interpret the neonate’s results. Neonatal purpura 
fulminans due to defi ciency of protein C or S 
requires urgent replacement therapy with factor 
concentrate or fresh frozen plasma when concen-
trate is not immediately available. 

 In cases of pregnancy where one partner is 
known to have protein C defi ciency, some experts 
would consider testing the other partner to deter-
mine if there is the possibility of the child having 
severe protein C defi ciency at birth, with a view 
to antenatal detection of a homozygous infant. 
However, this approach is extremely problematic 
and counseling and interpretation of test results 
must be undertaken by an expert. Given the unre-
liability of phenotypic diagnosis, genetic analysis 
is mandatory if antenatal diagnosis is going to be 
considered with a view to termination. Some 
experts would consider this approach only if 
there was a previously affected infant.     
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