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SUMMARY

A number of inherited thrombophilias have been associated with adverse events 

occurring during pregnancy. A common feature of these abnormalities is their 

ability to alter endothelial function and to increase thrombin generation. Their 

effect on low risk pregnancy is controversial. There were three main objectives. 

The first objective was to assess the role of factor V Leiden (FVL), prothrombin 

(PT) G20210A, m ethylenetetrahydrofo late reductase (MTHFR) C667T, 

plasminogen activator inhibitor type 1 (PAI-1) 4G/5G polymorphism and tumor 

necrosis factor a  G308A (TNFa -308) polymorphism in determining maternal and 

fetal outcome in a low risk primigravid population and their influence on placental 

vasculature and morphology. The presence of the cytokines tumour necrosis 

fac to r-a  (TNFa), interleukin-6 (IL-6) and vascular endothelial growth factor 

(VEGF) in this group of women was evaulated and their influence on placental 

vasculature and pregnancy outcome was assessed. A third aim was to evaluate 

certain circulating pro- and anti- coagulants, protein C, protein S, antithrombin, 

fibrinogen, and factor VIII, in a sub group of women with an adverse outcome to 

their pregnancy and in age matched controls.

1,011 low risk primigravida were recruited from the antenatal clinic in the Rotunda 

Hospital at booking. The inclusion criteria were Caucasian women with a 

singleton pregnancy, booking at less than or equal to 20 weeks gestation, with no 

chronic medical conditions, who were on no current drug therapy or who were not 

regular users of substances of abuse. The study participants were seen by the 

researchers at 20-24 weeks, 35 weeks, within 2 days of delivery and 8-10 weeks 

postnatally. Genetic analysis was undertaken for FVL, PT G20210A, MTHFR, 

PAI-1 4G/5G and TNFa -308. Blood samples were collected from each individual 

at booking, 35 weeks and 8-10 weeks postnatally for TNFa, IL-6 and VEGF. 

Samples for protein C and S, antithrombin, fibrinogen and factor VIII were taken



at the same time points but were only measured in a selected cohort of women 

with an adverse outcome (maternal or fetal) and on age matched controls.

There were no identifiable patterns of blood flow resistance in the uteroplacental 

circulation as measured by Doppler or any placental histological changes that we 

could associate with FVL, PT G20210A, MTHFR and PAI-1 polymorphism. These 

women did not have an increased incidence of pre-eclampsia, abruption or mid

trimester loss. Women with FVL had reduced blood loss at delivery compared to 

those with the wild type. Of note, carriers of the AA mutation of TNFa -308 had a 

significant increase in the incidence of clinical and histological abruption.

This work shows the expected increase in the systemic inflammatory response, 

which occurs as pregnancy advances. However this response is wide ranging and 

it is not possible to identify women who will develop pre-eclampsia, lUGR or other 

outcomes purely on the basis of inflammatory markers alone. Increased 

inflammation is associated with findings suggestive of reduced uteroplacental 

perfusion, such as uterine artery pulsatility index >95*^ centile, uterine artery 

notching, and placental infarcts on ultrasound. It is interesting to note that 

perfusion may be reduced, markers of inflammation may be high and these 

women may still have a normal pregnancy outcome. It is possible that women 

with a more active inflammatory process may be at a haemostatic advantage at 

the time of delivery, as a result of the known anticoagulant action of the 

inflammatory cytokines, TNFa and IL-6 as women with levels of these cytokines 

>90**̂  centile had a lower estimated blood loss at delivery. Women with evidence 

of decreased placental perfusion as evidenced by raised Doppler indices, lUGR, 

placental infarction and villous dysmaturity showed more striking changes in 

levels of FVIII and antithrombin than the control population.
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1.1.0 INTRODUCTION

Healthy women embarking on their first pregnancy may expect to have an 

uncomplicated pregnancy. During pregnancy, all maternal systems work 

harder to meet the demands of the developing fetus, including significant 

changes in haemostasis, fibrinolysis and endothelial function. The 

processes of inflammation and coagulation have been shown to be tightly 

linked and influenced by each other. Gestational syndromes such as 

preeclampsia and gestational diabetes can emerge in previously healthy 

women and underlying genetic risk factors can be revealed. A number of 

inherited thrombophilias have been associated with adverse events 

occurring during pregnancy. A common feature of these abnormalities is 

their ability to alter endothelial function and to increase thrombin 

generation. Their effect on low risk pregnancy is controversial. The 

placenta is the interface between the mother and the fetus and plays a 

central role in the successful outcome of pregnancy. Aberrations in 

placental vasculature and morphology have the potential to harm the fetus. 

Impaired placental trophoblast invasion and reduced perfusion may also 

precipitate maternal disease.
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1.2.0 HAEMOSTASIS

Blood coagulation and platelet mediated primary haemostasis have 

evolved as im portant defense mechanism s against bleeding. 

Anticoagulation mechanisms ensure careful control of coagulation and 

under normal conditions, they prevail over the procoagulant forces. 

Disturbances of the natural balance between the procoagulant and 

anticoagulant systems due to genetic or acquired factors may result in 

bleeding or thrombotic events.

Endothelial damage results in release of tissue factor (TF), which is a cell 

membrane bound protein expressed by perivascular cells throughout the 

body. It leads to activation of the coagulation and fibrinolytic systems. 

Coagulation is a cascade system involving complex interactions of soluble 

enzymes and substrates leading ultimately to the formation of the primary 

haemostatic plug. This cascade is tightly regulated by a system of 

feedback loops, which constitute the body’s natural anticoagulation system 

(Figure 1.1).

1.1.1 Procoagulants

1.2.H The Role of Platelets

Exposure of collagen following endothelial disruption leads to activation of 

von Willebrand factor (vWF). This in turn leads to platelet adhesion,

aggregation and activation. Platelet activation leads to the secretion of
4



Figure 1.1 The coagulation cascade
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stored procoagulant molecules from the platelets, and the subsequent 

attraction and enhanced aggregation of more platelets to the site. 

Activation is mediated by a variety of factors. These include thrombin, 

collagen, adenosine diphosphate (ADP) and epinephrine. By far the most 

potent stimuli to platelet activation is thrombin. In vivo, an intact 

endothelium produces nitric oxide (NO) and prostacyclin. Disruption of the 

endothelium, as occurs with intimal damage, impairs the production of NO 

and allows platelet adhesion and subsequent activation. Endothelial 

damage also exposes laminin, collagen and m icrofibrils. These 

subendothellal constituents promote platelet adherence and activation. 

Activation also leads to the availability of binding sites on the platelet 

membrane and the subsequent binding of clotting factors. The most 

important of the platelet collagen receptors are the integrin glycoproteins 

(GP) GPVI and GPIa/lla. GPIa/lla plays a vital role in platelet adhesion, 

while GPVI impacts significantly on platelet activation processes (Watson, 

1999). They both serve to promote coagulation and lead to the conversion 

of soluble fibrinogen to the insoluble fibrin which reinforces the platelet plug 

at the site of injury.

A critical step in the adhesion of platelets is the alteration of the 

morphology of surface membrane protein glycoprotein llb-llla, which then 

binds fibronectin, vWF, vibronectin and most importantly fibrinogen. 

Following platelet activation a change occurs in platelet morphology with 

pseudopod formation and enhanced adhesion.

Specific receptors exist on the platelet surface for thrombin, ADP,

arachidonic acid and collagen which are known to precipitate aggregation
6



and granule secretion in-vitro (Coleman, 1990). The most abundant 

receptor on the platelets surface is an integrin called GP llb/llla complex. 

Following platelet stimulation it undergoes a conformational change and 

becomes a high affinity fibrinogen receptor and in addition mediates 

platelet dispersion and eventual clot retraction (Shattil et al, 1998).

1.2. Hi The Extrinsic Path way

The precipitating event in activation of the extrinsic pathway is the 

exposure of blood constituents to prothrombotic substances that are 

normally not present in the circulation. The major prothrombotic substance 

implicated in activation of the coagulation cascade is tissue factor (TF) 

(Bachli, 2000). TF is a membrane receptor for factor VII, which is the major 

plasma constituent of the extrinsic pathway (Konigsberg et al, 2001). 

Tissue factor is released in response to endothelial damage, sepsis, 

intrauterine death (lUD) or amniotic fluid embolism.

Factor VII is a vitamin K dependant protein. Other vitamin K dependant 

proteins include factor IX, factor X, prothrombin and Protein C and Protein 

S. Activated factor VII is termed factor Vila, and minute amounts are 

present at all times in the circulation.

The complex of TF-factor Vila activates factor IX, which in complex with 

factor VIII cleaves factor X to factor Xa. The complex of TF with factor Vila 

is the initiator of clot formation and is rapidly inactivated by tissue factor 

plasminogen inhibitor (TFPI).

Factor Xa acts with factor V as a cofactor in the conversion of prothrombin 

to thrombin. Therefore, any defect in the extrinsic pathway will lead to a

prolongation in prothrombin time (PT), or the time required for the
7



conversion of inactive prothrombin to the active thrombin. Prothrombin time 

laboratory assessment is an in-vitro assessment of the extrinsic pathway. 

1.2.1iii The Intrinsic Pathway

The intrinsic pathway leads to the activation of factor IX by factor XIa. This 

requires the presence of ionized calcium, and is independent of TF. 

Several proteins are involved including factor XII (Hageman factor), 

prekallikrein (Fletcher factor) and high molecular weight kallekrein (HMWK 

or Fitzgerald factor) (Gailani & Renne, 2007). Factors XI and XII have 

minor roles in the activation of factor IX.

Once factor IX is activated, factor IXa and factor VIII bind to surface 

phospholipids and activate factor X. Similar to the extrinsic pathway, any 

deficiency in the intrinsic pathway will slow the conversion of prothrombin 

to thrombin, and assessment of intrinsic pathway function is carried out in 

vitro using the activated partial thromboplastin time (aPTT). However, 

factor deficiency is not solely linked with haemorrhagic conditions.

1.2. livCommon pathway

The conversion of prothrombin into thrombin requires factor Xa, factor Va, 

calcium and phospholipids. Factor Va production is mediated by factor Xa 

or thrombin. The actual rate of thrombin production is slow until the 

complex of factor Va-factor Xa binds to platelet membrane receptors 

leading to an exponential increase in thrombin production.
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1.1.2 The Natural Anticoagulant System

Regulation of coagulation is exerted at each level of the pathway, either by 

enzyme inhibition or by modulation of the activity of the cofactors.

1.2.2i Tissue-factor-pathway inhibitor

Tissue-factor-pathway inhibitor inhibits the reactions involving tissue factor 

and factor Vila (Broze 1995). This inhibitor is mostly bound to LDL in 

plasma or to heparan sulphate when associated with endothelial cells. The 

lack of tissue-factor-pathway inhibitor may not be compatible with life as no 

deficiency states have been described in human beings.

12.2/7 Protein C and protein S

The protein C anticoagulant system regulates coagulation by modulation of 

the activity of the two co-factors, factors Villa and Va (Dahlback, 1995). 

Protein C is a vitamin-K-dependant zymogen to an anticoagulant protease. 

It is activated on the surface of intact endothelial cells by thrombin that has 

bound to the membrane protein thrombomodulin (Figure 1.2). Activated 

protein C (APC) can cleave the phospholipid-membrane-bound cofactors 

factors Va and Villa, which results in inhibition of the coagulation system.
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Figure 1.2 Endothelial activation of coagulation and Protein C 
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A vitam in-K-dependant cofactor protein, protein S, supports the 

anticoagulant activity of APC.

In human plasma, about 30% of protein S is free, the remainder being 

bound to the complement regulatory protein C4b-binding protein 

(Dahlback, 1995). APC and free protein S form a membrane-bound 

complex, which can cleave factors V illa and Va even when they are part of 

fully assembled tenase and prothrombinase complexes. Tenase is the 

name given to the complex of FVIIIa and FIXa on the platelet surface. The 

prothombinase complex is the phospholipids-bound complex of FXa and 

FVa. Only free protein S complexes with ARC; therefore any condition (eg 

pregnancy, inflammation and surgical stress) that increases the C4b- 

binding protein, will reduce protein S activity.

1.2.2iii Antithrombin

Most of the enzymes, including Xa, IXa and Vila, generated during 

activation of coagulation are inhibited by the serine-protease inhibitor 

antithrombin (previously called antithrombin III). Antithrombin binds with 

thrombin to form the stable thrombin-antithrombin complex (T-AT), thereby 

preventing the conversion of fibrinogen to fibrin by thrombin. The 

physiological role of antithrombin is to limit the coagulation process to sites 

of vascular injury and to protect the circulation from liberated enzymes 

(Dahlback, 2000). The binding of heparin to antithrombin increases its 

activity by up to 1000-fold. This mechanism is the molecular basis for the 

use of heparin as a therapeutic anticoagulant (Lindahl and Kjellen, 1991).
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1.1.3 Fibrinolytic system

The fibrinolytic system (Figure 1.3) acts as a balance to the coagulation 

system, preventing excess clotting by breaking down fibrin. Although a 

separate process from coagulation, its effector is the end product of the 

coagulation cascade, fibrin (Lijnen and Collen, 1995).

Plasminogen is a proenzyme that is activated by tissue plasminogen 

activator (tPA) and urokinase-type plasminogen activator (uPA) to plasmin. 

Plasminogen activation via tPA is mainly concerned with dissolution of 

fibrin in the circulation, while uPA activation is cell-associated and involved 

in the process of tissue remodeling and repair, macrophage function, 

ovulation, embryo implantation and tumour invasion (Roberts and Tabares, 

1995). Plasminogen is activated to plasmin via cleavage of the 

Arginine561-Valine562 bond by tPA. This exposes the active site of 

plasmin allowing it to degrade fibrin monomers (Lijnen and Collen, 1995). 

In the absence of fibrin, tPA has a very low affinity for plasminogen which 

increases two-fold upon fibrin introduction to the circulation. The plasmin 

protein is a trypsin-like serine protease which dissipates cross linked fibrin 

monomers to fibrin fragments, inactivating fibrin. (Lijnen and Collen, 1995). 

1.2.3.i Regulation o f fibrinolysis

Similar to the coagulation cascade, the fibrinolytic pathway has many 

influential regulatory elements, preventing over-dissolution of the clot and 

subsequent bleeding. Three main inhibitors of fibrinolysis exist that are 

directly linked to the pathway itself, plasminogen activator inhibitor-1 (PAI-

1), a 2 .antiplasmin (cx2AP) and a 2 macroglobulin («2 M). PAI-1 is the most
12



Figure 1.3 Fibrinolysis
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prominent of these inhibitors and can be found in plasma, placenta and the 

extracellular matrix, however it is not stored in these cells but is 

synthesized and secreted as an active inhibitor. One exception to this is in 

platelets where it is stored in a-granules, which secrete PAI-1 upon platelet 

activation (Lijnen and Collen, 1995). PAI-1 inactivates tPA, inhibiting the 

process of clot dissolution and promoting coagulation (Rijken, 1995). PAI-1 

has its own positive and negative regulators originating from the 

coagulation pathway and the renin-angiotensin system (RAS). The RAS 

exerts its effect on fibrinolysis via Ang II, a vasoconstrictor that functions at 

the local vascular level by influencing endothelial function and smooth 

muscle proliferation and regulating vascular tone. It causes the release of 

PAI-1, inhibiting fibrinolysis and promoting coagulation (Vaughan, 2002). 

Positive regulation occurs as a result of increased coagulation via the 

production of Bradykinin that induces the release of tPA, activating the 

system of clot degradation.

If the fibrinolytic pathway proceeds beyond the point of plasmin formation, 

cx2-antiplasmin (cx2AP) and a 2 macroglobulin (aaM) provide further 

regulation. They both inhibit plasmin but cx2 M has a lower affinity for 

plasmin making it less specific (Roberts and Tabares, 1995). Further 

regulation is achieved by the protein Thrombin Activatable Fibrinolysis 

Inhibitor (TAFI). TAFI is converted into its active form by the thrombin- 

thrombomodulin complex, competing with Protein C for binding. It 

downregulates fibrinolysis by removing the lysine and arginine residues 

from the carboxy terminal of fibrin; these residues are pivotal to plasmin
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binding and subsequent fibrin degradation (Nesheim et at, 1997). This 

further emphasizes the interdependence of the coagulation and fibrinolytic 

systenns.

1.3.0 HAEMOSTASIS IN PREGNANCY

Normal pregnancy is associated with changes in all aspects of 

haemostasis including the concentrations of most clotting factors. These 

changes help in establishing and maintaining placental circulatory function 

during pregnancy and ensure rapid and effective control of bleeding at the 

time of placental separation.

1.3.1 Procoagulants and pregnancy

Plasma concentrations of the procoagulants change significantly during 

normal pregnancy. Levels of prothrombin (factor II) (O’Riordan and 

Higgins, 2003), factor VII (Dalaker and Prydz, 1984), factor X, factor XII 

and factor VIII (O’Riordan and Higgins, 2003) all increase during 

pregnancy. Conflicting results for factor XI have been reported. Philips and 

others (1973) and Seller and Ebert (1982) reported that factor XI levels fall 

gradually reaching average levels of 60 to 70% at term. While Condie 

(1976) reported that levels of factor XI remain static or show a slight 

increase.

Factor VIII, von Willebrand factor antigen and ritocetin cofactor all

significantly increase (Cadroy, 1993). Initially, factor VIII and von
15



Willebrand factor increase in parallel but the ratio of von Willebrand factor 

to factor VIII coagulant activity changes in the last trimester. This 

divergence may reflect the selective effect of thrombin on factor VIII 

coagulant activity (Thornton and Bonnar, 1977). Allowing for plasma 

volume increases, total circulating fibrinogen is twice the non-pregnant 

amount (Stirling et al, 1984). Animal studies suggest that this rise is due to 

increased synthesis, as hormonal changes alone would not appear to be 

sufficient to account for the full increase in fibrinogen (O’Riordan and 

Higgins, 2003).

1.3.2 Changes in the natural anticoagulant system in pregnancy

Protein C levels remain within the reference range for nonpregnant women 

and do not appear to change in pregnancy (Kjellberg et al, 1999). 

Concentration of free protein S drops in the first trimester as early as 6 

weeks gestation (Clark et al, 1998) and decreases continuously until the 

third trimester (Faught et al, 1995). Eight weeks postpartum, 15% of 

women have levels below the reference range for non-pregnant women 

(Kjellberg et al, 1999). Thus, this should be taken into consideration when 

evaluating thrombophilia.

Activated protein C resistance (APCR) shows a progressive increase

during pregnancy, with 38% of patients having changes that fall outside the

normal range. This increase in APCR in pregnancy has been shown to

correlate positively with changes in factor VIII, factor V (Clark et al, 1998),

factor IX (Lowe et al, 1999), factor X and factor XI (Kluft et al, 1999). There

appears to be an inverse relationship with changes in protein S levels in
16



pregnancy (Clarke et al, 1998). Higher resistance is noted on protein S- 

deficient patients (de Ronde and Bertina, 1994). Increasing antithrombin 

levels are associated with increasing APCR (Lowe et al, 1999). 

Antithrombin levels are reportedly unchanged during pregnancy (Weiner 

and Brandt, 1980). Thrombin-antithrombin (T-AT) complex levels have 

been shown to increase significantly from 28 weeks gestation onwards 

(Higgins et al, 1998) compared to 18-24 weeks gestation.

1.3.3 Changes in fibrinolysis in pregnancy

Overall, it appears that there is a decrease in plasma fibrinolytic activity 

during pregnancy, labour and delivery (Brenner, 2004). Recent studies 

have shown that the concentration of the plasminogen activators, tissue 

plasminogen activator (tPA) (Halligan, 1994) and urokinase-type 

plasminogen activator (u-PA)(Koh et al, 1992) increase in pregnancy. 

These changes are balanced by a several fold increase in PAI-1 levels and 

production of plasminogen activator inhibitor-2 (PAI-2)(Halligan, 1994). 

PAI-2 is an inactivator similar to PAI-1, which is produced in large 

quantities by the placenta (Sheppard and Bonnar, 1999). As villous cells 

are the source of PAI-2, changes in the amount and quality of placental 

tissue may influence its plasma level (de Boer et al, 1989). Fetal growth 

and development may also influence PAI-2 levels (Sheppard and Bonnar, 

1999). TAFI antigen levels are also increased during pregnancy (Chabioz 

etal, 2001).

High levels of fibrinogen and fibrin degradation products (Higgins et al,

1998) seen in the latter part of pregnancy run counter to the concept of
17



depressed fibrinolysis. D-dimers are widely used in clinical practice as a 

marker of activity within the coagulation system. During normal pregnancy, 

D-dimers increase with gestation and are further raised in the immediate 

postpartum period (Ghirardini et al, 1999). Therefore, caution needs to be 

exercised in interpretation of D-dimer levels in pregnancy and the 

puerperium.

1.4.0 INHERITANCE AND GENETICS

1.4.1 Inheritance and genetic polymorphism

Our knowledge of genes chromosomes and modes of inheritance all stems 

from the original works of the Austrian monk, Gregor Mendel, who in 1865 

published his cross breeding experiments on the garden pea (Mueller and 

Young, 1995).

Through his work and the subsequent investigations of other scientists 

later in the 1900s the ‘laws of inheritance’ for many organisms were 

established. The discovery of chromosomes and the genes they house led 

to the explosive study of inheritance or genetics (Brown, 1996)

One of the laws that Mendel speculated upon was the law of segregation 

which stated that each individual organism possesses two genes for a 

particular trait or characteristic (e.g. tallness and shortness) and that only 

one of these genes can be transmitted at any time. We now know that 

each gene within eukaryotic organisms can split in two or more forms

called alleles. During cell replication, the splitting of the chromosome
18



dictates which allele will be transmitted to the progeny’s cell and 

subsequently which trait will be expressed by the offspring. Furthermore, 

the laws of inheritance suggest that siblings will have related alleles 

creating only four possible alleles in one nuclear family for a given gene, 

two from the maternal chromosomes and from the paternal chromosomes. 

In addition, an allele for a particular trait may be expressed as dominant or 

recessive, leading to two possible types of allele pairs, homozygotes (two 

of the same alleles) or heterozygotes ( two different alleles) (Brown, 1996). 

In the case of recessive alleles, an individual may appear not to be 

carrying that allele type, since the dominant allele is being phenotypically 

expressed, which is often the case with heterozygote genotypes (Mueller 

and Young, 1995).

These basic laws of inheritance have led to the discovery that the human 

genome is highly variable as no two individuals have identical genomic 

sequences due to this phenomenon of two or more allelic variants at a 

particular genetic locus. Today, these variants in allele type are referred to 

as polymorphic regions of the gene. A genetic polymorphism is defined as 

‘... the occurrence in a population of two or more genetically determined 

forms, in such frequencies that the rarest of them could not be maintained 

by mutation alone’ (Mueller and Young, 1995). These variants are often 

due to single nucleic acid differences between individuals, insertion or 

deletion of nucleic acids, or the occurrence of a repeat region of a 

particular segment of nucleotides at a given genetic locus. If these 

differences occur within a region of the genomic sequence that encodes

the site of action of enzymes that cut DNA (restriction enzymes), then
19



exposure to such enzymes will produ ce different size fragments of DNA for 

each genotype. This method of genome analysis is called Restriction 

Fragment Length Polymorphism (RFLP) analysis and is exploited in 

molecular genetics when such RFLP patterns occur at a mutation site that 

is responsible for altering protein production (Mueller and Young, 1995). In 

these types of tests, three genetic profiles are created from the different 

patterns of enzyme cutting. Homozygote wild types (WT) occur when both 

alleles are the same, possessing the normal genetic sequence, while 

heterozygote individuals possess two different alleles, one representing a 

base pair or sequence difference. Homozygote mutant individuals are 

those with both alleles the same but representing the changed sequence. 

This is the basis of genotyping a population or family for a given genetic 

variant to determine its role in the health of these individuals.

1.4.2 Genetic Epidemiology

Advances in human genetics, the increasing information emerging from the 

Human Genome Project and the ever changing environment, are all factors 

that are today influencing the extraordinary changes occurring in relation to 

how diseases are studied and treated. Genetic epidemiology allows us to 

study the familial distribution of traits, how they interact with the 

environment to produce various disease phenotypes in humans, in 

particular in the case of multifactorial disorders such as pre-eclampsia and 

thrombotic disease. It endeavours to elucidate the potential influence of 

gene-gene and gene-environment interactions, determining the cause.
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incidence, distribution and control of disease in groups of relatives and of 

inherited causes of disease in populations (Kaprio, 2000).

With the increasing knowledge emerging from genetic research, there is a 

greater need for an understanding of how to use this genetic information to 

promote health and prevent disease, the ultimate goal of public health 

initiatives. Lack of population-based information about distribution of 

genotypes in and between different populations and a lack of knowledge 

about the significance of these genetic variants in relation to the disease in 

question can make this goal difficult to achieve. Genetic epidemiology 

studies provide a link between the public health sector and the science 

sector. Population-based epidemiology studies are required to quantify the 

impact of genetic variants on the risk of disease occurrence, morbidity and 

mortality. These studies are also necessary to identify and quantify the 

impact of modifiable risk factors that interact with gene variants and that 

may be used to help preventative interventions. In addition, such 

information has the potential to help target behavioural and environmental 

interventions.

1.5.0 INHERITED THROMBOPHILIAS AND PREGNANCY

1.5.1 Inherited thrombophilias

The first report of a family with an identified hereditary tendency to 

thrombosis (a deficiency of antithrombin) was made by Egeberg in 1965. In

the 1980s, protein C (Griffin et al, 1981) and protein S deficiency
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(Schwartzet al, 1984) were described in familial thrombophilia - 

thrombophilia being a tendency to venous thrombosis. Resistance to 

activated protein C was first described in 1993 (Dahlback et al, 1993) and 

subsequently shown to be caused by a mutation in clotting factor V, factor 

V Leiden (FVL) (Bertina et al, 1994). Since protein C, protein S and 

antithrombin are the main natural inhibitors of the procoagulant system, a 

heterozygous deficiency of these proteins leads to excessive thrombin 

formation. The estimated prevalence of thrombophilic disorders as 

described in a systemic review by Kujovich in 2004 is shown in Table 1.1.

A point mutation in the factor V gene, at nucleotide 1691, codes for the 

activated protein C (APC) cleavage site (factor V Leiden mutation). Thus it 

is less sensitive to the natural anticoagulant protein C- protein S system 

which leads to APC resistance. This leads to a gain in function rather than 

a loss in function. Factor V Leiden is the commonest of the heritable 

thrombophilias, having a reported prevalence of 2-15% in Caucasian 

populations (Walker et al, 2001). Other abnormalities have been described 

that lead to a gain in function and excesses in the procoagulant system. A 

mutation in the 3’-untranslated region of the prothrombin gene (G to A at 

position 20210, FT G20210A) is associated with increased levels of 

prothrombin, and an increased risk of thombosis (Poort et al, 1996). This 

mutation has a prevalence of 2-5% (Walker et al, 2001). The incidence of 

these thrombophilias is much lower in women with Asian and African 

ethnic backgrounds (Mack et al, 1999).
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Table 1.1 Estimated prevalence of thrombophilic disorders

Defect % of general 

population

% of patients 

with first VTE

Risk of VTE 

(OR)

Antithrombin 0.07% 1% 10-20

deficiency

Protein C deficiency 0.3% 3% 6-8

Protein S deficiency 0.2% 3% 2-6

Factor V Leiden 2-15% 20% 4-8

(heterozygous)

Factor V Leiden 0.06% 1.5% 80

(homozygous)

Prothrombin (PT 3% 6% 2-4

G20210A)

Hyperhomocysteinemia 5% 11-12% 2-3

Homozygous MTHFR 10-20% 10-15% 0.7-2

C677T

VTE= Venous thromboembolism. 
Adapted from Kujovich, 2004
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High concentrations of clotting factor VIII are related to increased risk of 

thrombosis (Koster et al, 1995). High concentrations of clotting factors are 

not caused by a mutation that has disrupted the normal sequence of a 

gene as is the case with the deficiencies, but are the result of more subtle 

changes in the regulation of gene activity. For factor VIII there are at least 

three sets of genes involved (Rosendaal, 1999).

Hyperhcmocysteinaemia is an abnormality that has been associated with 

arterial and venous thrombosis (Den Heijer et al, 1998). Mutations of 

methylene tetrahydrofolate reductase (MTHFR) lead to increased 

concentra tions of hom ocyste ine. Most ind iv idua ls  w ith 

hyperhcmocysteinaemia do not carry the genetic variant but have impaired 

methionine metabolism (Ubbink et al, 1993). A cytosine (C) to thymine (T) 

nucleotide transition has been reported at nucleotide 677 of the MTHFR 

gene that results in the production of a thermolabile enzyme with 50% 

activity (t-MTHFR). Homozygosity for the MTHFR mutation is found in 8- 

10% of healthy individuals (Walker et al, 2001). It has been reported at a 

frequency of 12% in the Irish population (Mynett-Johnson et al, 2002).

A guanosine insertion/deletion polymorphism in the promoter region of the 

in the plasminogen activator inhibitor-1 (PAI-1) gene at the _ 675 bp 

position, named 4G/5G, has been described (Eriksson et al, 1995). The 4G 

allele has been shown to be associated with higher plasma levels of PAI-1 

than the 5G allele (Margaglione et al, 1997) and hence reduced fibrinolytic 

activity. It is suggested that PAI-1 polymorphisms are associated with an 

increased risk of venous and arterial thromboembolism (Sartori et al,

1998), although this is controversial (Glueck et al, 2000).
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1.5.2 Inherited thrombophilias and pregnancy complications

Thrombotic mechanisms underlie many pregnancy complications. Serious 

obstetric complications such as severe preeclampsia, intrauterine growth 

restriction (lUGR) and placental abruption are leading causes of perinatal 

morbidity and mortality and may involve impaired placental perfusion. 

Pulmonary embolus (PE) arising from deep-vein thrombosis (DVT) remains 

the leading cause of maternal death in the UK, according to the recent 

Confidential Enquiry into Maternal and Child Health (CEMACH) report 

(Lewis, 2007). The risk of venous thrombosis is 5- to 10-fold higher during 

pregnancy than in non-pregnant women of similar age (RCOG Guideline 

No. 28, 2007). The frequency of venous thromboembolism is similar in all 3 

trimesters, but 3- to 10-fold higher in the postpartum period (Rodger et al, 

2004). Thrombophilic disorders are identified in more than 50% of women 

with pregnancy-related venous thrombosis. The precarious balance 

between procoagulant and anticoagulant pathways also occurs at the 

placental level. The low pressure and flow velocity characteristic of the 

placental circulation combined with the hypercoagulability of pregnancy 

may also predispose to thrombosis. Thrombophilia may increase the 

susceptibility to placental thrombosis, with a corresponding higher risk of 

several obstetric complications

There is increasing evidence that women with thrombophilia are at 

increased risk not only of pregnancy-related venous thromboembolism 

(VTE) but also other vascular pregnancy complications including fetal loss,

pre-eclampsia and lUGR (Walker, 2000) (Alonso et al, 2002). One of the
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early reports found that 65% of women with pre-eclampsia, lUGR, 

unexplained stillbirth or placental abruption had a form of heritable or 

acquired thrombophilia (Kupferminc et al, 1999). This study looked at 110 

women with adverse pregnancy outcome and 110 normal pregnancies. 

There population had a relatively high frequency of thrombophilia (17% of 

normal population and may reflect the ethnic group represented. Many 

studies have been published, examining the relationship between 

thrombophilias and different pregnancy outcomes, showing varied results. 

The majority of studies investigating the links between thrombophilia and 

adverse pregnancy outcomes have focused on high risk pregnancy and/or 

have been retrospective analyses. Alfirevic et al carried out a systematic 

review of maternal thrombophilia and adverse maternal pregnancy 

outcome in 2002. They found 25 studies met their inclusion criteria. The 

patients in all of these studies were highly selected following an adverse 

pregnancy outcome. The results therefore cannot be extrapolated to the 

general population. In 2006, Robertson and others published a systematic 

review of thrombophilia in pregnancy. They found 79 studies met their 

inclusion criteria for analysis. Overall, the methodological quality of the 

studies were sound, however they felt a major limitation common to most 

studies was the failure to identify additional risk factors in the populations 

studied. Both systematic reviews identified interstudy heterogeneity. They 

postulated that this could be due to the various ethnic backgrounds from 

which the study populations arose. We aimed to reduce heterogeneity in 

our study population by recruiting a selected low-risk primigravid

population from the Caucasian population.
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1.5.2.i Factor V Leiden in pregnancy

Robertson (2006) found 50 studies relating to Factor V Leiden (FVL) and 

pregnancy outcome. They found significant association between carriers of 

FVL and early pregnancy loss (homozygous (odds ratio (OR) 2.71) and 

heterozygous (OR 1.68)), non-recurrent 2"'* trimester loss (OR 4.12) and 

late pregnancy loss (OR 2.06) (Table 1.2). Pre-eclampsia was significantly 

associated with heterozygous FVL (OR 2.19), as was abruption (OR 4.7).

1.5.2.iiProthrombin G20210A in pregnancy

There were 31 studies relating to the prothrombin G20210A mutation in 

Robertson’s systematic review (2006). This showed that heterozygous 

carriage of the prothrombin G20210A mutation (Table 1.3) carried an 

increased risk of early pregnancy loss (OR 2.49), 2"“̂ trimester non

recurrent pregnancy loss (OR 2.18), late pregnancy loss (OR 2.66) and 

pre-eclampsia (OR 2.54). Heterozygous presence of the prothrombin 

mutation was associated with the highest risk of abruption amongst all 

thrombophilias (OR 7.71).
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Table 1.2 Factor V Leiden in pregnancy

Early pregnancy loss (homozygous) 

Early pregnancy loss (heterozygous) 

Non recurrent 2nd trimester loss* 

Late pregnancy loss (homozygous) 

Late pregnancy loss (heterozygous) 

Pre-eclampsia (homozygous) 

Pre-eclampsia (heterozygous) 

Abruption (homozygous)

Abruption (heterozygous) 

lUGR (homozygous) 

lUGR (heterozygous)

Odds Ratio 95% Cl p

2.71 1.32,5.58 0.007

1.68 1.09,2.58 0.02

4.12 1.93,8.81 0.0003

1.90 0.40,9.69

2.06 1.10,3.86 0.02**

1.87 0.44,7.88 0.39

2.19 1.46,3.27 0.0001

8.43 0.41,171.2

4.70 1.13,19.59 0.03**

4.64 0.19,115.69

2.68 0.59,12.13 0.20**

*= combined homozygous and heterozygous 
**= value for homozygous and heterozygous combined 
1UGR= Intrauterine growth restriction 
Adapted from Robertson et al 2006

Table 1.3 Prothrombin G20210A (heterozygous) in pregnancy

Odds Ratio 95% Cl P
Early pregnancy loss 2.49 1.24,5.00 0.01

Non recurrent 2nd trimester loss 8.60 2.18,33.95 0.002

Late pregnancy loss 2.66 1.28,5.53 0.009

Pre-eclampsia 2.54 1.52,4.23 0.0003

Abruption 7.71 3.01,19.76 <0.001

lUGR 2.92 0.62,13.70 0.17

IUGR= Intrauterine growth restriction 
Adapted from Robertson et al, 2006.
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1.5.2.Hi Methylene tetrahydrofolate reductase (MTHFR C677T) in 

pregnancy

Murphy et al (2000) in a similar Irish population to our study group had 

shown no difference in pregnancy outcome in women carrying the MTHFR 

mutation. In Robertson’s (2006) systematic review with 27 studies relating 

to MTHFR, pre-eclampsia was the only outcome for which a small but 

significant relationship to the homozygous presence of the MTHFR 

mutation was found (OR 1.37, Table 1.4).

1.5.2.iv Antithrombin deficiency in pregnancy

Alfirevic et al (2002) in a systematic review showed no association 

between adverse pregnancy outcome and antithrombin. This was 

supported by Robertson (2006). However due to the relatively small 

numbers, it is possible an effect could be missed. Larchiprete et al in 2007 

showed a small decreased risk (relative risk (RR) = 0.8) of pre-eclampsia 

in women carrying the antithrombin mutation.

1.5.2 . V  Protein C and protein S deficiencies in pregnancy

Of all thrombophilias, Robertson (2006) showed that protein S deficiency 

appears to carry the strongest risk of late pregnancy loss (OR 20.09). 

Alfirevic and others (2002) showed protein S deficiency to be associated 

with lUGR (OR 2.83). However their findings were based only on three 

studies and they did not use a prespecified definition of lUGR. In 2001, 

Alferevic and others showed an association with protein C deficiency and 

pre-eclampsia and late pregnancy loss.
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Table 1.4 Methylene tetrahydrofoiate reductase (MTHFR C677T 

homozygous) In pregnancy

Odds Ratio 95% Cl P
Early pregnancy loss 1.4 0.77,2.55 0.27

Late pregnancy loss 1.31 0.89,1.91 0.17

Pre-eclannpsia 1.37 1.07,1.76 0.01

Abruption 1.47 0.40,5.35 0.56

lUGR 1.24 0.84,1.82 0.28

IUGR= Intrauterine growth restriction 
Adapted from Robertson et al, 2006.
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1.5.2vi Plasminogen activator inhibitor-1 (PAI-1)(4G/5G) polymorphism in 

pregnancy

Genetic and environmental determinants of PAI-1 expression are 

incompletely understood. A guanosine insertion/deletion polymorphism in 

the promoter region of the PAI-1 gene at the -675 bp position, called 

4G/5G has been described and has been associated with increased PAI-1 

plasma levels with the 4G/4G genotype (Dawson et al, 1993). There is 

controversy regarding whether the 4G/5G polymorphism of the PAI-1 gene 

is a risk factor for deep venous thrombosis (Stegnar et al, 1998; Sartori et 

al, 1998). Its relationship to pregnancy complications is also uncertain. 

Studies are conflicting, with some showing an association (Glueck et al, 

2000; Fabbro et al, 2003) and others no association (Megalic et al, 2003). 

There appears to be an association between recurrent pregnancy loss and 

presence of the PAI-1 4G/5G mutation (Dossenbach-Glaninger et al, 

2008). It is hypothesized that PAI-1 4G/4G may compromise regular 

placental formation and invasion because of increased PAI-1 expression 

and concomitant reduced fibrinolytic activity (Buchholz et al, 2003).
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1.6.0 THE PLACENTA

1.6.1 Uteroplacental circulation and haemostasis

Within the uteroplacental circulation, the haemostatic system faces the 

conflicting physiological challenges of maintaining the fluidity of maternal 

blood at the fetal-maternal Interface while preparing for the haemostatic 

challenge of childbirth. The special architecture and function of the 

placenta give rise to certain haemostatic features. The potential targets for 

pathological coagulation include the maternal uteroplacental circulation, 

the basal plate, the intervillous space, the villous (syncltlotrophoblast 

(STB)) surface and the fetoplacental vasculature (Lanir et al, 2003). 

Coagulation on the placental trophoblast surface may be initiated by 

various stimuli including apoptosis and circulating endotoxin. STB has 

been shown to express large amounts of tissue factor (TF), the main 

activator of coagulation, which can be modulated by cytokines (Lanir et al, 

2001). Trophoblast is a continuously renewing epithelium with phases of 

proliferation, fusion, functional differentiation, terminal differentiation and 

apoptosis (Crocker et al, 2001). Haemostatic events operating at the 

maternal surface of the trophoblastic epithelium Influence the steady state 

between coagulation and fibrinolysis. Damaged epithelium is likely to 

activate extrinsic coagulation. Healthy STB cells are potentially pro

coagulant by externalising phosphatidylserine on Its maternal membrane 

surface during cytotrophoblast fusion.

Despite these observations, coagulation does not normally happen across

the entire villous surface, partly because trophoblasts produce
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anticoagulant proteins thrombomodulin (TM) and annexin V (Fazel et al, 

1998; Krikun et al, 1994) and other factors including the nitric oxide 

synthase which has an effect on platelet function. Increased levels of TM 

expression occur in term placentae compared to placentae in the first 

trimester. This high level of TM expression was associated with a 

significantly Increased ability to activate protein C (Fazel et al, 1998). 

Higher urinary and plasma levels of TM have have been found in pre

eclamptic pregnancies and pregnancies complicated by abruption 

(Magriples et al, 1999). Annexin V is produced by villous trophoblasts and 

inhibits coagulation by binding to phospholipids, which makes it a target in 

the antiphospholipid syndrome (Rand et al, 1997). Whether annexin V or 

other natural anticoagulants in the placenta are sufficient to prevent clotting 

in the placental circulation when the mother has an inherited form of 

thrombophilia is uncertain.

The haemostatic changes that occur in the uteroplacental circulation during 

pregnancy induce physiological adaptation in the uterine spiral arteries 

which are required to accommodate the increased maternal blood flow to 

the intervillous space. Much of the vascular endothelium and underlying 

smooth medial smooth muscle is replaced by trophoblasts and fibrin or 

fibrinoid forms a major morphological feature of arterial walls. Compared 

with endothelial vasculature, the trophoblasts lining the decidual spiral 

arteries have a reduced capacity to lyse fibrin. This may be due to high 

levels of plasminogen activator inhibitors (PAI) found there (Sheppard and 

Bonnar, 1999). Fibrinolysis is activated by tissue-plasminogen activator

(tPA) and urokinase (u-PA) and is inhibited by PAI-1 and PAI-2. Both
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activators and inhibitors are secreted by placental endothelial cells, 

following stimulation by cytokines amd growth factors (Estelles et al, 1998). 

PAI-1 end PAI-2 increase during the course of pregnancy (Kruithof et al, 

1987). Over-expression of PAI-1 may compromise normal fibrin clearance 

mechanisms and promote pathological fibrin deposition when the clotting 

cascade is activated (Lanir et al, 2003). A variety of factors, such as 

cytokines, growth factors and changes in flow velocity are capable of 

affecting the expression of PAl-1 (Kanfer et al, 1996).

In pathological pregnancies, the haemostatic balance appears to be 

disturbed. The number of vessels that show evidence of trophoblastic 

invasion is decreased (Khong et al, 1986). Also, trophoblastic invasion is 

shallow and does not proceed beyond the decidual portion of the spiral 

arteries. Uteroplacental blood flow is impaired and this is reflected by 

abnormal uteroplacental Doppler flow velocity studies which have been 

demonstrated in pre-eclamptic pregnancies and pregnancies with lUGR 

(North et al, 1994). Acute atherosis is the classical pathological lesion. This 

is characterized by fibrinoid necrosis, accumulation of lipophages in the 

damaged arterial walls and plaques on the intimal surfaces of vessels 

containing large amounts of lipid, smooth muscle cells and fibrin (Meekins 

et al, 1994).

The disordered haemostasis within the uteroplacental circulation which 

leads to excessive fibrin deposition remains poorly understood. Given that 

a maternal blood flow of up to 700 ml per minute must be stopped almost 

immediately at placental separation it would appear advantageous that the

coagulation system would be ‘primed’ for delivery. The increase in
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fibrinolytic activity is therefore an important reactive response to prevent 

excessive fibrin deposition and impairment of placental blood flow 

antenatally. In an effort to assess the balance between the opposing forces 

of coagulation and fibrinolysis, in both the peripheral and uteroplacental 

circulation, in normotensive and pre-eclamptic pregnancies, Higgins et al 

(1998) simultaneously measured end-products of both coagulation (soluble 

fibrin and thrombin -  antithrombin (T-AT) complex) and fibrinolysis 

(plasmin-a2-antiplasmin (PAP) complex and fibrin-degradation products 

(D- dimer) [FDPd]) in samples taken from the antecubital and uterine veins. 

They concluded that an abnormal haemostatic pattern occurs within the 

uteroplacental circulation in pre-eclampsia. Decreased levels of soluble 

fibrin are consistent with accelerated conversion to fibrin and associated 

with a reactive increase in fibrinolysis. These data would be in keeping with 

the concept that the uteroplacental haemostasis is vulnerable to a further 

insult such as the presence of an inherited thrombophilia.

1.6.2 Placental histology and Inherited thrombophilia

Controversy exists regarding the nature of the relationship between 

thrombophilia and placental pathology; are coagulation abnormalities the 

underlying causes of abnormal placentation or do they adversely affect an 

already compromised placenta? Raspollini (2007) reviewed 

histopathologic findings in women with a known thrombophilia. She 

reported that no placental lesion appears to be unique or specific for 

thrombophilia and placentae can be completely normal in the presence of

thrombophilia. This paper reviewed the literature relating to the
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development of each particular histopathological feature and then 

discussed its association with thrombophilia. The placental pathology of 

adverse outcomes such as intra-uterine growth restriction and pre

eclampsia is very similar in patients with and without thrombophilia 

(Redline, 2006). The predominant findings in both circumstances are 

lesions associated with maternal vascular underperfusion. Although this 

suggests that thrombophilia accelerates an already pre-existing condition, 

the underlying causes of maternal vascular underperfusion are poorly 

understood and similar pathologic findings could simply represent a final 

common pathway for different underlying abnormalities.

1.6.2i Thrombophilia and the maternal circulation

The maternal circulation undergoes profound and specific alterations in 

pregnancy. Overall circulatory volume increases by 30-40%, the spiral 

arteries increase 2 to 3 fold in diameter and spiral arterioles are invaded by 

invasive endovascular and interstitial trophoblast converting them into 

dilated funnel shaped conduits lacking a functioning contractile smooth 

muscle wall. This arterial remodeling is concentrated on the inner two- 

thirds of the placenta resulting in preferential central flow. Derangements at 

any point in the maternal circulation can result in the following types of 

placental lesions. 

a) Increased syncitial knots

Intervillous hypoxia, distal villous hypoplasia, intervillous hyperoxia and the 

accumulation of oxygen free radicals have been shown to trigger increased 

apoptosis and accelerated STB turnover which is manifested pathologically 

as increased syncitial knots
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b) Increased intervillous fibrin

Maternal circulatory stasis can lead to the accumulation of increased 

intervillous fibrin around the stem villi, chorionic plate and basal plate 

(Mandsager et al, 1994). Massive perivillous fibrin deposition (also known 

as maternal floor infarction) has been associated with thrombophilia and is 

an uncommon but important cause of perinatal morbidity and mortality 

(Raspollini et al, 2007)

c) Villous infarction

Complete thrombotic occlusion of an incompletely or abnormally 

remodeled spiral artery results in the formation of a wedge shaped villous 

infarct. If the artery undergoes reperfusion it can rupture leading to acute 

retroplacental haemorrhage and the clinical syndrome of placental 

abruption.

d) Umbilical cord <8mm

Fetal hypovolaemia as a result of maternal underperfusion can result in a 

thin umbilical cord (Redline, 2006)

e) Distal villous hypoplasia

Prolonged and severe maternal underperfusion can lead to chronically 

decreased fetoplacental pefusion, leading to truncation of terminal 

villogenesis resulting in distal villous hypoplasia. This in turn can cause 

reduced placental weight.

Many and others (2001) looked at 68 women with severe pregnancy 

complications, 32 of whom had an inhertited thrombophilia (FVL, MTHFR

C677T, PT G20210A, or deficiencies of protein C, protein S or
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antithrombin) and 36 of whom did not. They found a higher number of 

vascular lesions in women with thrombophilias compared to those without. 

However, Mousa and Alfirevic (2000) looked at a similar group and found a 

poor correlation between pathological changes and thrombophilia status. In 

both of these studies, it is unclear whether all women in their units with an 

adverse outcome were screened. Neither group mentioned what the 

underlying prevalence of inherited thrombophilia in their populations were. 

Both studies report a very high frequency of thrombophilia in women with 

adverse outcome, which may suggest selection bias. Other authors have 

noted an anecdotal increase in some relatively rare placental lesions such 

as maternal floor infarction, subchorionic haemorrhage and uteroplacental 

vasculitis in women with recurrent miscarriage (Sebire et al, 2003) and in 

midtrimester loss (Heller at al, 2003) in the presence of inherited 

thrombophilia. It is therefore difficult to draw conclusions based on these 

studies.

In general, the pathologic studies support that poor obstetric outcomes are 

associated with placental lesions developing as a consequence of 

maternal vascular obstruction and villous underperfusion. Whether these 

abnormalities represent primary developmental effects or secondary 

manifestations due to reduced flow is unclear. Although the described 

placental lesions appear to have a weak association with thrombophilia, 

their predictive value in identifying patients with underlying thrombophilia is 

poor.
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1.6.2H Thrombophilia and the fetal circulation

A functioning fetoplacental circulation occurs at approximately 5 to 6 weeks 

gestation when large embryonic arteries and veins in the developing body 

stalk anastamose with the placental vessels arising in the extraembryonic 

mesoderm of the placental villi (Kraus et al, 2004). The fetal circulation of 

the fully developed placenta communicates with the fetus via the umbilical 

cord. Umbilical cord factors that can affect blood flow include thin umbilical 

cord, hypercoiling, chronic cord entanglement, marginal membranous cord 

insertion and excessive umbilical cord length (>80cm)(Redline, 2006). 

Fetal factors that can contribute to low umbilical cord flow include 

hyperviscosity due to polycythaemia, or circulatory failure due to primary or 

secondary abnormalities of the cardiovascular system.

Several factors place the proximal fetal vascular tree at risk for thrombo- 

occlusive lesions during the latter stages of pregnancy:

a) lack of anastamoses between chorionic vessels,

b) acute angulation between horizontally oriented chorionic vessels and 

vertically oriented stem villous vessels that can lead to areas of stasis and 

turbulence,

c) close proximity of the chorionic vessels to the amniotic fluid which can

expose the vessel walls to toxic substances such as bile acids in

meconium and cytokines which can lead to mecomium associated vascular 

necrosis and severe fetal chorionic vaculitis which have been associated 

with poor fetal outcomes (Redline, 2005).

A number of placental lesions are either the cause or the result of

decreased blood flow within the distal villous tree.
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a) Distal villous hypoplasia

Chronically decreased distal villous blood flow can lead to arteriolar 

hypertrophy or obliteration, increased placental resistance as measured by 

pulsed flow Doppler testing (Madazli et al, 2003) and distal villous 

hypoplasia.

b) Fetal thrombotic vasculopathy (FTV)

More abrupt cessation of distal villous blood flow secondary to proximal 

vascular occlusion can lead to degenerative changes leading to distal 

villous pathology termed fetal thrombotic vasculopathy (FTV). Frank 

vascular thrombi are identified in approximately one third of cases. FTV is 

prevalent in the placentae of infants with several lesions of thrombotic or 

potentially thrombotic etiology including cerebral palsy, neonatal 

encepholapathy and renal vein thrombosis (Kraus and Acheen, 1999; 

McDonald et al, 2004).

c) Chronic stem villitis with fetal obliterative vasculopathy

Chronic perivasculitis involving the proximal fetal vasculature of placentae 

with chronic villitis can also lead to vascular occlusion and/or thrombosis 

and can result in large downstream areas of degenerating distal villi.

d) Villous chorioangiosis

Abnormally increased capillarization of the terminal villi can lead to

increased peripheral resistance and relative circulatory stasis. These

venous capillary lesions are believed to develop under the influence of

extrinsic factors such as hypoxaemia, diabetes or other stimuli leading to

the release of angiogenic growth factors. Diffuse chorionagiomatosis has

been associated with poor fetal outcome (Ghidini and Locatelli, 2006).
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The observation that placentae with fetal thromboembolic events are more 

frequently found in patients with hereditary thrombophilic mutations 

including FVL and PT G20210A, has been disputed (Ariel et al, 2004, Vern 

et al, 2000). Khong and Hague (2001) published a case report concerning 

a case of discordant lUGR which reported that one dizygotic twin inherited 

thrombophilic genes from both mother and father. This twin suffered from 

lUGR with placental FTV; its co-twin inherited only one gene from its 

mother and was neither growth restricted nor had associated placental 

vasculopathy. However it is not our intention to screen for fetal 

thrombophilia, only inherited maternal thrombophilia.

The careful prospective evaluation of cases homogenous for thrombophilic 

risk factors, clinical pathology and ethnic groups may allow pathologists in 

the future to identify some characteristic histopathological parameters 

associated with maternal or fetal thrombophilic mutations.

1.6.3 Doppler assessment of the maternal uteroplacental circulation.

As a pregnancy progresses the trophoblast invades the uterine vessels 

and results in the creation of the dilated spiral arteries. This results in a 10- 

fold increase in uterine perfusion. The uterine artery velocity waveform is 

unique. It reflects the maternal circulation and has high end-diastolic 

velocities with continuous forward blood flow.

In the healthy pregnancy, the end-diastolic flow typically increases with 

increasing gestation. Typically the systolic/diastolic (S/D) ratio of the 

uterine artery in normal pregnancies should be less than 2.7 after the 26th

week of gestation. Impaired trophoblast invasion and loss of the
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physiological vascular adaptation to pregnancy may lead to persistent 

uterine artery "notching" or elevated uterine artery Doppler indices. The 

result is a pregnancy at increased risk of pre-eclampsia and lUGR 

(Schulman et al, 1986).

The exact aetiology of both pre-eclampsia and lUGR remains unknown. 

However, failure of the normal process of trophoblastic Invasion of the 

spiral arteries is a histological finding common to both (PInjenborg et al, 

1983; Wolf et al, 1986). Campbell and others (1986) showed a relation 

between high resistance artery waveforms in the second half of pregnancy 

and preeclampsia. Since then, Doppler ultrasound of the uteroplacental 

circulation in the second trimester has shown promise as a screening test 

for DPI and related disorders (Aristldou et al, 1990; Bewley et al, 1991; 

North et al, 1994; Jauniaux et al, 1996). These studies have shown that 

increased Impedance to flow In the utero-placental circulation as 

suggested by persistence of a notch in the uterine artery waveform 

(defined as an upward deflection of the waveform In early diastole) at mid

gestation may predict the complications of uteroplacental insufficiency 

such as preeclampsia and/or lUGR later in the pregnancy. Complete 

invasion of the spiral arterioles by trophoblast will lead to a normal uterine 

waveform whereas Incomplete invasion will produce an abnormal 

waveform.

However, in 10-15% of normal pregnancies, placentation will not be 

complete by 20 weeks (Bower et al, 1993). This suggests that the 20 week 

scan may be too early to detect the presence of uterine artery notching In
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all cases, and the possibility that a scan towards the end of the second 

trimester may be a more appropriate screening test.

In women with thrombophilia there are data to suggest a similar pattern of 

pathogenesis. Out et al (1992) showed that the presence of 

antiphospholipid antibodies impairs the maternal spiral artery blood flow 

leading to hypoxia and subsequent fetal loss. The diagnosis of 

antiophospolipid syndrome and the presence of bilateral uterine artery 

notches have also been associated with a 12-fold increase in the risk of 

development of pre-eclampsia and a 13-fold increase in the risk of lUGR 

when the uterine notches are present at 22-24 weeks (Venkat-Raman et 

al, 2001). Donohoe et al (1999) also showed that maternal anti-cardiolipin 

antibodies were more likely to have bilateral abnormal uterine artery 

waveforms in mid-gestation. Salomon and others (2004) have so far been 

the only group to look at the relationship between the presence of FVL, PT 

G20210A or MTHFR C677T and ultrasound in the materno-fetal circulation 

in the low risk pregnant population. They found that presence of one of the 

above thrombophilias appeared not to compromise blood flow. However 

they looked at the summative effect of the presence of any one 

thrombophilia, and we hoped to look at the effect of each individually and 

relate it to markers of endothelial activation and placental histology.
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1.7.0 INFLAMMATION AND PREGNANCY

1.7.1 Inflammation and coagulation

Inflammation initiates clotting, decreases the activity of natural 

anticoagulant mechanisms and impairs the fibrinolytic system (Esmon, 

2005). Inflammatory cytokines are the major mediators involved in 

coagulation activation. The natural anticoagulants function to dampen 

elevation of cytokine levels. Furthermore, components of the natural 

anticoagulant cascades, like thrombomodulin, minimise endothelial cell 

dysfunction by rendering the cells less responsive to inflammatory 

mediators, facilitate the neutralisation of some inflammatory mediators and 

decrease loss of endothelial barrier function. Hence, down-regulation of 

anticoagulant pathways not only promotes thrombosis but also amplifies 

the inflammatory process.

There are multiple effects of inflammation on the haemostatic balance. 

Fibrinogen is increased in inflammatory situations (Hantgan et al, 2001). 

Tumour necrosis factor-cx (TNF-cx) is known to induce tissue factor 

expression on leucocytes (Parry and Mackman, 1998). Inflammatory 

mediators, such as interleukin-6 (IL-6), increase platelet production. The 

newly formed platelets appear to be more thrombogenic. For instance, the 

newly formed platelets activate at lower concentrations of thrombin 

(Burstein, 1997). Platelet responsiveness can also be increased indirectly 

by the action of inflammatory mediators including histamine, TNF-cx, IL-6
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and IL-8. Inflammatory cytokines such as IL-6 and TNF-a have been 

shown to be prothrombotic by increasing endothelial tissue factor 

production and affecting protein C activation by the perturbation of 

endothelial protein C receptor and thrombomodulin (Esmon et al, 1991; 

Nawroth and Stern, 1986; Hooper et al, 1998).

Since increased inflammation can increase coagulation that, in turn, can 

enhance inflammation, the failure of natural anticoagulant mechanisms to 

control the clotting process would naturally increase the inflammatory 

process. The twin observations that inflammation downregulates the 

natural anticoagulant mechanisms and that these mechanisms have anti

inflammatory activity above and beyond their anti-thrombotic functions 

further exacerbates the situation.

1.7.2 Systemic inflammatory response in pregnancy

Normal pregnancy is characterised by a mild systemic inflammatory 

response. During normal pregnancy, these inflammatory changes do not 

indicate illness. Rather, many of the physiological features of pregnancy 

are indicators of the associated acute phase response, such as increased 

plasma fibrinogen (Gatti et al, 1994), PAI-1 (Halligan et al, 1994) and 

reduced plasma albumin. The classic acute phase reactant C-reactive 

protein (CRP) shows a small but significant increase from early pregnancy 

(Sacks et al, 2004). As pregnancy advances, the systemic inflammatory 

response strengthens, peaking during the third trimester (Borzychowski et 

al, 2006). Activated endothelium is an integral component of the 

inflammatory response.
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Redmai (1999) hypothesises tha;t pre-eclampsia develops when the 

systemi: inflammatory response common to all women in the second half 

of their pregnancies causes a decompensation in one or many maternal 

systems. In other words, the disordeir is not a separate condition but simply 

the extreme end of a range of mateirnal systemic inflammatory responses 

engendered by pregnancy itself (Redman and Sargent, 2003). This 

concept takes as its basic principles that pre-eclampsia is a disease of 

maternal epithelium (Roberts et al, 1989) and the two-stage model of pre

eclampsia (Redman, 1991). Ness and Sibai (2006) suggest that lUGR and 

pre-eclampsia arise from a matternal predispostion to endothelial 

dysfunc'ion.

1.7.2i Tumour necrosis factor-a ana' interleukin-6

The circjiating inflammatory cytokiines TNF-ct (Melczer et al, 2003), and IL- 

6 (Austgulen et al, 1994) have been shown to increase during normal 

pregnancy. TNF-cx is a cytokine secreted by activated macrophages, 

monocytes, T-cells, neutrophils and natural killer (NK) cells. TNF-a 

enhancfjs neutrophilic granulocyte phagocytosis and cytotoxicity and 

modulates the expression of many other proteins, including IL-6. IL-6 is a 

glycoprotein produced mainly by activated monocytes and macrophages, 

though many other cell types produce this cytokine following stimulation. 

IL-6 is one of the major physiological mediators of the acute phase 

reaction

Pre-eclampsia has been associated with increased circulating levels of 

TNF-a (Vince et al, 1995; Benyo et al 2001) and IL-6 (Vince et al, 1995;
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Greer et al, 1994). Intra-amniotic infection is associated with a maternal 

proinflam m atory response, as demonstrated by elevation in 

proinflammatory cytokines, including TNF-a and IL-6, and chemckines in 

amniotic fluid, maternal serum, or cervicovaginal fluid (Saji et al, 2000; 

Romero et al, 1989; Hillier et al, 1993). This proinflammatory response is 

an important link between maternal infection and neonatal morbidity 

(Simhan et al, 2003).

1.7.2ii Tumour necrosis factor-a -308

Polymorphisms have been described for many human cytokine genes (van 

Deventer, 2000; Suthanthiran, 2000). These represent norm<il allelic 

variation, frequently within the regulatory region of cytokine genes. Specific 

polymorphisms are associated with increased susceptibility to certain 

infectious diseases and increased severity of autoimmune disease (Wilson 

et al, 1995). A polymorphism (A to G) at position -308 in the promoter 

region of tumour necrosis factor is associated with an increased rate of 

tumour necrosis factor production than in wild type cells (Wilson et al, 

1997). This polymorphism has been associated with increased risk of 

chorioamnionitis (Simhan et al, 2003) and preterm premature rupture of the 

fetal membranes (Roberts et al, 1999). Its association with pre-eclampsia 

has been disputed, with some finding an association (Haggerty et al, 2005) 

and others finding none (Daher et al, 2006). Haggerty’s study was larger, 

including 150 pre-eclamptic primigravida and 661 primigravid controls. 

Daher’s population had a smaller number of controls (186) and consisted 

of primigravids and multigravids.
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1.7.2iii Vascular endothelial growth factor

Vascular endothelial growth factor (VEGF) is an important cytokine with 

receptors almost exclusively on the endothelium where it promotes cell 

replication, permeability and nitric oxide production (Ferrera et al, 1992). It 

also plays an important role in the development, control and repair of the 

vascular system (Breier, 2000). Many studies have reported opposing 

findings on levels of VEGF seen in normal pregnancies, with some (Bosio 

et al, 2001; Trollmann et al, 2003) reporting increased levels and others 

reporting lower levels than seen in the non-pregnant state (Hefler et al, 

2000; Lyall et al, 1997).

Hypoxia is a potent stimulus for VEGF expression in decidualized 

endometrial epithelial and stromal cells (Lockwood et al, 2002). Recent 

work has suggested that reduced uteroplacental blood flow causes focal 

decidual hypoxia that generates perivascular decidual VEGF (Krikun et al, 

2007). They postulate that VEGF acts directly on decidual endothelial cells 

to induce aberrant expression of tissue factor (TF), the primary initiator of 

coagulation. This in turn generates thrombin that induces further TF 

expression, inflammatory cytokines and uteroplacental thromboses which 

exacerbate reduced blood flow. The resultant hypoxia, VEGF and thrombin 

all act to induce aberrant angiogenesis-vessel maintenance causing 

endothelial cell fenestration, enhanced protease expression and increased 

vessel permeability to cause hemorrhage (abruption) and adverse 

pregnancy outcomes such as lUGR and pre-eclampsia.
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1.8.0 SUMMARY AND HYPOTHESIS

Normal pregnancy is associated with extensive changes in the haemostatic 

system, in particular in the uteroplacental circuation. While these 

physiological changes are important in the development of adequate 

placental circulation and provide protective haemostasis at delivery, they 

can produce a hypercoagulable state resulting in an increased risk of 

thrombosis during pregnancy and the puerperium.

Pregnancy may unmask a hitherto unrecognized thrombophilia with the 

development of VTE or an adverse obstetric outcome for the mother 

(placental abruption, severe preeclampsia) or for the fetus (intrauterine 

growth restriction, second or third trimester pregnancy loss) (Greer, 1999). 

The effect of this on low risk pregnancy is controversial. The incidence of 

thrombophilias in the Caucasian non-pregnant population is up to 10% in 

some cases. The natural history of many of these conditions particulariy in 

asymptomatic women is not established and risk estimates for pregnancy 

outcome are mainly based on retrospective data in high risk women. The 

data linking thrombophilias with poor maternal and fetal outcomes remains 

controversial (Kupferminc et al, 1999; Murphy et al, 2000; Salomon et al, 

2004; Alfirevic et al, 2001; Kist 2008).

The vascular endothelium has a central co-ordinating role in growth, 

inflammation and haemostasis. It is recognised that coagulation 

abnormalities result in endothelial injury and activation. Some increase in

the markers of activation of the endothelium is a normal feature of
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pregnancy, but heightened activation has been associated with disorders 

of pregnancy such as pre-eclampsia and may provide an early warning of 

uteroplacental dysfunction (Roberts, 1998). Genetic variabiility in certain 

cytokines have been associated both positively and negatively with poor 

pregnancy outcomes including pre-eclampsia.

Thrombotic lesions of the placenta are a common finding in women with 

major complications of pregnancy such as preeclampsia, lUGR and 

placental abruption. Histological evidence of placental thrombosis may also 

indicate the presence of subclinical congenital or acquired haemostatic 

defects. However, the clinical significance of morphological changes in the 

placenta is still a matter of controversy. Increased numbers of vascular 

lesions in the placentae of women with severe pregnancy complications 

and thrombophilia have been shown in some studies (Many et al, 2001). 

However, others have failed to detect any specific histological pattern that 

could discriminate between women with and without thrombophilia (Mousa 

and Alfirevic, 2000).

This study had three main objectives. The first objective was to assess the 

role of factor V Leiden (FVL), prothrombin (PT) G20210A, 

methylenetetrahydrofolate reductase (MTHFR) C667T, plasminogen 

activator inhibitor type 1 (PAI-1) 4G/5G polymorphism and tumor necrosis 

factor cx G308A (T N F a  -308) polymorphism in determining maternal and 

fetal outcome in a low risk primigravid population and their influence on 

placental vasculature and morphology. The presence of the cytokines 

tumour necrosis factor-a (TNFcx), interleukin-6 (IL-6) and vascular
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endothelial growth factor (VEGF) in this group of women was evaulated 

and their influence on placental vasculature and pregnancy outcome was 

assessed. A third aim was to evaluate certain circulating pro- and anti

coagulants (protein C, protein S, antithrombin, fibrinogen, and factor VIII) in 

a sub group of women with an adverse outcome to their pregnancy and in 

age matched controls.

By identifying women at risk of placental insufficiency using abnormal 

uterine artery Doppler waveforms and by correlating this with changing 

markers of endothelial activation, the presence of inherited thrombophilias 

and by the histological examination of the placenta, we hoped to identify 

predictive indicators of women at increased risk of poor pregnancy 

outcome. By assessing the effect of these parameters on the placenta it 

is hoped to gain a better understanding of the pathogenesis of vascular 

abnormalities which can occur in placental insufficiency and result in 

complications for both the mother and the fetus.
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C h a p t e r  T w o  
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2.1.0 RECRUITMENT FOR THE STUDY

2.1.1 Inclusion/Exclusion criteria

There are wide differences between different ethnic groups in 

thrombophilia prevalence and other outcome measures such as birth 

weight and incidence of pre-eclampsia. In order to avoid bias in the results, 

a decision was made to concentrate the study on the ethnic group that was 

most represented at the hospital. This is the Caucasian group and 

represents over 90% of women attending the Rotunda Hospital, Dublin. 

Caucasian women have a higher prevalence of thrombophilias compared 

to other ethnic groups eg African or Asian women. (Dowling et al, 2003)

A number of inclusion criteria were agreed. Only women in their first 

pregnancy to reach 12 weeks gestation were recruited. Recurrent 

miscarriage has been associated with thrombophilia (Kutteh et al, 2006), 

therefore to reduce possible sources of bias, women who had had a 

previous miscarriage were excluded as recurrent miscarriage has been 

associated with thrombophilia (Robertson et al, 2006). We included women 

who had had a first trimester termination of pregnancy at less than 8 weeks 

gestation as this was assumed to be an ongoing pregnancy. Women had 

to book their pregnancy at < 20 weeks gestation. This ensured that an 

ultrasound scan could be performed to date the pregnancy accurately. The 

pregnancy had to be singleton. The women were aged between 16 and 40 

years old. Any woman with a chronic medical condition such as diabetes 

mellitus, hypertension or epilepsy, which could increase her risk for

pregnancy complications, was excluded. As we were investigating
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inherited thrombophilia and inherited thrombphilia is a known risk factor for 

VTE, women with a first degree relative with venous thromboembolism 

were excluded. Women who were on regular drug therapy (other than iron 

and pregnancy vitamin supplements) or who were regular users of 

substances of abuse were excluded. Smokers were included. According to 

the Office of Tobacco Control, Ireland (2007), almost one in three Irish 

women between the age of 19-35 smokes. The aim was to recruit in 

excess of 1000 low risk Caucasian women for the study.

2.1.2 Recruitment in the antenatal clinic and consent

Information sheets (Appendix A .I.1.0) explaining the study were distributed 

at all antenatal booking clinics (public, semi-private and private) in the 

hospital to all potential participants. All women who fulfilled the criteria 

outlined above were approached and given a full explanation of the study. 

Ethical approval was obtained from the Rotunda Hospital Ethics 

Committee prior to commencement of the project. Written informed 

consent was obtained in all cases (Appendix A.2.1.0). On being recruited, 

each woman was allocated a unique study number which was used to 

label all study patient information and blood samples but was not recorded 

on their medical file. The front of their file was labeled with a sticker 

indicating that they were participating in the study.

2.1.3: Demographic data recorded

A full medical, family and personal history was taken. The medical history

sought information such as age, a history of medical or surgical problems,
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any prescribed or over-the-counter medications taken, the date of the last 

menstrual period and information on the woman’s menstrual cycle. In the 

family history women were questioned on a history of any medical 

problems in first-degree relatives. Information was sought on alcohol 

intake, cigarette smoking and recreational drug intake. A specific question 

was asked regarding the intake of folic acid as to whether it was started 

periconceptually or in the first trimester, or not taken at all. In order to 

categorise women by socio-economic group and social class questions 

were asked in relation to the age full-time education was completed, 

marital status, occupation, and partner’s occupation, and the classifications 

of the Central Statistics Office (CSO) were used, based on the 2002 

census.

2.2.0 PATIENT ANTHROPOMETRY AND SAMPLING

2.2.1 Maternal anthropometry

Height was measured using a stadiometer (Holtain Limited, Crymych, U.K.) 

which was secured permanently to the wall and was recorded in 

centimetres (cm) to the nearest 0.1 cm. Weight was measured using a 

Seca scales (CMS Weighing Equipment Limited, London, U.K.), with no 

footwear and only light clothing and was recorded in kilograms (kg) to the 

nearest 0.1 kg. Body mass index was calculated using the formula 

weight/height^. The midarm circumference (MAC) measurement was taken 

using a standard Holtain tape measure (Holtain Limited, Crymych, U.K.)
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placed around the circumference of the left midarm at approximately the 

halfway point between the acromial notch of the shoulder joint and the 

olecranon at the elbow. The MAC was recorded in cm, to the nearest 0.1 

cm.

Blood pressure was measured in the right arm with the woman in the 

sitting position after at least 20 minutes rest using a mercury 

sphygmomanometer. The sphygmomanometer was placed at the same 

level as the patient’s heart. The blood pressure was recorded in mm/Hg 

and the 5th Korotkoff sound (K5) was used to record diastole (Brown et al 

1998). The definition of hypertension was a blood pressure of greater than 

140/90 mm/Hg, which is an internationally recognized definition of 

hypertension in pregnancy as described by Davey and MacGillivray in 

1988.

2.2.2 Patient sampling and processing

To ensure samples were collected, processed and stored correctly, all 

bloods were taken and initially processed by the author or one of 3 other 

investigators. All further extractions and assays were carried out by the 

author with the exception of the functional coagulation assays. All 

investigators received thorough training in the required techniques prior to 

commencement of the study.

Eight 3ml venous puncture peripheral blood samples anti-coagulated with 

sodium citrate, were collected from each individual at the booking visit, 

between 12 and 20 weeks gestation. This was repeated at two further time

points, the 36-week ultrasound appointment and the postnatal follow-up.
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Following sampling, the blood samples were removed within 30 minutes to 

the Rotunda Hospital laboratory for processing. Three 3ml citrated samples 

were centrifuged at 2000x g for 10 minutes. The plasma was aliquoted into 

0.2ml eliquots for the cytokine analysis. The samples were labeled with the 

patient's date of birth, hospital number and study number. The buffy coat 

was isolated and stored for genetic analysis. Buffy coat is a leukoctye- 

enriched fraction of whole blood and yields approximately 5-10 times more 

DNA than an equivalent volume of whole blood. Five further 3ml citrated 

samples were double centrifuged at 2000x g and the plasma aliquoted into 

0.75ml aliquots. This was used for the functional coagulation assays. All 

samples were stored at -80°C in the Rotunda Hospital laboratory until they 

were analysed (range 1 week-18 months storage time prior to analysis).

2.3.0 DNA EXTRACTION AND POLYMERASE CHAIN REACTION (PCR)

2.3.1 QIAmp^’''' DNA Mini kit for DNA extraction

QIAmp^'^ DNA Mini kit for DNA extraction (Qiagen, Crawley, West Sussex) 

was used. This was carried out by the author in the Thrombosis and 

Haemostasis Laboratory, in the Institute for Molecular Medicine (IMM), 

Trinity College, Dublin. Samples were transferred from the Rotunda to the 

IMM on dry ice (-40°C).

200|il of buffy coat was lysed in the presence of proteinase K (20mg/ml 

Qiagen) and lysis buffer (Buffer AL) by incubation at 56°C for 10 minutes. 

100% ethanol was added and DNA collected in a Qiagen spin column by
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centrifugation at 6000x g. DNA was washed (Buffer AW 1 and 2) and 

collected in elution buffer (Buffer AE) samples were stored at -20°C until 

use.

2.3.2 PCR of coagulation and fibrinolytic polmorphisms

2.3.2./ Factor V Leiden G1691A

The Factor V Leiden gene polymorphism is a result of a single base 

substitution of Guanine (G) with Adenine (A) at nucleotide position 1691 in 

the FV gene. This base change predicts the loss of the APC cleavage site 

at Arginine (Arg) 506, the site that is necessary for cleavage at the two 

subsequent sites (Arg 306 and 679). Loss of this cleavage site renders the 

FV protein resistant to inhibition by APC (Bertina et al 1994).

The presence of the FVL polymorphism was determined using an allelic 

discrimination approach using the ABI Prism® 7700 Sequence Detector 

(Applied Biosystems). This was carried out by the author in the Thrombosis 

and Haemostasis Laboratory, in the Institute for Molecular Medicine, Trinity 

College, Dublin. PCR primers and fluorogenic probes were designed using 

Primer Express software (ABI) and synthesized by Applied Biosystems. 

The probes were designed for the specific target polymorphism region of 

the mutation. Probes were engineered with a reporter fluorescent dye on at 

the 5’ end (FAM: 6-carboxyfluorescein or VIC^'^) and a non-fluorescent 

quencher dye at the 3’ end. Because the quencher probe does not 

fluoresce, the ABI can measure the reporter dye contributions more 

precisely. When the probe is intact, the proximity of the reporter dye to the 

quencher dye results in the suppression of the reporter fluorescence.
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During PCR, forward and reverse primers hybridize to a specific sequence 

in the target DNA and the MGB TaqMan probe hybridizes to a target 

sequence within the product. The AmpliTaq Gold enzym e cleaves the 

TaqMan probe with its 5 ’-3 ’ nuclease activity. The reporter dye and 

quencher dye are separated upon cleavage, resulting in increased  

fluorescence of the reporter. The 3 ’ end of the Taqman probe is blocked to 

prevent extension of the probe during PCR. The increase in fluorescence 

is measured and is a direct consequence of target amplification during 

PCR.

PCR amplification reactions were carried out in 25| îl volumes. Each run 

Included 4 No Template Controls (NTCs), 4 Allele 1 Controls (AL1) and 4 

Allele 2 Controls (AL2). Final concentrations used in each reaction were 

50-1 OOng of DNA, 200nM of each probe, 900nM  of forward and reverse 

primers and Taqm an®  Universal Master Mix. A m pE raseU N G ®  Is a 

componant of Taqman ®  Universal Master Mix and prevents amplification 

of carryover-PCR products. Thermal cycling conditions consisted of an 

Initial cycle of 2 minutes at 50°C  and 95°C  for 10 minutes, then 40  

amplification cycles of 95°C  for 15 seconds and 60°C for 1 minute. End

point fluorescent data from the PCR amplification run was analysed using 

the ABI Prism® 7700 Sequence Detector.

2.3.2.H Prothrombin (Factor II G20210A)

Similar to FV Leiden, there exists a polymorphic m arker within the 

prothrombin gene that has been associated with Increased plasma levels 

of prothrombin. This polymorphism involves a single nucleoside transition
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from G to A at position 20210 in the 3’ untranslated region of the 

prothrombin gene (Poort et al 1996).

The presence of the prothombin G20210A polymorphism was determined 

using an allelic discrimination approach using the ABI Prism® 7700 

Sequence Detector (Applied Biosystems) as described above. Thermal 

cycling conditions were slightly different than those used for the detection 

of FV Leiden. They consisted of an initial cycle of 2 minutes at 50°C and 

95°C for 10 minutes, then 35 amplification cycles of 95°C for 15 seconds 

and 60°C for 1 minute.

2.3.2.Hi Methylene TetrahHydroFolate Reductase (MTHFR C677T)

A cytosine (C) to thymine (T) nucleotide transition has been reported at 

nucleotide 677 of the MTHFR gene that results in the production of a 

thermolabile enzyme with 50% activity (t-MTHFR). Homozygosity for the T 

allele has been suggested to infer a greater requirement for folate in 

affected individuals, increasing the risk for thrombosis (D’Angelo and 

Selhub 1997).

Standard PCR reactions were performed for the TNF-a 308 and PAI-1 

polymorphism as set out for MTHFR and changes made where applicable. 

Table 2.1 lists the primer sequences, 5’ position of primers and restriction 

sites for each polymorphism studied. Table 2.2 lists the differing PCR 

cycling conditions for each polymorphism. This and the following reactions 

were carried out by the author in the Thrombosis and Haemostasis 

Laboratory, in the Institute for Molecular Medicine, Trinity College, Dublin.

61



A restriction fragment length polymorp)hism (RFLP) assay exists to test for 

the MTHFR C677T genotype. Primers have been designed that flank the 

region of interest. The amplified prodiuct is cut with a restriction enzyme, 

resulting in a particular pattern o f fragments. PCR reactions were 

perforn"ed in SOf̂ tl volumes of PCR butffer of 50mM KCI, 10mM Tris-HCI pH 

9.0, Triton X-100, 1.5mM MgCb, containing 0.2units of DNA Taq  

polymerase (Promega), 2^1 of genomic DNA, 2^1 100% dimethyl 

sulphoxide (Sigma Aldrich), 0.5^1 of 3mM deoxyribonucleoside 

triphosphates (Boehringer Mannheim), 0.5mM of sense primer (5’- 

TGAAGGAGAAGGTGTCTGCGGGA-3”) and antisense primer (5”- 

AGGACGGTGCGGTGAGAGTG-3’) (Sigma Genosys). Amplification for 40 

cycles was performed using a thermoicycler (Peltier Thermal Cycler, PTC- 

100/200 MJ Research) with the following cycling parameters: denaturation 

at 94°C for 60 seconds, primer annealing at 62°C for 60 seconds and an 

extension step at 72°C for 60 secondls and yielded a PCR product of 198 

base pairs. The amplified fragment was digested with Hinf I and allele 

specific fragments (C, 198 bp aand T , 175 bp and 23 bp) were produced. 

Restriction digests were visualized oin 3% w/v Agarose gels and stained 

with 10(,il/ml ethidium bromide (Sigmia Aldrich). Figure 2.1 illustrates the 

typical banding patterns demonstrated! by this method.
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Table 2.1 Polymerase chain reaction primer sequences with position 
of 5’base, restriction enzymes and cut sites.

Primer
S=sense

As=antisense

Position
of

5’base

Restriction
enzyme

Restriction 
sites 

V C
MTHFR S TGAAGGAGAAGGT

GTCTGCGGGA
+654 Hinf 1 +675

MTHFR As 

TNFa 308 S

AGGACGGTGCGGT
GAGAGTG
GGAGGCAATAGGT
TTTGAGGG

+852

-334 Nco 1 -308 -618

TNFa 308 As 

PAI-1

GACAGAGCCAAAG
AAGA
AGAGAGAGAGTCT
GGACACGTGGGT

-140

-700 Hinf 1 -675 -162

PAI-1 As CCCGGTGCTCTGG
ACCACCTCCAGG

-484

V=variant
C=constant

Table 2.2 Polymerase chain reaction cycling parameters.

Polymorphism Cycles Denaturation Primer
Annealing

Elongation

MTHFR 40 94°C, 1 min 62°C, 1 min 72°C, 1 min
TNF-a 508 40 94°C, 1 min 65°C, 1 min 72°C, 1 min
PAI-1 40 94°C, 40 sec 64°C, 1 min 72°C, 1 min

11 sec
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Figure 2.1 Agarose gel separation of MTHFR PCR fragments 

illustrating wild type homozygote (CC), heterozygote (CT) and 

homozygote mutant (TT) genotypes

198bp

175bp
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2.3.2.iv Plasminogen Activator Inhibitor-1  (PAI-1 -675 deletion 

4G/insertion 5G)

A single guanine insetion/deletion (4G/5G) polymorphism in the promotor 

region of the PAI-1 gene at position -675 has been associated with 

increased PAI-1 plasma levels with the 4G/4G genotype. (Dawson et al, 

1993). An RFLP assay exists to detect this genotype as follows. PCR 

reactions were performed as above with 0.06nM of sense (5’- 

AGAGAGAGAGTCTGGACACGTGGGT-3’ ) and antisense (5 ’- 

CCCGGTGCTCTGGACCACCTCCAGG-3’ ). The sense primer 

incorporated a mutation (G to T*) at the most 3’G of the 4G allele. The 

mutated nucleotide ensures that the restriction enzyme Hinf\ specifically 

only cleaves when a guanine residue is inserted (5G allele). Primers were 

designed so that the amplicon also contained a natural Hinf I site to act as 

a restriction control. Amplification for 40 cycles was performed with the 

following cycling parameters: denaturation at 94°C for 40 seconds, primer 

annealing at 64°C for 60 seconds and an extension step at 72°C for 

71 seconds and yielded a product of 216 bp. The amplified product was 

digested with Hinf I: 4G homozygotes yielded 2 DNA fragments of 133 bp 

(control fragment) and 83 bp; 5G homozygotes yielded 3 fragments of 

133bp (control), 60bp and 23bp; heterozygotes yielded all 4 fragments. 

Restriction digest fragments were visualized on 4% w/v Agarose gels and 

stained with 0.16f,tl/ml (16|.il) ethidium bromide (Sigma Aldrich). Figure 2.2 

illustrates the typical DNA banding patterns obtained by this method.
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Figure 2,2 Agarose gel separation of PAI-1 PCR fragments illustrating 

wild type homozygote (5G/5G), heterozygote (4G/5G) and homozygote 

mutant (4G/4G) genotypes

4G/5G

4G/4G 5G/5G
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2.3.3 PCR of inflammatory polymorphism

2.3.3.i Tumour Necrosis Factor-a -308 (TNF-a G308A)

A single nucleotide transition from G to A at position -308 in the promoter 

region of the gene coding for TNF-a predicts the TNF A1 (G) allele or the 

A2 (A) alleie. The rarer A2 allele has been associated with a higher 

producer phenotype (Franchiment et al, 1998), as well as an increased 

susceptibility to preterm rupture of membranes (Roberts et al, 1999).

An RFLP assay exists to test for this genotype. PCR reactions were 

perform ed as above with O .Im M  sense prim er ( 5 ’- 

G G A G G C A A TA G G TTTT G A G G G -3 ’) and antisense primer (5 ’- 

GACAGAGCCAAAGAAGA-3’). Amplification for 40 cycles was performed 

as previously described (section M THFR) but with an annealing 

temperature of 65°C for 1 minute and yielded a PCR product of 195 bp. 

The amplified fragment was digested with Nco I and allele specific 

fragments were produced as follows; wild type homozygous 

TNFA1/TNFA1 (GG) produced a 151 bp fragment and 2x 22 bp fragments 

(control): TNFA2 (AA) homozygotes produced a 173bp fragment and a 22 

bp fragment; TNFA1/A2 heterozygotes (GA) produced all three fragments 

of 173 bp, 151 bp and 22 bp. Restriction digest products were visualised 

on 2% w/v Agarose gels and stained with 0.16|.il of ethidium bromide 

(Sigma Aldrich). Figure 2.3 illustrates the typical banding patterns obtained 

by this method.
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Figure 2.3 Agarose gel separation of TNF-alpha-308 PCR fragments 

Illustrating wild type homozygote (GG), heterozygote (GA) and 

homozygote mutant (AA) genotypes

151bp

100 bp ladder

i i

173bp

GA GG AA
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2.4.0 ENZYME LINKED IMMMUNOSORBANT ASSAYS (ELISAs)

The ELISA sandwich assay Is a method of detecting protein levels in 

serum and plasma samples. Polystyrene plates are coated with a primary 

antibody (Ab) specific for the protein of interest. Samples are incubated 

with this antibody and any protein present will bind with high affinity to the 

primary Ab. A secondary Ab specific to the said protein is added to the 

system which binds to the protein-primary antibody complex. An enzyme 

specific for the secondary antibody is labeled with a colorometric tag and 

added to the assay. This binds to the primary Ab-protein-secondary Ab 

complex. Upon addition of a substrate for the labeled enzyme, a colour is 

emitted from the well of the plate, which is proportional to the concentration 

of protein in the sample.

2.4.1 ELISA assays for TNF-a, IL-6 and VEGF

ELISA Duoset development kits were used for the measurements of serum 

cytokine concentrations in the peripheral blood of study participants at 

three time points, booking (between 12-20 weeks of gestation), at their 

third trimester scan (34-36 weeks gestation) and 8-10 weeks postnatally. 

TNF-cx (DY210), IL-6(DY206), VEGF(DY293) and IL-10 (DY217) cytokine 

levels were measured using a standard ELISA protocol as recommended 

by the manufacturers (R&D Systems, Minneapolis, USA). This was carried 

out by the author in the Thrombosis and Haemostasis Laboratory, in the
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Institute for Molecular Medicine, Trinity College, Dublin. Samples were 

transferred from the Rotunda to the IMM on dry ice (-40°C).

Primary or capture antibody was diluted in Phosphate Buffered Saline 

(PBS) (Gibco-BRL) to the desired concentration (Appendix A.3.1.1). 96- 

well plates were coated with 100^1 of capture antibody (cAb) using a 

repeater pipette (Eppendorf Repeater® Plus), sealed with an adhesive 

acetate sheet and incubated overnight at room temperature (in dark). 

Plates were washed and aspirated several times using an automatic plate 

washer (Anthos Labtec) with Wash Buffer (PBS/Tween 20, Appendix 

A.3.1.2) to remove unbound antibody. Plates were incubated for 1 hour 

with Block Buffer to block non-specifically bound antibody. Block Buffer 

was removed from plates by washing and aspirating as before. Reagent 

Diluent (RD) (Appendix A.3.1.4) was filtered (0.2^m) and used for the 

dilution of cytokine standards and secondary antibodies. lOOfil of serially 

diluted standards (Appendix A.4.1.3) and undiluted samples were added to 

each well, the plate was sealed with an acetate sheet and incubated in the 

dark for 2 hours to allow the proteins to bind to the antibodies. Washing 

and aspiration of samples and standards was performed as before and 

excess liquid blotted off plates. Detection (secondary) antibody (Appendix 

A.4.1.2) was diluted in RD and lOO îl was added to each well of the plate, 

sealed and incubated for 2 hours in the dark. Plates were washed and 

aspirated as before. 100|.il working dilution of Streptavldln-HRP (Appendix 

A.3.1.7) was added to each well, sealed and Incubated for 20 minutes. 

Plates were washed again and 100|.il of TMB Substrate Solution (Appendix
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A.3.1.8) was added to each well and Incubated. Depending on the assay In 

question and the relative levels of protein present, this incubation step was 

performed from between 5 and 20 minutes. SOf̂ il of Stop Solution 

(Appendix A.3.1.9) was added to the Substrate Solution in each well, 

turning any blue emission yellow. Optical density was determined at 

450nm (Rosys Anthos 2010, Anthos Labtec) and a standard curve was 

created. Sample cytokine concentrations were determined by interpolating 

absorbance data from the standard curves.

2.5.0: FUNCTIONAL COAGULATION ASSAYS

The assays for Antithrombin, Factor VIII, Fibrinogen and Protein C and 

Protein S were carried out by laboratory scientists in the haematology 

laboratory in Our Lady’s Hospital, Crumlin, Dublin 12. Appendix A.5.1.0.
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2.6.0 ASSESSMENT OF FETAL GROWTH BY ULTRASOUND

All women had a booking scan as part of the scanning policy of the 

hospital. Anomaly scans were only performed in certain cases, usually 

following maternal request. Any further scans would usually be performed 

at the discretion of the clinician. The aim was to include two additional 

scans performed at 22-24 weeks and 34-36 weeks by the principal 

investigators (JD/SC) as part of the study, in order to assess fetal growth 

and well-being, to assess umbilical and uterine artery Dopplers and 

placental morphology. The ATL HDI 3000, with a 5 MHz curvilinear 

transducer, was used for these scans. All details were recorded 

prospectively in the proforma (Appendix A.3.1.0).

2.6.1 Booking Ultrasound Scan

All women had a booking scan to confirm fetal viability, ensure the 

pregnancy was singleton, and to date the pregnancy. Depending on the 

gestational age, different measurements were taken. After seven weeks 

crown rump length (CRL) was assessed by undertaking 3 estimations of 

the longest straight-line measurement of the embryo from the outer margin 

of the cephalic pole to the rump (Robinson & Fleming, 1975). CRL remains 

the standard biometric measurement for first trimester estimation of 

gestational age up to and including 14 weeks. After 14 weeks gestation 

the biparietal diameter (BPD) was measured to the nearest mm. This
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measurement was made in the plane described by Campbell and Thoms 

(1977). This is the axial plane at the level where the continuous midline 

echo is broken by the septum pellucldum In the anterior third. 

Measurements of the BPD were made from the proximal echo of the fetal 

skull to the distal side of the border deep to the ultrasound beam (outer- 

inner). Between 12 and 14 weeks gestation either CRL or BPD was 

measured depending on the position and activity of the fetus.

BPD Is highly reproducible and can predict gestational age within ±7 days 

when measured between 14 and 20 weeks of gestation (Rossavik & 

Fishburne, 1989). Accuracy decreases with advancing gestation (Kurtz & 

Needleman, 1998).

Head circumference (HC) accurately estimates gestational age on routine 

sonograms, but also provides an option In clinical situations where 

adequate visualization of other fetal parameters is not possible. HC is as 

accurate as BPD at estimating gestation up until 20 weeks gestation (Law 

& MacRae, 1982). HC measurements are obtained by placing the cursors 

on the outer margins of the calvarium bilaterally, and the calvarlum should 

always appear symmetrical in the image (Filly and Hadlock, 2000).

The femur length (FL) can be measured as early as ten weeks gestational 

age because of Its size and echogenicity (Filly and Hadlock, 2000). Its 

accuracy is similar to BPD and HC up until 20 weeks. The calipers should 

be placed at the junction of bone and cartilage to measure only ossified 

bone (Goldstein et al, 1987).

These measurements were then compared to the post-menstrual age of

the fetus. The policy for dating pregnancies at the hospital was adhered to.
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When there was a difference of 7 days or less between post-menstrual age 

and measurements, the ultrasound measurements were considered to 

confirm the post-menstrual age and the expected date of delivery (EDD) 

was calculated from the first day of the last menstrual period. When there 

was a difference between the post-menstrual age and measurements of 

more than 7 days, then the EDD was calculated from the ultrasound 

measurements. When no reliable menstrual dates were available, the 

ultrasound calculations were used to date the pregnancy.

2.6.2 Twenty-three week scan

The intention was to perform this scan in as many women as possible 

between 22 and 24 weeks gestation. For various reasons this gestational 

range did not suit everyone and it was agreed to include the results of the 

scan if it was performed between 20 and 27 weeks gestation. Any scans 

outside this gestational range were not included. The scan was performed 

by either one of the two principal investigators. If a significant abnormality 

was found for example a neural tube defect or gastroschisis, the woman 

and her baby were excluded from the study.

Biometry measurements were performed to check for fetal size. The BPD 

was performed as described above. Using the same plane as the BPD, the 

HC was measured directly by measuring around the perimeter of the fetal 

head. The fetal abdominal circumference (AC) was measured on a 

transverse section through the fetal abdomen as described by Campbell & 

Wilkins (1975). A section which was as close as possible to circular was

obtained, taking care to identify the spine and descending aorta posteriorly,
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the umbilical vein in the anterior third and the stomach bubble in the same 

plane. The AC was measured by tracing around the perimeter. The femur 

was identified and the transducer rotated until the full femoral diaphysis 

was seen in a plane as close as possible to right angles to the ultrasound 

beam. The femur length (FL) was measured as a straight measurement 

from one end of diaphysis to the other, disregarding the curvature. All four 

biometry measurements were recorded to the nearest millimetre. Previous 

work has shown these measurements to be reproducible throughout 

pregnancy (Nicoloni et al. 1986).

Gentiles for each of the above four measurements were calculated from 

well-established growth centile charts (Altman & Chitty 1994; Ghitty et al. 

1994a; Chitty et al. 1994b; Chitty et al. 1994c).

2.6.3 Third Trimester Scan

The intention was to perform this scan in as many women as possible 

between 34 and 36 weeks gestation. It was agreed to include the results of 

the scan if it was performed between 30 and 39 weeks gestation. Any 

scans outside this gestational range were not included. It was considered 

that a minority of women would refuse to have a third trimester scan for 

various reasons including doubts about the safety of extra ultrasound 

scans. Women who did not have a third trimester scan or who had a scan 

outside the specified gestational range were not excluded from the study, 

and maternal and perinatal outcomes were subsequently recorded in these 

cases.
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The same four biometry measurements were taken as at the second 

trimester scan; BPD, HC, AC, and FL. Because of the fetal position, it was 

not possible to take head measurements in certain cases. All four biometry 

measurements were recorded to the nearest mm. Each measurement was 

performed on three occasions and the mean value recorded.

Gentiles for each of the above four measurements were calculated from 

well-established growth centile charts (Altman & Chitty 1994; Chitty et al. 

1994a; Chitty et al. 1994b; Chitty et al. 1994c).

2.7.0 ASSESSMENT OF FETAL HEALTH BY ULTRASOUND

2.7.1 Amniotic fluid assessment

At the second trimester scan the amniotic fluid volume was assessed 

subjectively and recorded as normal, increased or decreased. At the third 

trimester scan the liquor volume was assessed objectively using the 

amniotic fluid index as described by Phelan and others (1985). This 

involved dividing the maternal uterus into four quadrants and measuring 

the deepest vertical pool of liquor in each quadrant. Measurements were 

performed by placing the ultrasound probe parallel to the maternal spine. 

Only pools with no umbilical cord present were considered for 

measurement. The measurements were recorded to the nearest 0.1 cm 

and the sum of all four pools produced the amniotic fluid index. This was 

then interpreted from normal gestational values as normal, increased or 

decreased.
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2.7.2 Placental ultrasound

The placenta was assessed in all cases at the second and third trimester 

scan. The placental location was recorded as anterior, posterior or fundal. 

By 20-22 weeks, approximately 95% of women will have an obviously 

normally sited placenta, the remaining 5% will have a low lying placenta at 

this time and should be rescanned in the third trimester. (Ruparelia and 

Chapman, 1985)

The placental dimensions were recorded in cm to the nearest 0.5cm. 

Measurements were performed by placing the probe parallel to the 

maternal spine and measuring the maximum length and width in a 

longtitudinal plane. Cord insertion was recorded as being central, lateral, 

marginal or vellamentous. The placenta was graded according to the 

grading system of placental maturity described by Grannum and others in 

1979.

Grannum grade 0 or normal was allocated when the placenta had a 

smooth homogenous texture throughout. Grannum grade 1 referred to 

cases where the placenta had random echogenic areas present. Grannum 

grade 2 referred to cases where the placenta had basal echogenic areas 

and indentations in the chorionic plate. Grannum grade 3 referred to the 

placenta with the most severe evidence of maturational change involving a 

combination of echo-poor areas, irregular echogenic areas and deep 

indentations in the chorionic plate. The presence or absence of infarcts 

were recorded separately.
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2.7.3 Doppler assessment of the umbilical artery

Doppler waveform analysis is usually based upon the peak systolic 

frequency shift value (S), the end-diastolic frequency shift value (D) and 

the average frequency shift value over the cardiac cycle (A). These three 

parameters are used to calculate ratios used in clinical practice: S/D ratio, 

the resistance index (Rl) and the pulsatility index (PI). As pregnancy 

advances the end-diastolic velocity increases and is reflected by the 

progressive decline in the S/D ratio and Rl.

The umbilical vessels are examined in a segment of free-floating umbilical 

cord. Once identified the colour Doppler is used to identify vessels and 

assess the directionality of flow. After the umbilical artery has been 

identified the pulsed wave Doppler gate is placed over the vessel. This 

results in velocity waveform for analysis. Qualitative and quantitative 

assessments of waveform characteristics are undertaken.

The primary fetal haemodynamic response to hypoxaemia involves 

redistribution of blood flow to the brain, heart, and adrenals, at the expense 

of non-vital organs (Peeters et al, 1979). Doppler indices are then 

elevated. Fetal heart rate variability and reactivity decreases, and fetal 

breathing and limb movements stop (Ribbert et al, 1993). Fetal demise is 

then imminent.

The end-diastolic component of the Doppler waveform is crucial for 

assessing fetal well-being. Reduced umbilical artery end-diastolic velocity 

occurs when 30 percent of placenta is affected and progression to absent 

or reversed end-diastolic velocity when up to 70 percent of the placental

architecture is affected (Baschart & Hecher, 2004).
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Doppler assessment of the umbilical artery is easy to perform, non- 

invasive, inexpensive, and reproducible. It appears therefore to be the 

ideal screening test, and as such it is commonly performed in obstetric 

practice to assess fetal health in cases of lUGR, reduced fetal movements, 

gestation greater than 41 completed weeks.

Absent or reversed end-diastolic flow velocity (AEDFV) reveals a major 

defect in fetoplacental perfusion, and is associated with lUGR, fetal 

hypoxia and acidaemia (Nicolini et al. 1990). Approximately one third of 

these pregnancies develop pre-eclampsia, and the associated perinatal 

mortality is greater than 40% (Kardsorp et al. 1994). Fortunately, AEDFV is 

a relatively uncommon finding. The frequency of AEDFV is approximately 

2% in well defined high risk pregnancies and may be as low as 0.3% in a 

general obstetrical population

Umbilical artery velocimetry was performed in all women who had the 

second and third trimester scans performed by the two principal 

investigators (JD/SC). The Doppler measurements were performed 

immediately after the ultrasound examination for fetal size and growth. All 

Doppler measurements were done with the ATL HDI 3000 ultrasound 

machine. Pulsed Doppler was used in all cases, with the colour Doppler 

facility applied where necessary. The umbilical artery was located and the 

Doppler velocity waveform obtained. Measurements were taken after at 

least five cycles were obtained, in the absence of fetal movements and 

breathing. The direction of flow was recorded as being positive, absent or 

reversed. The pulsatility index was used in the analysis of the results

(Arduini & Rizzo 1990). This procedure was performed on three occasions
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in each patient and the mean pulsatility index from the three 

measurements was recorded.

2.7.4 Doppler assessment of the maternal uteroplacental circulation

As with umbilical artery Doppler, this test was performed in all women who 

had the second and third trimester scan performed by the principal 

investigators. The test was performed immediately after the Doppler 

assessment of the umbilical artery circulation and the same machine was 

used. Each woman was examined in the semi-recumbent position after at 

least 10 minutes of rest. Colour Doppler imaging was used in all cases to 

identify the right and left uterine artery and pulsed Doppler was used. The 

transducer was placed in the lower lateral quadrant of the uterus and 

angled medially, in order to locate each main uterine artery as it crossed 

the external iliac artery (Bower et al, 1993).

The range gate was placed over the entire diameter of the uterine artery 1 

cm distal to this crossover point and the flow velocity waveform obtained. 

Waveforms only with a sharp clear outline were recorded. Measurements 

of pulsatility index were taken after at least five consecutive cycles of 

satisfactory quality had been obtained. This procedure was performed on 

three occasions in each patient for each uterine artery and the mean 

pulsatility index from the three measurements was recorded. The presence 

or absence of early diastolic notching was noted. A notch was defined as 

an obvious upward deflection of the uterine artery waveform in the early 

diastolic phase.
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2.8.0 PREGNANCY COMPLICATIONS AND OUTCOMES

A number of pregnancy outcomes were studied. These included 

complications associated with uteroplacental insufficiency such as pre

eclampsia, small-for-gestational age, and intrauterine growth restriction. 

Gestational diabetes, macrosomia, and perinatal mortality and morbidity 

were also noted. Women participating in the study were visited on the 

postnatal ward within 48 hours of delivery and details of their labour and 

delivery were recorded (Appendix A.3.1.0). Delivery outcomes recorded 

included gestation at delivery, spontaneous or induced labour or elective 

lower segment caesarean section (LSCS), reason for induction/LSCS, 

length of labour, mode of delivery, estimated blood loss and placental 

weight.

2.8.1 The hypertensive disorders of pregnancy

Hypertension complicates between 7 and 10% of pregnancies (Roberts 

1984; Turnbull 1987; Rodgers et al, 1988). Despite advances in medical 

care, hypertension continues to be associated with an increase in maternal 

and fetal morbidity and mortality. After thromboembolism, the hypertensive 

disorders of pregnancy remain the second most common condition 

associated with direct maternal maternal death between 2000 and 2002 

according to the CEMACH report published in 2004 (Lewis, 2004)

2.8.1. i Hypertension

Hypertension in pregnancy is defined as a blood pressure of greater than 

140/90 mmHg (Davey & MacGillivray 1988). This classification is used as a
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diastolic blood pressure of 90 mmHg and corresponds to the point of 

inflexion of the curve relating diastolic blood pressure to perinatal mortality 

(Friedman 1976). This blood pressure corresponds approximately to 3 

standard deviations (SD) above the mean in early and mid-pregnancy, to 2 

SDs above the mean between 34 and 37 weeks, and to 1.5 SDs above the 

mean at term.

2.8.1. a Proteinuria

It is common to have a small amount of protein in the urine in pregnancy

and up to 300 mg of total protein per 24 hours is accepted as normal 

(Peterson et al, 1969). In the study women were classified as having 

proteinuria if a 24 hour measurement of urinary protein revealed greater 

than 300 mg, in the absence of urinary tract infection (UTI). Where a 24 

hour collection was not possible, reagent strips were used with a limit for 

diagnosis set at 2+ protein.

2.8.1.Hi Pregnancy-induced hypertension (PIH) or non-proteinuric

hypertension

This was defined as hypertension without proteinuria which developed 

during pregnancy, labour or in the puerperium in a woman who was 

previously normotensive and non-proteinuric.

2.8.1.iv Pre-eclampsia

This was defined as a clinical syndrome that developed in a previously 

normotensive woman after 20 completed weeks gestation (with no pre

existing renal disease), characterised by the presence of > 300 mg 

proteinuria from a 24 hour urine collection or 2+ on reagent strips when 24

hour collection was not possible (in the absence of UTI), in the presence of
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hypertension (BP a 140/90 mm Hg), on two separate occasions at least 4 

hours apart), both of which resolve by the sixth postpartum week (Davey & 

MacGillivray 1988). A small number of cases were included as pre

eclampsia where the BP did not reach > 140/90 mm Hg but there was an 

increase in the systolic BP of >30 mm Hg and/or an increase in the 

diastolic BP of >15 mmHg compared to the booking BP values (Roberts & 

Redman 1993).

Oedema was not considered part of making the diagnosis of pre-eclampsia 

as oedema is a feature in up to 80% of all pregnancies and generally not 

regarded as an unfavourable sign (Robertson 1971).

2.8.2: Gestational Diabetes

Women were referred for glucose tolerance testing (GTT) at 28 weeks if 

any of the following criteria applied: first-degree relative with type I or type 

I! diabetes, polyhydramnios as defined quantitatively by ultrasound, 

random blood sugar at 28 weeks > 7.0 mmol/L, previous infant weighing 

>4.5kg, BMI >30 and persistent unexplained glycosuria. The GTT involved 

fasting from midnight the night before and a fasting glucose was taken at 

8.30 am. This was followed by a 75 g glucose load of 400 ml of lucozade 

(WHO criteria 1980) and a glucose sample taken at 1,2 and 3 hours later. 

A diagnosis of gestational diabetes was made if the 2 sample values were 

elevated and the patient was referred to the diabetic clinic multidisciplinary 

care. Management was tailored to the individual patient and consideration 

was given to implementation of either a diabetic diet or insulin treatment.
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2.8.3: Small-for-gestational age

Antenatally, the fetus was categorised as small-for-gestational-age (SGA) 

if the AC was < 5th centile for gestational age (Chitty et al, 1994b). The AC 

is a reliable indicator of fetal growth and has been shown to be as reliable 

alone in predicting birthweight as multiple markers of fetal size (British 

Medical Ultrasound Society Working Party, 1990).

After delivery, the British growth reference centile charts were used for 

weight, length and head circumference (Cole et al, 1995; Freeman et al, 

1995; Cole et al, 1998). A baby with a birthweight <10th centile for 

gestational age and sex was classified as SGA. More severe forms of SGA 

were babies with a birthweight <3rd centile for gestational age and sex. 

The same centile cut-off points were also used for head circumference and 

length.

2.8.4: Intrauterine growth restriction (lUGR)

In most instances lUGR was identified first clinically and confirmed by 

ultrasound showing a decline in fetal parameters to below 10‘  ̂ centile 

between the two ultrasound scans. Clinical suspicion was initially raised by 

the identification of risk factors for example PET, diabetes or cigarette 

smoking or following physical examination.

Clinical evaluation involved initially assessment of symphyseal fundal 

height and then clinical palpation. Ultrasound allowed for assessment of 

fetal growth parameters, liquor volume and placental architecture. 

Umbilical artery Dopplers and uterine artery Dopplers were undertaken in 

all cases.
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The gestation at delivery was dependant on the fetal condition and was 

decided on a case-by-case basis. The aim was a term delivery with 

continuous fetal monitoring in labour.

2.8.5: Macrosomia or large-for-gestational age

Antenatally, the fetus was categorised as large-for-gestational-age (LGA) 

or macrosomic if the AC was > 95th centile (Chitty et al. 1994b). After 

delivery, the British growth reference centile charts were used for weight, 

length and head circumference. A baby with a birthweight > 90th centile for 

gestational age and sex was classified as LGA. More severe forms of 

macrosomia were babies with a birthweight > 97th centile for gestational 

age and sex. The same centile cut-off points were also used for head 

circumference and length.

2.8.6 Perinatal mortality

Perinatal mortality was defined as the death of a stillborn baby or a 

neonatal death within the first 7 days of life, weighing 500g or more. The 

perinatal mortality rate was defined as the number of stillbirths and 

neonatal deaths within the first 7 days of life per 1000 total births, in babies 

weighing 500g or more.

2.8.7: Perinatal morbidity

Perinatal morbidity was defined in this study as any baby with grade 3 

meconium in labour, an Apgar score <7 at 5 minutes, a cord artery pH
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<7.10, need for neonatal resuscitation by intubation, and admission to the 

neonatal unit.

2.8.8 Anthropometric measurements of the newborn

After delivery, the British growth reference centile charts were used for 

weight, length and head circumference (Cole et al. 1995; Freeman et al. 

1995; Cole et al. 1998). Measurements were performed by approved 

methods (Brook, 1982) and are described in detail below.

2.8.8. / Birth weigh t

Birthweight was measured in the first 60 minutes of life using a standard 

approved Marsden scales (Marsden, London, UK). The baby was weighed 

naked. Weight was recorded in grams (g) to the nearest 5g.

2.8.8.ii Length

The neonatal length was measured in the first 48 hours using a 

infantometer (Seca 210 Measure Mat II ). The infantmeter was placed on a 

flat level surface and the baby was measured with minimal clothing such 

as a nappy and a vest. Length was recorded in centimetres (cm) to the 

nearest 0.5 cm. Three separate measurements were taken and the mean 

value recorded.

2.8.8. Hi Ponderal index

The neonatal ponderal index w as calculated using the formula  

weight/length^.

2.8.8. iv Head circumference

The head circumference (HC) measurement was taken using a standard

Holtain tape measure (Holtain, Crymych, UK). The HC measurement taken
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was the standard occipito-frontal circumference and was recorded in cm, to 

the nearest 0.5 cm. Three separate measurements were taken and the 

mean value recorded.

2.8.8.V Midarm circumference

The neonatal midarm circumference (MAC) measurement was taken using 

a standard Holtain tape measure (Holtain, Crymych, UK) placed around 

the circumference of the left midarm at approximately the halfway point 

between the acromial notch of the shoulder joint and the olecranon at the 

elbow. The MAC was recorded in cm, to the nearest 0.5 cm. Three  

separate measurements were taken and the mean value recorded.

2.9.0 POSTNATAL FOLLOW-UP

All women were invited to return at approximately 10 weeks post delivery. 

This visit was separate from their routine postnatal check-up, which they 

were advised to attend also. At this time, any late complications of delivery 

were recorded including developm ent of post-partum VTE. Maternal 

anthropomorphic m easurem ents were taken again as described at 

booking. Eight 3ml venous puncture peripheral blood samples anti

coagulated with sodium citrate, were collected from each individual and 

were processed as previously described in order to assess cytokine levels. 

Information was collected regarding contraception, commencement of 

intercourse, new medications, smoking status and weight loss.
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2.10.0 THE PLACENTA

2.10.1 Placental Collection

At the 23 or 36 week visit, all participating women were given a “delivery 

pack” for correct collection of the placenta at delivery. Each pack contained 

detailed instructions to the delivering midwife for collecting and storing the 

placenta after delivery. It also contained 2 labeled colour-coded storage 

bags, a 3ml EDTA tube and a 3ml serum tube. As the women carried their 

own medical file, they placed the delivery pack with their file or in their 

hospital bag. They were instructed to give the pack to their attending 

midwife on admission to the labour ward. Spare delivery packs were left on 

the labour ward at all times, in case the women did not bring it with her.

At delivery, the umbilical cord was clamped and cut. Once the placenta 

was delivered the clamped end of the cord was released and "re-clamped" 

with the usual plastic clamp simultaneously attaching it to the free edge of 

the membranes to avoid uncoiling of the cord. Six mis of blood was taken 

from the cord after it was clamped and 3 mis each put into the EDTA and 

serum tubes. The placenta was weighed on the delivery suite and the 

weight recorded on the computerised record of delivery. Weight was 

recorded in grams to the nearest 5g.

A brief review of gross placental structure took place on the delivery ward 

by the midwifery staff. The placenta was double-bagged in the provided 

bags, labeled and placed in the fridge at 4°C. If the delivery took place 

during working hours it was collected at 1600 hours and transferred to the
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histology laboratory of the Rotunda Hospital. If the delivery occurred 

outside of these hours in was stored at 4°C until 0800 the following 

morning when it was transferred to the laboratory.

2.10.2 Histological examination

On arrival at the laboratory, the specimen was placed in 10% buffered 

formalin for 24 hours fixation. The examination of all placentae was 

undertaken by a single pathologist using a set of agreed parameters and 

descriptions. The pathologist was advised of clinical outcome but blinded 

to results of thrombophilia screen and cytokine levels.

2.10.2.i Gross inspection of the placenta.

The placenta was examined according to the standard method as 

prescribed by Fox et al, 1978. A standardised approach to placental 

pathological evaluation involved: 

a) Assessment of the membranes

The placenta typically is a reddish blue hue with transparent smooth 

membranes on the fetal surface. The chorionic vessels along the fetal 

surface were identified. The membranes are easily stained by pus (yellow), 

meconium (green) or haemosiderin (brown) and discoloration of the 

membranes was recorded.

Nodules under the fetal surface are common and represent fibrin deposits 

under the membranes. However, nodules on the maternal surface are 

unusual and were deemed pathological.

The interface between the membranes and the parenchyma was also

evaluated. Typically the membranes are flush with the placental edge.
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Membrane sampling was undertaken at two points: one at the site of 

separation and one from an undisturbed area of membranes. The 

membranes were trimmed thereafter. The trimmed placental weight was 

recorded using a standard approved Marsden scales® (Marsden, London, 

UK).

b) Assessment of the parenchyma

The placental disc was weighed and the weight compared with known 

standards for gestation. In cases where the expected fetal weight deviated 

significantly from the normal range additional investigations were required. 

These included karyotyping, viral cultures and flow cytometry where 

indicated. There was difficulty in undertaking some of these studies if the 

placenta had been fixed in formalin.

Gross assessment of the parenchyma should reveal soft, red tissue. Areas 

of mottling or pallor are abnormal, and may reflect interruption to blood flow 

within the parenchyma. The maternal surface of the placental disc was cut 

into 2 cm wide strips. Histological sampling of the parenchyma included 

taking samples from normal and abnormal appearing areas.

c) Assessment of the umbilical cord

The umbilical cord typically has a white, opaque appearance. The number 

of umbilical vessels was recorded on initial examination of the cord. 

Discoloration of the cord was recorded and may reflect meconium staining, 

blood stained liquor or infection. Cord length was compared with gestation 

matched standards. True knots may be associated with fetal loss if tight or 

multiple, secondary to vascular occlusion. There may be associated cord
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oedema. In cases where a true knot was present an umbilical cord sample 

was taken from the center of the knot.

Typically where warranted three sections of the cord were taken at the 

proximal, mid-portion and distal ends to provide a representative sample of 

cord structure.

Following the tissue sampling for routine histological examination, the 

placental slices were reassembled and wrapped in tissue paper (to hold 

them together) and stored in 10% buffered formalin.

2 .10.2ii Placental Disease

a) Infection of the membranes

The presence of chorioamnionitis was recorded. The clinical diagnosis was 

based on the myriad of symptoms of maternal pyrexia, elevated white cell 

count, abdominal pain or tenderness, offensive vaginal discharge and fetal 

tachycardia. The definitive diagnosis of chorioamnionitis was histological. 

The histological diagnosis of chorioamnionitis required the presence of 

neutrophils in the amniotic and chorionic tissues. The diagnosis was 

substantiated by the co-existence of fibrin deposition, oedema and the 

hallmarks of inflammation. Appropriate cultures were undertaken to 

determ ine the causative pathogen. Chronic chorioamnionitis was 

characterized by a mononuclear cell infiltrate and was usually bacteria- 

mediated. It may be associated with amnion necrosis.

b) Infection of the parenchyma

Acute v illitis  is rare and may occur in conjunction with acute

chorioamnionitis. The infiltrate is predominantly neutrophilic and the most

com m only im plicated pathogens are streptococci and listeria
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monocytogenes. The histological diagnosis was based on the presence of 

abscesses in the parenchyma.

Chronic vlllitis is commoner and there are two main types. The first stems 

from congenital infections such as toxoplasmosis, rubella and herpes 

viridae. The histological diagnosis was made based on the presence of 

plasma cell infiltrate with haematoxylin-eosin staining or target specific 

immunohistochemical stains for viruses and their by-products.

The second form of chronic villitis is termed villitis of unknown aetiology 

(VUE). It occurs around term, affects predominantly the distal villous tree 

and a definitive causative pathway is yet to be determined. The presence 

of acute or chronic villitis was noted, 

c) Infections of the umbilical cord

Funisitis affects the external surface of the cord. It does not appear to 

differentiate between venous or arterial involvement. It is likely to result 

from maternal infection. The presence of funisitis was recorded.

2.10.2iii Maternal disease and placental architecture

a) Maternal disease and the placental membranes

In cases complicated by maternal hypertension histological examination 

may show evidence of a mononuclear cell infiltrate, fibrinoid necrosis or 

vascular thrombosis. The presence of these histological changes was 

recorded.

b) Maternal disease and the parenchyma

Chronic parenchymal ischaemia secondary to maternal disease leads to 

small villi, syncytial trophoblastic knots (>1/3 to 5 terminal villi and/or >10

nuclei per knot), and a small placenta. Other findings include a reduced
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number of villi with and increased intervillous space and increased fibrin 

deposition. Villous agglutination may also occur, with vascular narrowing. 

These changes when present were recorded.

2.10.2iv Fetal disease and the placental architecture

a) Fetal disease and the membranes

As mentioned previously antepartum haemorrhage especially when 

concealed may be associated with haemosiderin deposition in the amnion.

b) Fetal disease and the parenchyma

Fetal vascular occlusion or damage may cause avascular villi, despite 

maintenance of an adequate maternal blood flow. Imminent fetal demise 

results in a slowing down of the fetal circulation and the development of 

thrombi. The presence, location and number of thrombi were recorded.

2.10.2.V Placental Masses

a) Masses within the membranes

The presence of nodules, haematomas and haemorrhage were attributable 

in most cases to the trauma of delivery. Haemangiomas of the decidual 

vasculature are rare.

b) Masses within the parenchyma

Intervillous thrombi (IVT) are caused by fetal haemorrhage into the 

maternal space. They appear as firm lesions and their colour varies with 

age. They comprise laminated red blood cells and fibrin that fill the 

maternal space separating the villi. The presence of IVT was noted. In 

maternal floor infarction immunological sequelae leads to fibrinoid material 

along the maternal aspect of the placenta restricts access to the villi. Its

presence was recorded at histological evaluation. Massive chorionic
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intervillositis involves tine deposition of large quantities of fibrin in tine 

intervillous and perivillous structure, and its presence was recorded, 

c) Masses in relation to tine umbilical cord

Haematomas of the umbilical cord occur at delivery, and are typically 

located adjacent to the cord clamp.

2.10.2. vi Disorders o f placental maturation

a) Villous dysmaturity

Where there was an increase in connective tissue and loss of capillaries 

this is referred to as villous dysmaturity and is classified in the Rotunda 

laboratory as follows:

Mild villous dysmaturity: 25-50% stroma 

Moderate villous dysmaturity: 50-75% stroma 

Severe villous dysmaturity: stroma in excess o f 75%

These percentages are estimated by subjective examination by one 

examiner (Dr John Gillan), to limit the difficulties recorded in observer 

reliability in assessing placental maturity by histology (Khong et al, 1995). 

Other authors sometimes refer to these changes as villous immaturity. It 

will not be found to be uniformly agreed from textbook to textbook. Work in 

our own laboratory looking at this phenomenon strongly suggests that it is 

related to reduced fetal capillary perfusion.

b) Chronic Uteroplacental Insufficiency (CUPI)

Chronic uteroplacental insufficiency may be associated with a small 

placenta, and long-term vascular impedance may lead to placental

infarction. Histologically infarcted areas represent non-functioning necrotic
94



villi in the maternal intervillous space. Other histological features 

suggestive of chronic uteroplacental insufficiency included villous 

dysmaturity, villous agglutination, increased intervillous space with 

increased fibrin and vascular sclerosis (Redline et al, 2004).

2.11.0 DATA ANALYSIS

Data analysis was carried out using the Statistical Package for the Social 

Sciences (SPSS), Version 11.0. Chi-squared analysis or Fisher’s Exact 

test were employed to compare outcomes of categorical variables. The 

comparison of means was earned out using t-tests or analysis of variance 

(ANOVA) as appropriate. The Bonferroni correction factor was used to 

control for error in the post-hoc analysis. The level of significance was set 

at p<0.05 for comparison of 2 groups and at p<0.01 for testing of multiple 

groups. Correlations were performed using Pearson’s correlation. For all 

non-normally distributed data, all data were logarithmically transformed 

and analysis was carried out with Chi-squared analysis or Fisher’s Exact 

test to compare outcomes of categorical variables and t-tests or analysis of 

variance (ANOVA) for comparison of means as appropriate. The results 

were then anti-logged to show mean actual values. For a prevalence of 

thrombophilia of 15% in a normal population (n1) and 30% in an adverse 

outcome population (n2), and with an outcome found in 8% of the 

population, we calculated that we would require a sample size of 1,023 

women [(n1=947)+(n2=76)]. We recognized that some thrombophilia and
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adverse outcomes would be less and others would be more frequent than 

these estimates.
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3.1.0: MATERNAL DEMOGRAPHICS

3.1.0 Age and social classification

All Caucasian primiparous women attending the Rotunda Hospital who 

fulfilled the inclusion criteria over a 13 month period (14/04/2003 -  

19/05/2004) were approached. A pilot study was performed between 

20/01/2003 -  24/01/2003 to estimate uptake of the study. During this 

period 19 suitable women were approached and 18 agreed to partake in 

the study if it were to be offered to them, giving a 94% uptake rate. This 

was reflected in the study period when 92% (1,011) of eligible women for 

inclusion to the study were recruited. As the recruitment rate was so high, 

this group can be deemed representative of the general primiparous 

Caucasian population attending the hospital. Furthermore, there were no 

demographic differences between those who refused to join the study and 

those who were recruited. The mean maternal age was 26.08 years with 

an age range of 15 to 42 years (Table 3.1). The maternal characteristics 

and demographic factors of the study group of are described in table 3.2. 

33.6% were married, 46.0% were single and 18.5% we co-habiting with 

their partners. The remainder of the women were separated or the 

information was unavailable.
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Figure 3.1 Age Distribution

300 ---------------------------------------------

200 I

100 ■

0.1 ■ I ■ I .  I  ■ I  1 I ■ I ■ I
10 -  15 20 -  25 30 -  35 40 -  45

15 -  20 25 -  30 35 -  40

AGE DISTRIBUTION

Std Dev = 7.18 
Mean = 26 
N = 1011.00

99



Table 3.1 Demographic details

n=1011 %
Marital Status
Married 340 33.6%
Single 465 46.0%
Co-habiting 187 18.5%
Other 19 1.9%

Socio-Economic Group
A 109 10.8%
B 128 12.7%
C 113 11.2%
D 356 35.2%
E 122 12.1%
F 76 7.5%
G 15 1.5%
H 14 1.4%
1 2 0.2%
Z 76 7.5%
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The distribution of socioeconomic group is demonstrated in Figure 3.2. 

There is a reasonable representation in the study population across all 

socioeconomic groups, apart from a greater than average representation in 

socioeconomic group D. 696 (68.8%) of the study population attended the 

public outpatients (OPD). These women had a general medical card or did 

not use health insurance. Women who used private health insurance cover 

attended either the semi-private (SPC) (131) or private (PP) (176) 

outpatient clinic depending on their degree of cover.

Social Class grouping is shown in Table 3.2 and the distribution is shown 

in Figure 3.3. The country of origin was recorded and the findings shown in 

Table 3.3
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Figure 3.2 Distribution of socioeconomic groups

Socio-economic groups
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Table 3.2 Social class

Social class n %
1 128 12.7%
2 223 22.1%
3 243 24.0%
4 220 21.8%
5 108 10.7%
6 14 1.4%
7 70 6.9%
Missing 5 0.5%
Total 1011 100%

Figure 3.3 Distribution of social class
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Table 3.3 Country of origin

n %
Ireland 905 89.5
UK 17 1.7
France/Germany/Benlux 18 1.8
Eastern Europe 38 3.8
Mediterranean 10 1.0
Scandinavia 5 0.5
North America 6 0.6
Australia 2 0.2
Other 5 0.5
Missing 5 0.5
Total 1011 100%
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3.1.2 Cigarette, alcohol and drug use

Less than half of women questioned had never smoked (43.2% ). 28.9%  

were ex-smokers and 27.9%  were still smoking during pregnancy. While 

many current smokers had cut down on discovering that they were 

pregnant, 31% of them were still smoking more than 10 cigarettes per day. 

53.9%  of women admitted to drinking alcohol in pregnancy following a 

positive pregnancy test. The vast majority of these women (91.7% ) drank 

less than 5 units of alcohol per week, with an average of 3.0 units 

consumed per week. 2.2%  of women who drank during pregnancy 

admitted to drinking more than 10 units a week.

Overall, 23.5%  of women had used illegal drugs prior to their first 

pregnancy. This was not significantly different between women attending 

the public outpatient (24.7% ), semi-private (20 .9% ) and private clinics 

(18.9% ). Of those who had used in the past, 4 .6%  admitted to use In the 

first trimester. These women were not excluded from the analysis. They 

had been deemed low-risk based on the fact that they had denied drug 

midwife screening history and when questioned by the investigators, were 

found not to use drugs regularly (on a weekly basis or more frequently). 

There was no significant difference between the ages of those women who 

had used drugs in the past (25.9 years ± 5.8) and women who had never 

used drugs (26.2 years ±6.1).

13.3% women admitted that marijuana was the only illegal drug they had

ever used. 21 women who used other drugs said they had never used

marijuana. Cocaine had been used by 6.3%  of all women questioned prior

to their pregnancy. 6.9%  admitted to previous ecstasy use. 90 women
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admitted to using more than one drug, with cocaine and ecstasy being the 

most commonly reported, other drugs reported included amphetamines (5) 

and magic mushrooms (3). There was no significant difference in 

educational achievement between the groups of non-users and users of 

drugs when analysed according to clinic attended or when analysed 

overall. Women who had ever used drugs left full time education at the 

same age (18.8 years) as those who had never used drugs (18.9 years).

3.2.0 REASONS FOR EXCLUSION

3.2.1 Exclusion following recruitment

Full maternal and perinatal outcome data were available in 91.4% of cases 

(924). Table 3.4 outlines the reasons the 8.6% who were either excluded 

on the basis of inclusion criteria after recruitment into the study or where 

outcome data was not available. 23 women were excluded from analysis 

as they did not attend for any of their study scans and blood tests, despite 

delivering in the hospital. These women were contacted when they missed 

a scan appointment but did not attend following rescheduling.
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Table 3.4 Reasons for exclusion and outcome data availability

n %
Outcome data available 924 91.4%
Excluded because of fetal anomaly 9 0.9%
Excluded because of positive infection serology 3 0.3%
Excluded because of family history of VTE 5 0.5
Transferred care to other hospital/emigrated 38 3.8%
Withdrew at patient request 9 0.9%
Did not attend for scans & bloods 23 2.3%

Total 1011 100%
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3.3.0 ULTRASOUND OUTCOME 

3.3.1. Ultrasound attendance

The uptake by mothers for the second trimester (93.1%) and third trimester 

scans (86.5%) and reasons for not performing the scan is shown in Tables 

3.5 and 3.6 respectively. Almost all had a second trimester scan 

performed. Five women (0.5%) delivered prior to the scan being 

performed. Five women were diagnosed as having a baby with a fetal 

anomaly after their booking scan but prior to their 23 week scan and 

therefore withdrew form the study. Fifteen women either emigrated or 

transferred care to another hospital, 9 women withdrew from the study for 

personal reasons. Six women were unable to attend for the 23 week scan 

despite rescheduling but attended for their 3̂^̂ trimester scan and delivered 

in the Rotunda. Twenty-three women did not attend for any study scans 

following booking despite rescheduling and delivering in the Rotunda. 

86.5% of the women had a third trimester scan. Eight women were 

diagnosed with a fetal anomaly prior to the scan and so were not offered 

another study scan. Twenty-eight women either emigrated or transferred 

care to another hospital and 9 women withdrew from the study for personal 

reasons. As mentioned above, 23 women did not attend for any study 

scans following booking despite rescheduling and delivering in the 

Rotunda. A further 15 attended the 23 week scan but were unable to 

attend the third trimester scan due to various reasons despite being offered 

another appointment.
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Table 3.5 Uptake of 23 week scan and reason for not being

performed

n %
Study scan in Rotunda 941 93.1%
Delivered prior to scan 5 0.5%
Diagnosis of fetal anomaly prior to scan 5 0.5%
Excluded because of positive infection serology 2 0.2%
Excluded because of family history of V IE 5 0.5%
Transferred care to other hospital/emigrated 15 1.5%
Withdrew at patient request 9 0.9%
Did not attend for any scans 23 2.3%
Did not attend 23 week scan only 6 0.5%

Total 1011 100%

Table 3.6 Uptake of 3'̂ '* trimester scan and reason for not being

performed

n %
study scan in Rotunda 875 86.5%
Delivered prior to scan 36 3.6%
Diagnosis of fetal anomaly prior to scan 8 0.8%
Excluded because of positive infection serology 3 0.3%
Excluded because of family history of VTE 5 0.5%
Transferred care to other hospital/emigrated 28 2.8%
Withdrew at patient request 9 0.9%
Did not attend for any scans 23 2.3%
Did not attend 36 week scan only 15 1.5%

Total 1011 100%
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The loss of over 5% of the study population because of emigration, transfer 

to another hospital in the country or scheduling difficulties is a reflection of 

the mobile and changing nature of the inner city Dublin population. This is 

an increase on what would have been expected 15 years ago and 

highlights the social changes that have taken place in this time period.

3.3.2 Ultrasound findings

The mean gestation (SD) for attending the study scans were 23.4 (1.4) 

weeks and 35.5 (1.5) weeks. The mean PI (SD) was 0.9 (0.29) and 0.78 

(0.25) at 23 weeks and 35 weeks respectively and the 95**̂  centile was 

calculated as 2 SD above the mean. Notching in the uterine artery was 

present in 3.1% (29) and 1.6% (15) of women at 23 and 35 weeks 

respectively. Placentae with the appearance of Grannum grade 3 were 

seen in 96 (10.4%) cases at 35 weeks.
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3.4.0 MATERNAL OUTCOME

Of the 924 women that we have full maternal and perinatal outcome data 

for, 6 (0.6%) of them had a second trimester loss (Table 3.7). Eight women 

(0.8%) delivered at less than 32 weeks gestation, of which 6 were liveborn 

and 2 were stillborn. 43 women delivered between 32 weeks and less than 

37 weeks gestation. 5.7% of women had a significant antepartum 

haemorrhage, the causes of which are given in Table 3.7. Eleven women 

were diagnosed with gestational diabetes during pregnancy. 28 women 

(3.0%) were diagnosed with pre-eclampsia which is at the lower end of the 

scale of reported incidence (Papageorghiou and Campbell 2006). 

However, given that this is a low risk population from the outset, the 

incidence is not suprising. Women with pre-eclampsia delivered at a mean 

gestation of 38.1 weeks (SD 2.7, range 31-41 weeks). The mean maximum 

systolic blood pressure was 160mmHg (SD 18.4, range 130-210) and 

mean maximum diastolic blood pressure was 98 (SD 7.9, range 83-120). 

17 women had pregnancy-induced hypertension. No woman in our 

population was diagnosed with a venous thromboembolism during 

pregnancy or postnatally. 481 women returned between 8 and 10 weeks 

post-natally.
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Table 3.7 Maternal pregnancy outcome

n =924 %
2^ ^  trimester loss 6 0.6%
Delivery 24-31''® weeks gestation 8 0.8%
Delivery 32-36"^® weeks gestation 43 4.6%

Antepartum liaemorrhage 59 5.7%
Abruption 6 0.6%
Placenta praevia 1 0.1%
Local cause/post coital bleed 5 0.5%
Abdominal trauma 1 0.1%
APH cause not identified 46 4.4%

Gestational diabetes 11 1.2%
Pregnancy induced hypertension 18 1.9%
Pre-eclampsia 28 3.0%
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3.5.0 LABOUR AND DELIVERY OUTCOME

The mean gestation at delivery was 39.6 weeks (Table 3.8). 655 (71.4%) 

women went into spontaneous labour, with 376 (41.1%) achieving a 

normal vaginal delivery. Pregnancies that were greater than 10 days over 

the estimated date of delivery were deemed to be postdates and this was 

the commonest reason for induction. Maternal indications for induction of 

labour (lOL) or planned lower segment Caesarean section (LSCS) 

included pre-eclampsia, pregnancy induced hypertension, gestational 

diabetes and obstetric cholestasis. Fetal indications for lOL/LSCS included 

biophysical profile <6, lUGR, non-reassuring cardiotocograph (CTG), 

breech presentation and macrosomia. The overall caesarean section rate 

was 28.2%. This is in keeping with the general hospital population. The 

caesarean section rate for the whole population for 2004 was 26.6% 

(Rotunda Annual Report 2004). Estimated blood loss (EBL) at delivery was 

recorded by the midwives and doctors attending the delivery. While it is 

recognized that estimating blood loss at delivery is inaccurate (Razvi et al, 

1996), in the year preceding commencement of our study, extensive staff 

training in the management of post partum haemorrhage had been carried 

out. This included training in assessing EBL using a visual analog scale 

(Rizvi et al, 2004). When blood loss was considered substantial, 

measurement of blood from suction containers and weighing of swabs was 

carried out.



Table 3.8 Labour and delivery outcome

Mean (SD) range
Gestation at delivery (v\/eeks) 39.6 (2.0) 25-42
Length of labour (minutes) 377 (204) 1-1160
Estimated blood loss (mis) 283 (177) 50-1800

EBL at vaginal delivery (mis) 244 (156) 50-1600
EBL at LSCS (mis) 390 (184) 75-1800

n =924 %

Labour onset
Spontaneous 655 71.4%
Planned LSCS 42 4.5%
Induction 202 21.8%
Prelabour LSCS 16 1.7%

Reason for lOL/LSCS
Post dates 114 44.9%
SROM 20 7.9%
Fetal 59 23.2%
Maternal 50 19.7%
Social 8 3.1%
Miscellaneous 3 1.2%

Mode of delivery
SVD 376 41.1%
Emergency LSCS 217 23.7%
Elective LSCS 42 4.5%
Forceps 44 4.8%
Ventouse 218 23.8%
Forceps and ventouse 13 1.4%
Assisted breech 1 0.1%



3.6.0 PERINATAL OUTCOME

3.6.1 Perinatal morbidity

51 infants delivered prematurely at less than 37 weeks gestation, of those 

only 8 delivered before 32 weeks gestation. Meconium grade 3 was seen 

at delivery in 2.8% of cases. 37 infants required admission to NICU. The 

mean length of stay in NICU was 13.7 days (SD 17.6, range 1-84 days) 

with a median stay of 3.0 days (Table 3.9).

3.6.2 Neonatal characteristics

The characteristics of neonatal anthropometry are shown in Table 3.10. 

Each of these measurements were normally distributed and Figure 3.4 

shows the normal distribution of birthweight. Table 3.11 shows the 

percentage of infants who were born below the 10'  ̂and the 3'̂ '̂  centile and 

above the 90‘  ̂and 97*̂  centile.
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Table 3.9 Perinatal morbidity

n =924 %
Premature delivery 24-31'''^ weeks gestation 8 0.8%
Premature delivery 32-36''® weeks gestation 43 4.6%
Meconium grade 3 at delivery 26 2.8%
Admission to NICU 37 4.0%
Resuscitation requiring IPPV 49 5.3%
Intubation 11 1.1%
Cord pH <7.1 15 1.6%

Table 3.10 Neonatal anthropometry

Mean (SD) Range
Birthweight (kg) 3.42 (0.56) 0.64-5.08
Birth length (cm) 50.0 (2.4) 37-58
Ponderal index 27.8 (3.3) 15.6-49.8
Mean arm 10.6 (1.0) 6-14
circumference

Table 3.11 Infant birthweight centiles

n =924 %
Birthweight <3̂ ^̂  centile 47 5.1%
Birthweight <10‘  ̂& &3'  ̂centile 83 9.0%
Birthweight >90*  ̂& <97*  ̂centile 56 6.1%
Birthweight >97‘  ̂centile 22 2.4%
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Figure 3.4 Distribution of infant birthweight

125 -

7 5 -

2 5 “

1.00 2.00 3,00 4.00  5.00

Infant birthweight (Kg)

“ 1“
6.00

117



3.7.0 PLACENTAL HISTOLOGY AND OUTCOME

Full maternal and perinatal outcome data were available in 91.4% of cases 

(924). Of these women, full placental histology was available for 810. The 

frequencies of the placental features described is shown in Table 3.12. 

There was no significant difference in adverse pregnancy outcome or 

perinatal morbidity between these 2 groups (Table 3.13).

The placental weight in grams was recorded at delivery. The placental 

weights were normally distributed, with a mean (SD) of 611g(130g) and a 

range from 150g-1100g. (Fig 3.5) Higher placental weights have been 

associated with factors such as maternal smoking (Pfarrer et a/., 1999), 

high altitude (Jackson et a/.,1988), gestational diabetes (Tarrico et al., 

2003) and anaemia (Hindmarsh et al., 2000) and lower placental weights 

have been associated with lUGR (Salafia et al., 2006).

Placental weight was positively correlated with maternal weight at booking, 

infant birthweight and infant ponderal index. (Table 3.14) Women with 

gestational diabetes had heavier placentae (672g; 95% Cl 515-828g) 

compared to those without (61 Og; 95% Cl 610-619g). This was not 

significant (p=0.3).
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Table 3.12 Frequencies of placental histological features

Histological Features n =810 %

Villous features

Normal villi 467 57.7%

CUPI 92 11.4%

Villous dysmaturity 1 117 15.2%

Villous dysmaturity I/ll 60 7.4%

Villous dysmaturity II 51 6.3%

Villous dysmaturity III 7 0.7%

Miscellaneous 16 2.0%

Vascular features

Retroplacental haemorrhage 21 2.6%

Retromembranous haemorrhage 9 1.1%

Infarction 174 21.5%

Intervillous thrombus 72 8.9%

Features of infection

Ascending infection (Stage 1) 215 26.5%

Chorloamnionitis (Stage 2) 16 2.0%

Vilitis 28 3.5%

Others

Histological evidence of meconium 48 5.8%

Second trimester loss 6 0.9%
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Table 3.13 Pregnancy outcome in total cases and histology cases

Pregnancy outcome Total outcome cases 
(924)

Histology cases 
(810)

P

Adverse pregnancy 

outcome

n % n %

2^  trimester loss 6 0.7% 6 0.6% NS*

Antepartum 54 5.8% 45 5.6% NS*

haemorrhage

Abruption 6 0.7% 6 0.7% NS*

Pre-eclampsia 26 2.8% 26 3.2% NS*

Pregnancy induced 17 1.8% 17 2.1% NS*

hypertension

Preterm delivery<37 57 6.2% 55 6.8% NS*

weeks

Preterm delivery<32 15 1.6% 15 1.9% NS*

weeks

Birthweight<10‘^ 48 5.2% 39 4.8% NS*

centlle

Birthweight <3"̂ 15 1.6% 16 2.0% NS*

centile

Perinatal Morbidity

Meconium grade 3 at 26 2.8% 19 2.3% NS*

delivery

Apgar<7 at 5 minutes 7 0.8% 7 0.9% NS*

Cord pH<7.1 15 1.6% 14 1.7% NS*

Resuscitation by 12 1.3% 10 1.2% NS*

intubation

NICU admission 37 4.0% 36 4.4% NS*

*= Chi-square
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Table 3.14 Relationship between maternal and neonatal 

anthropomorphic factors and placental weight

P r*

Maternal booking weight (kg) 0.008 0.10

BMI 0.07 0.07

Maternal mean arm circumference (cm) 0.17 0.05

Infant birthweight (kg) <0.001 0.64

Infant ponderal index <0.001 0.25

*= Pearson correlation, BMI= body mass index
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3.8.0 SUMMARY

Every attempt was made in the preparation of this thesis to eliminate bias 

and to conduct the work as meticulously as possible. Tight recruitment 

criteria were used. The mothers had to be Caucasian, as the confounding 

effect of ethnicity is well described (Kist et al, 2008), they had to book their 

pregnancy at < 20 weeks gestation to ensure that an ultrasound scan could 

be performed to date the pregnancy accurately, the pregnancy had to be 

singleton, and they could not have a medical disorder that could 

significantly affect fetal growth or increase risk for development of maternal 

complications. These recruitment criteria were rigorously adhered to. 

Patients attending public, semi-private and private clinics were all 

approached.

The recruitment rate from all eligible candidates was 91%, which gave a 

total starting population of 1,011. Full maternal and perinatal outcome data 

were available in 91.4% of cases (924). Of these women, full placental 

histology was available for 810. All measurements throughout the study 

from maternal booking, ultrasound biometry and Doppler assessment, and 

each newborn anthropometric assessment were taken methodically three 

times and the mean result recorded in each case. At ultrasound, notching 

in the uterine artery was present in 3.1% (29) of women at 23 weeks 

gestation. Placentae with the appearance of Grannum grade 3 were seen 

in 96 (10.4%) cases at 35 weeks.

Pre-eclampsia developed in 3% (28) of our population, abruption occurred

in 0.6% (6) and 0.6% (6) experienced a mid-trimester loss. The mean
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gestation at delivery was 39.6 (SD 2.0) weeks gestation and 5.4% (51) 

infants were born prematurely. The mean infant birthweight for our 

population was 3.4kg (SD 0.56; rang 0.64-5.06kg). 11.6% (92) of placentae 

revealed chronic uteroplacental insufficiency and 21.5% (176) had 

evidence of infarction.
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4.1.0 COAGULATION AND FIBRINOLYTIC GENE POLYMORPHISM 

FREQUENCIES

All 1011 patients had buffy coats extracted from whole blood at booking. 

DNA was subsequently extracted for genetic analysis as described in 

methods. I will discuss frequencies in the population as a whole (1011 

women) and then frequencies in the population whose complete ultrasound 

and outcome data were available (924 women).

4.1.1 Factor V Leiden

Heterozygosity for the FV Leiden polymorphism (GA) was detected at a 

frequency of 4.4% in the total recruited population (henceforth referred to 

as TRP) of 1,011 women. One woman was found to be homozygous for 

the mutation (AA) (Table 4.1). One sample did not amplify and hence no 

result was available. In the 924 women on whom complete outcome data 

was available (henceforth referred to as CODA), heterozygosity for FVL 

was detected at a population frequency of 4.2%. Allele frequencies are 

shown in Table 4.2. There was no statistical difference in the distribution of 

genotypes between the TRP group and the CODA group. The frequency of 

the heterozygote mutation was slightly higher than recent reported 

frequencies in the general Irish population (Livingstone et al, 2000) but 

consistent with other European data (Bauduer and Lacombe, 2005).
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Table 4.1 Genotype frequencies for coagulation and fibrinolytic

polymorphisms

Polymorphism Genotype Total Population OutcomePopulation
n=1011 % n=924 %

FVL AA 1 0.1 1 0.1
GA 44 4.5 39 4.2
GG 964 95.4 883 95.7

PT AA 0 0 0 0

GA 12 1.2 10 1.2
GG 990 97.9 907 98.8

MTHFR CC 408 40.4 383 41.5

CT 442 43.7 399 43.2
IT 121 12.0 107 11.6

PAI-1 44 250 24.7 228 24.7

45 350 34.6 323 35.0
55 145 14.3 134 14.5

Invalid 266 26.2 239 25.8

Table 4.2 Allele frequencies for coagulation 

polymorphisms

and fibrinolytic

Polymorphism Allele Total population Outcome population
n=1,011 n=924

FVL A 0.02 0.02
G 0.98 0.98

PT A 0.01 0.01
G 0.99 0.99

MTHFR C 0.65 0.64
I 0.35 0.34

PAI-1 4G 0.57 0.57
5G 0.43 0.43
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4.1.2 Prothrombin (Factor II G20210A)

Heterozygosity for the prothrombin nnutation (GA) was detected at a 

frequency of 1.2% in the TRP group. No women were homozygous for the 

mutation (AA) (Table 4.1). Six samples did not amplify and hence no result 

was available. In the CODA group, heterozygosity for PT G20210A was 

detected at a population frequency of 1.2%. There was no statistical 

difference in the distribution of genotypes between these two groups. The 

frequency of the heterozygote mutation was the same as reported 

frequencies in the general Irish population (Keenan etal, 2000).

4.1.3 Methylene TetrahHydroFolate Reductase (MTHFR C677T)

Homozygosity for the MTHFR C677T mutation (TT) was detected at a 

frequency of 12.0% in the TRP and 11.6% in the CODA. There was a 

frequency of 43.7%/43.2% of the CT genotype in the respective 

populations (Table 4.1). There were technical difficulties with obtaining 

genotypes from 40 samples (3.9%) in the overall population and 35 

samples (3.8%) in the outcome population. The frequency of carriage of 

the heterozygote mutation was slightly higher than previously reported 

frequencies in the general Irish population with the number of women 

homozygous for the mutation being slightly lower (Mynett-Johnson et al, 

2002).
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4.1.4 Plasminogen Activator Inhibitor -1  (PAI-1 -675 deletion 

4G/insertion 5G)

Homozygous carraige of the 4G/4G polymorphism was detected at a 

frequency of 24.7% in both the TRP and in the CODA. Technical difficulties 

resulted in genotyping not being possible overall in 26.2% and 25.8% of 

cases respectively, (Table 4.1, labelled invalid).

4.2.0: INFLAMMATORY POLYMORPHISM

4.2.1 Tumour Necrosis Factor-a -308 (TNF-a G308A)

The TNFa-308 AA genotype was detected in 3.2% in the TRP and 3.0% in 

the CODA (Table 4.3). This is similar to other reported frequencies in an 

Irish pregnant population (C. Keenan private communication).
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Table 4.3 Genotype frequencies for TNF-a 308 polymorphism

Genotype Total Population Outcome Population
n=1011 % n=924 %

AA 32 3.2 28 3.0
GA 279 27.6 255 27.6
GG 605 59.8 562 60.8

Invalid 93 9.2 79 8.6

Table 4.4 Allele frequencies for TNF-a -308 polymorphism

Allele Total Population Outcome Population
A 0.19 0.19
G 0.81 0.81
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4.3.0 ULTRASOUND OUTCOME

4.3.1. i Factor V Leiden G1691A

Mean gestation at the first and second study scan was similar for women 

without FVL (GG) and with FVL (GA). There were no differences in 

ultrasound findings between both groups (Table 4.5).

4.3. Hi Prothrombin (Factor II G20210A)

Mean gestational age for the 23 week and 36 week study scans were 

similar for both genotypes (GG and GA). There were no positive ultrasound 

findings in the GA group.

4.3.1.Hi Methylene TetrahHydroFolate Reductase (MTHFR C677T)

Mean gestational age for the 23 week and 36 week scans were similar for 

all three genotypes. The ultrasound findings are shown in Table 4.6.
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Table 4.5 Ultrasound findings with absence (GG) and presence (GA) 

of FVL

GG GA
23 weeks gestation n =878 % n =38 % P
Notch*** 27 3.3% 1 2.6% 0.60*
Mean PI >95*  ̂centile 43 5.3% 3 7.7% 0.30*
Placental infarcts 16 2.0% 1 2.6% 0.55*
35 weeks gestation n =837 % n =36 %
Notch*** 10 1.3% 2 6.5% 0.07*
Mean PI >95*  ̂centile 41 5.3% 0 0% 0.18*
Placental infarcts 166 20.1% 6 19.4% 0.45**
Grannum grade 3 91 12.2% 4 12.9% 0.50*

Table 4.6 Ultrasound findings according to MTHFR genotype (CC, CT, 

TT)

CC CT TT
23 weeks 
gestation

n=361 % n=389 % n=106 % P

Notch*** 15 4.1% 10 2.7 3 3.0 0.59*
Mean PI >95'^ 24 6.6% 15 4.1% 6 6.1% 0.32**
centile
Placental 6 1.7% 9 2.5% 2 2.0% 0.74*
infarcts
35 weeks n=342 n=353 n=102
gestation
Notch *** 6 1.8% 6 1.8% 0 0 0.41*
Mean PI >95'^ 15 4.4% 19 5.7% 5 5.3% 0.73**
centile
Placental 72 21.4% 73 21.7% 22 23.2% 0.93**
infarcts
Grannum 44 13.3% 43 13.0% 5 5.5% 0.02**
grade3

* = Fisher’s exact test, ** = Chi-square, *** =presence of uterine artery
notch, Pl=pulsatility index
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4.3.1.iv: Plasminogen Activator Inhibitor -1  (PAI-1 -675  deletion 

4G/insertion 5G)

Mean gestational age at the study scans was similar for all 3 genotypes. 

Ultrasound outcomes were not detectably different between carriers of the 

different PAI-1 genotypes (Table 4.7).

4.3.1-v: Tumour Necrosis Factor-a -308 (TNF-a G308A)

There were no significant differences in ultrasound findings and the 

presence of the TNFa-308 polymorphism. The proportion of women who 

were homozygous (AA) for the TNFa-308 polymorphism and had a mean 

uterine artery Doppler PI of >95*  ̂ centile, was just outside of significance 

(p=0.013) (Table 4.8).
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Table 4.7 Ultrasound findings and PAI-1 genotypes

4G/4G 4G/5G 5G/5G
23 weeks 
gestation

n=238 % n=335 % n=137 % P

Notch *** 7 3.2% 9 2.9% 4 3.2% 0.89*
Mean PI >95*  ̂
centile

10 4.6% 22 7.1% 10 7.9% 0.42**

Placental
infarcts

3 1.4% 8 2.6% 5 4.0% 0.31*

35 weeks 
gestation

n=223 % n=325 % n=129 % P

Notch *** 2 1.0% 8 2.7% 2 1.7% 0.41*
Mean PI >95‘^ 11 5.4% 16 5.4% 5 4.2% 0.91**
Placental 46 22.5% 66 22.2% 26 21.7% 0.98**
Grannum grade 
3

29 14.4% 37 12.8% 9 7.7% 0.20**

Table 4.8 Ultrasound findings and TNF-a genotypes

GG GA AA
23 weeks 
gestation

n=558 % n=262 % n=28 % P

Notch*** 16 3.0% 11 4.6% 1 4.3% 0.5*
Mean PI >95*  ̂
centile

26 4.9% 17 7.1% 3 12.5% 0.17*

Placental
infarcts

12 2.3% 4 1.7% 1 4.2% 0.68*

35 weeks 
gestation

n=530 % n=252 % n=24 P

Notch 8 1.6% 3 1.3% 1 4.8% 0.4*
Mean PI >95‘  ̂
centile

24 4.9% 10 4.4% 4 19.0% 0.013*

Placental
infarcts

108 21.9% 47 20.6% 5 26.3% 0.81**

Grannum
grade3

53 11.0% 31 14.1% 5 26.3% 0.08**

* = Fisher’s exact test, ** = Chi-square, *** =presence of uterine artery
notch, Pl=pulsatility index
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4.4.0 PREGNANCY OUTCOME

4.4.1 Maternal outcome

4.4.1.1 Factor V Leiden G1691A

Second trimester loss was experienced by 0.6% (5) women without 

FVL(GG) and 2.6% (1) of the FVL (GA) group. This was not significant 

(p=0.2) (Table 4.9). Premature delivery less than 37 weeks occurred in 

5.6% (49) and 5.3% (2) of women GG and GA respectively. No women in 

the FVL GA group delivered before 32 weeks gestation. There no 

difference in pregnancy induced hypertension (2.6%) and pre-eclampsia 

(5.1%) in the FVL group compared to women without FVL (1.9%, 2.7%) 

(p=0.5, p=0.3). The mean gestation at diagnosis of hypertension was not 

statistically different between women with or without FVL, with diagnosis at 

37.6 weeks (95% Cl 35.1, 40.1) in the FVL group and 36.6 weeks (95% Cl 

35.4,37.8) in the non FVL group.

4.4.1 a Prothrombin (Factor II G20210A)

All women carrying the prothrombin mutation delivered at term. There were 

no hypertensive disorders diagnosed in women heterozygous for the PT 

mutation (GA) and none of them had an abruption.

4.4.1.Hi: Methylene TetrahHydroFolate Reductase (MTHFR C677T)

The incidences of second trimester loss, premature delivery, PIH or pre

eclampsia are shown in Table 4.10. There were no significant differences 

noted in them. However, women with hypertension who were homozygous 

for the wild type (CC) were significantly (p=0.008) more likely to be

diagnosed with hypertension at the earlier gestation of 35.7 weeks,
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Table 4.9 Maternal outcome with respect to absence (GG) or presence 
(GA) of FVL

GG GA
n=883 % n=39 % P

2"'* trimester loss 5 0.6% 1 2.6% 0.2*
Premature delivery<37 weeks 49 5.6% 2 5.3% 0.6*
Premature delivery<32 weeks 9 1.0% 0 0% 0.6*
Pregnancy induced hypertension 17 1.9% 1 2.6% 0.5*
Pre-eclampsia 26 2.7% 2 5.1% 0.3*
Abruption 6 0.7% 0 0% 0.7*

Table 4.10 Maternal outcome according to MTHFR genotype (CC, CT, 
TT)

CC TT CT
n=383 % n=399 % n=107 % P

2' ^  trimester loss 3 0.8% 2 0.5% 1 0.9% 0.8*
Premature 21 5.5% 23 3.8% 5 4.7% 0.9**
delivery<37 weeks 
Premature 5 1.3% 3 0.8% 1 0.9% 0.7*
delivery<32 weeks 
Pregnancy induced 9 2.3% 7 1.8% 2 1.9% 0.8*
hypertension
Pre-eclampsia 11 2.9% 12 3.0% 2 1.9% 0.8*
Abruption 2 0.5% 2 0.5% 2 1.9% 0.3*

*= Fisher’s Exact test, **= Chi-square
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(95% Cl 33.7-37.6 weeks), than women who were homozygous for the 

mutation (TT), who were diagnosed at 39.3 weeks, (95% Cl 36.4-42.2 

weeks). This subgroup of CC carriers who had hypertension, delivered at a 

similar gestation (38.4 weeks; 95% Cl 37.2-39.6 weeks) as TT carriers with 

hypertension who delivered at 40.3 weeks, (95% Cl 40.0-40.6) (p=0.015). 

4.4.1.iv: Plasminogen Activator Inh ib itor -1  (PAI-1 -6 7 5  deletion  

4G/insertion 5G)

Table 4.11 shows the maternal outcome according to PAI-1 genotype. 

Women with the PAI-1 5G/5G genotype were not more likely to have a 

premature delivery at less than 32 weeks compared to the other 2 groups 

(p=0.03). There was no increased incidence of hypertension in any of the 

groups. The mean gestation for delivery of women with hypertension was 

similar amongst the groups, being at 37.0 weeks (95% Cl 34.5-39.5), 36.1 

weeks (95% Cl 34.7-37.5) and 36.7 weeks (95% Cl 33.2-40.2) for the 

4G/4G, 4G/5G, 5G/5G genotypes respectively.

4.4.1.V Tumour Necrosis Factor-a -308 (TNF-a G308A)

Maternal outcome for the various TNF«-308 genotypes are shown in Table 

4.12. A significantly (p<0.001) increased incidence of abruption was found 

in women carrying the AA genotype. We did not find any significant 

increases in premature delivery or other adverse outcomes with any of the 

genotypes.
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Table 4.11 Maternal outcome according to PAI-1 genotype (4G/4G, 

4G/5G, 5G/5G)

4G/4G 4G/5G 5G/5G P
n=228 % n=323 % n=134 %

2"'’ trimester loss 2 0.9% 2 0.6% 0 0% 0.6*
Premature 10 4.4% 18 5.6% 11 8.2% 0.3**
delivery<37 weel<s 
Premature 2 0.9% 1 0.3% 4 3.0% 0.03*
delivery<32 weeks 
Pregnancy induced 8 3.5% 7 2.2% 2 1.5% 0.4*
hypertension
Pre-eclampsia 7 3.1% 9 2.8% 3 2.2% 0.9*
Abruption 2 0.9% 3 0.9% 0 0.9% 0.5*

Table 4.12 Maternal outcome according to TNFa-308 genotype (GG,

GA, AA)

GG GA AA
n=562 % n=255 % n=28 % P

2"*̂  trimester loss 4 0.7% 1 0.4% 1 3.6% 0.2*
Premature 35 6.3% 14 5.5% 2 7.4% 0.8*
dellvery<37 weeks 
Premature 5 0.9% 3 1.2% 1 3.7% 0.4*
delivery<32 weeks 
Pregnancy Induced 13 2.3% 4 1.6% 1 3.6% 0.7*
hypertension
Pre-eclampsia 18 3.2% 6 2.4% 0 0% 0.5*
Abruption 1 0.2% 2 0.8% 2 1.7% <0.001*

*= Fisher’s Exact test, **= Chi-square
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4.4.2 Labour and delivery outcome

4.4.2.i Factor V Leiden G 1691A
Mean gestational age at delivery was sim ilar between women 

heterozygous for the FVL polymorphism (GA) (39.2 weeks, 95% Cl ±1.4) 

and those without (39.5 weeks,95% Cl±0.15). Women with FVL did not 

have longer labours (427 minutes 95% Cl±66) than those without (376 

minutes, 95% Cl ±14)(p=0.14). Women with FVL lost significantly less 

blood (p=0.04) at delivery overall (245mls, 95% Cl ±35; 285 mis, 95% Cl 

±12). This became more significant (p=0.02) following vaginal delivery 

alone (204 mis, 95% Cl ±29, 245 mis, 95% Cl ±12), when women who had 

caesarean sections were excluded.

There were no significant differences (p=0.4) between spontaneous onset 

of labour (78.8%, 76.4%) and induction rates (21.2%, 23.6%) in women 

with or without FVL. Rates of mode of delivery for the two groups of 

women are shown in Table 4.13. There was no difference in emergency 

caesarean section rates between women with or without FVL (p=0.4).

4.4.2 a Prothrombin (Factor II G20210A)

Mean gestation at delivery was the same between both genotypes, 39.5 

weeks, (95% Cl ±0.2) (GG) and 39.7 (95% Cl ±0.8). There was no 

difference in labour length between women with the GA genotype (287 

minutes, 95% Cl ±140) and those with the GG genotype (377 minutes, 

95% Cl±14), (p=0.3). EBL at delivery was similar between the groups.

Table 4.14 shows the mode of delivery according to genotype. There were 

no significant differences in the rates of each type of delivery. Rates of
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Table 4.13 Mode of delivery with respect to absence (GG) or presence

(GA) of FVL

Mode of delivery GG GA

n=878 % n=38 %
SVD 358 40.8% 18 48.6%
LSCS total 245 27.9% 12 32.3%

Emergency LSCS 207 23.6% 9 24.3%
Elective LSCS 38 4.3% 3 8.1%

Instrumental delivery total 268 30.5% 7 18.9%
Forceps 44 5.0% 0 0%
Vacuum 211 24.0% 7 18.9%
Vacuum and forceps 13 1.5% 0 0

Table 4.14 Mode of delivery with respect to PT genotype (GG, GA)

Mode of delivery GG GA
n=9011 % n=10 %

SVD 370 41.1% 4 40%
LSCS total

Emergency LSCS 212 23.6% 3 30%
Elective LSCS 40 4.4% 0 0%

Instrumental delivery total
Forceps 43 4.4% 0 0%
Vacuum 215 23.9% 3 30%
Vacuum and forceps 13 1.4% 0 0%

SVD= spontaneous vaginal delivery, LSCS= lower segment caesarean 

section
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induction (71.4%, 90%) and spontaneous onset of labour (22.1%, 10%), 

were similar between carriers of GG and GA respectively.

4.4.2.Hi: Methylene TetrahHydroFolate Reductase (MTHFR C677T)

Mean gestation at delivery, length of labour and EBL at delivery were 

similar for all 3 genotypes (Table 4.15).

Table 4.16 shows the mode of delivery according to genotype. There were 

no significant differences in rates of vaginal deliveries (p=0.6) or caesarean 

sections (p=0.9) between the different genotypes. Rates of spontaneous 

onset of labour (72.6%, 69.9%, 70.1%) and induction (20.8%, 24.1%, 

21.5%) were not significantly different (p=0.6,) among the CC, CT and TT 

genotypes respectively.

4.4.2.iv: Plasminogen Activator Inhibitor-1  (PAI-1 -675  deletion 

4G/insertion 5G)

Mean gestation at delivery (p=0.7), length of labour (p=0.8) and EBL 

(p=0.5) at delivery were similar for all three genotypes (Table 4.17). 

Women who were heterozygous for the PAI-1 polymorphism had similar 

rates of caesarean section (33.4% overall, 28.1% emergency) to those 

who were homozygous for the wild type (28.6%, 22.6%) and the mutation 

(27.0%, 22.1%) (Table 4.18). Rates of spontaneous onset of labour 

(77.5%, 75.3%, 76.2%) and rates of induction (20.8%, 22.8%, 21.8%) were 

similar (p=0.8) amongst carriers of the 4G/4G, 4G/5G and 5G/5G 

genotypes respectively.
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Table 4.15 Comparison of gestation at delivery, length of labour and

EBL according to MTHFR genotype (CC,CT,TT)*

CC (n=380) CT (n=397) TT(n=106)
mean 95% Cl mean 95% Cl mean 95% Cl

Gestation at 39.4 39.1,39.7 39.5 39.3,39.8 39.4 38.9,40.0
delivery (weeks) 
Labour length 376 354,397 383 362,404 368 327,410
(mins) 
EBL (mis) 284 266,302 289 270,307 265 235,295

Table 4.16 Mode of delivery according to MTHFR genotype

(CC,CT,TT)

Mode of delivery CC CT TT
n=380 % n=397 % n=106 %

SVD 164 42.9% 158 39.5% 45 42.1%
LSCS total 110 28.9% 113 28.2% 29 27.1%

Emergency LSCS 92 24.2% 96 24.1% 22 20.6%
Elective LSCS 18 4.7% 17 4.1% 7 6.5%

Instrumental delivery 
total

106 27.7% 126 31.7% 32 29.6%

Forceps 14 3.7% 24 6.1% 5 4.7%
Vacuum 86 22.4% 97 24.3% 25 23.4%
Vacuum & forceps 6 1.6% 5 1.3% 2 1.5%

Table 4.17 Comparison of gestation at delivery, length of labour and 

EBL according to PAI-1 genotype (4G/4G, 4G/5G,5G/5G)*

4G/4G(n=226) 4G/5G (n=321) 5G/5G (n=134)

mean 95% Cl mean 95% Cl mean 95% Cl
Gestation at 39.4 39.0,39.7 39.5 39.3,39.8 39.2 38.8,39.7
delivery (weeks) 
Labour length 380 352,408 384 361,407 357 325,390
(mins) 
EBL (mis) 273 253,294 291 268,314 265 243,287

*ANOVA, SVD= spontaneous vaginal delivery, LSCS= lower segment 

caesarean section
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4.4.2.vi: Tumour Necrosis Factor-a -308 (TNF-a G308A)

Gestation at delivery was similar in all 3 genotypes (Table 4.19). 

Spontaneous vaginal delivery rates were similar (p=0.8) amongst the 

genotypes (Table 4.20). There were no differences (p=0.8) in the rates of 

emergency caesarean sections between the different genotypes. There 

were no differences (p=0.6) in induction rates (21.3%, 23.7%, 22.2%) or 

spontaneous onset of labour (73.1%, 67.6%, 70.4%) between the different 

genotypes.
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Table 4.18 Mode of delivery according to PAM genotype (4G/4G,

4G/5G.5G/5G)

Mode of delivery 4G/4G 4G/5G 5G/5G

n=226 % n=321 % n=134 %
SVD 90 39.4% 133 41.3% 54 40.6%
LSCS total 62 27.0% 107 33.4% 38 28.6%

Emergency LSCS 50 22.1% 90 28.1% 30 22.6%
Elective LSCS 12 4.9% 17 5.3% 8 6.0%

Instrumental delivery 
total

74 32.8% 81 25.0% 38 28.6%

Forceps 11 4.9% 12 3.8% 6 4.5%
Vacuum 58 25.7% 66 20.3% 31 23.3%
Vacuum & forceps 5 2.2% 3 0.9% 1 0.8%

Table 4.19 Comparison of gestation at delivery, length of labour and 

EBL according to TNF-a -308 genotype (GG,GA,AA)*

GG (n=558) GA (n=253)______ AA (n=27)
mean 95% Cl mean 95% Cl mean 95% Cl

Gestation at 39.5 39.3,39.7 39.4 39.0,39.7 38.5 36.9,40.2
delivery (weeks) 
Labour length 387 369,405 363 338,388 401 323,478
(mins) 
EBL (mis) 277 263,291 304 281,328 325 192,459

Table 4.20 Mode of delivery according to TNF-a -308 genotype

(GG,GA,AA)

Mode of delivery GG GA AA
n=558 % n=253 % n=27 %

SVD 237 42.3% 103 40.3% 11 40.7%
LSCS total 160 28.5% 74 29.2% 8 29.6%

Emergency LSCS 138 24.7% 58 22.9% 6 22.2%
Elective LSCS 22 3.8% 16 6.3% 2 7.4%

Instrumental delivery 
total

160 28.7% 76 30.0% 6 25.9%

Forceps 23 4.1% 17 6.7% 1 3.7%
Vacuum 133 23.7% 55 21.7% 5 18.5%
Vacuum & forceps 5 0.9% 4 1.6% 1 3.7%

*=ANOVA
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4.4.3 Perinatal outcome

4.4.3.i Factor V Leiden G1691A

Mean infant birthweight was tlie same in carriers (3.42kg 95% Cl ±0.1) and 

non-carriers (3.45kg 95% Cl±0.1) of the FVL mutation. The distribution 

along the centiles showed a similar number (p=0.6) of infants less than the 

10*̂  centile born to women who were FVL carriers (13.5%) and non-FVL 

carriers (14.3%). There were no more infants less than the third centile 

born to women with FVL (10.8%) than those without (4.9%), There was no 

difference in distribution of macrosomic infants between the two groups. 

The infants’ ponderal indices were similar (p=0.2) in both groups, 27.8, 

95% Cl ±0.2 and 27.0 ±1.0 for wild type and FVL respectively.

There was no significant difference in perinatal morbidity in infants of FVL 

carriers compared to carriers of the wild type (Table 4.21). No infants born 

to mothers with FVL had a cord pH of less than 7.2. 51 (5.7%) of women 

without FVL had infants with cord pH<7.2, this was not statistically 

significant (p=0.3).

4.4.3.a Prothrombin (Factor II G20210A)

Mean infant birthweight was similar between in women with GG (3.42kg, 

95% Cl ±0.1) and GA (3.5kg, 95% Cl ±0.2). There was no difference in 

distribution of centiles between both groups. No women carrying the 

prothrombin mutation had an infant with an adverse perinatal outcome.
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Table 4.21 Perinatal morbidity and FVL

GG GA
n=878 % n=38 % P

Grade 3 meconium at delivery 25 2.9% 1 2.7% 0.7*
Apgar <7 at 5 minutes 11 1.3% 1 2.7% 0.4*
Cord pH <7.1 15 1.7% 0 0 0.5*
Resuscitation requiring 58 6.6% 5 13.5% 0.1**
intubation
NICU admission 36 4.1% 1 2.7% 0.5*

*=Fisher’s Exact test, **= Chi=square
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4.4.3.Hi: Methylene TetrahHydroFolate Reductase (MTHFR C677T)

Mean infant birthweight was similar amongst the different genotypes (Table 

4.22). There were similar numbers of infants below the 3̂  ̂ and 10'^ 

centiles. There was a trend towards women carrying the TT genotype 

having larger babies than those carrying the CC genotype (p=0.04 and 

0.02, for >90*  ̂ and >97‘  ̂ centiles respectively) but this was just outside of 

significance. As shown previously, there were no differences in maternal 

weight or incidence of gestational diabetes.

The perinatal outcome is shown in Table 4.23. There was no increase in 

resuscitation using intubation or more any of the genotypes, and this was 

reflected in similar admission rates to NICU.
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Table 4.22 Infant birthweight & centiles according to MTHFR 

genotype (CC, CT, TT)

CC (n=378) CT (n=397) TT(n=106)
95% Cl 95% Cl 95% Cl P

Infant
birthweight (kg)

3.41 3.36,3.47 3.44 3.39,3.50 3.41 3.29,3.53 0.7*

n % n % n % P
Birthweight<10‘'’
centile

49 13.0% 63 15.9% 13 12.3% 0.4**

Birthweight<3'^‘̂
centile

15 4.0% 24 6.1% 7 6.6% 0.3**

Birthweight>90‘^
centile

22 5.7% 42 10.5% 12 11.2% 0.03**

Birthweight>9/*^
centile

4 1.0% 11 2.8% 5 4.7% 0.054**

Table 4.23 Perinatal outcome according to MTHFR genotype (CC, CT, 

TT)

CC CT TT
n=378 % n=397 % n=106 % P

Grade3 meconium 
at delivery

8 2.1% 12 3.1% 6 5.6% 0.2**

Apgar <7 at 5 
minutes

6 1.6% 3 0.8% 3 2.9% 0.2***

Cord pH <7.1 7 1.8% 6 1.5% 2 1.9% 0.9***
Resus requiring 
intubation

19 5.0% 31 7.9% 11 10.4% 0.1**

NICU admission 14 3.7% 20 5.1% 3 2.8% 0.5***

*=ANOVA, **=Chi-square, ***=Fisher’s Exact test
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4.4.3.iv Plasminogen Activator Inhibitor-1  (PAI-1 -675 deletion 
4G/insertion 5G)

Mean infant birthweight and centiles are shown in Table 4.24. Between all 

the groups there no difference between groups for birthweights less than 

the 10*̂  centile (p=0.04) or less than the 3’̂ '̂  centile (p=0.04) The infants’ 

ponderal indices were similar amongst all the groups.

Perinatal outcome data is shown in Table 4.25. There was no difference in 

Apgar scores, low cord pHs, infants requiring resuscitation or admission 

rates to NICU between any of the groups.

4.4.3.V Tumour Necrosis Factor-a -308 (TNF-a G308A)

Mean infant birthweight at delivery was similar amongst all groups 3.41kg 

(95% Cl 3.37, 3.46), 3.41kg (95% Cl 3.34, 3.48) and 3.44kg (95% Cl 3.14, 

3.74) for infants born to mothers carrying GG, GA and AA respectively. 

Ponderal indices were also similar, 27.7 (95% Cl 27.5, 28.0), 27.9 (95% Cl 

27.4,28.3), 28.3 (95% Cl 27.2,29.5) for infants born to mothers carrying 

GG, GA and AA respectively.

Table 4.26 shows the perinatal outcome. There was an absence of 

meconium grade 3 in women carrying the AA genotype. This was 

confirmed histologically also. Overall there was no significant difference in 

perinatal outcome.
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Table 4.24 Infant birthweight and centiles according to PAI-1

genotype (4G/4G, 4G/5G, 5G/5G)

4G/4G (n=226) 4G/5G (n=321) 5G/5G (n=132)
95% Cl 95% Cl 95% Cl P

Infant
birthweight (kg)

3.36 3.29-3.45 3.45 3.39-3.51 3.42 3.32-3.52 0.2*

n % n % n % P
Birthweight<10'"
centile

40 17.8% 38 11.9% 18 13.6% 0.04**

Birthweight<3'‘̂
centile

16 7.1 9 2.8 8 6.1 0.04**

Birthweight>90‘^
centile

14 6.1% 29 9.0% 11 8.2% 0.4**

Birthweight>97‘^
centile

2 0.9% 9 2.8% 4 3.0% 0.25***

Table 4.25 Perinatal outcome according to PAI-1 genotype (4G/4G, 

4G/5G, 5G/5G)

4G/4G 4G/5G 5G/5G
n=226 %

CMCOIIc % n=132 % P
Grade3 meconium 
at delivery

6 2.7% 10 3.2% 4 3.0% 0.9***

Apgar <7 at 5 
minutes

6 2.7% 2 0.6% 0 0 0.9***

Cord pH <7.1 3 1.3% 5 1.5% 2 1.5% 0.9***
Resus requiring 
intubation

23 10.2% 22 6.9% 6 4.5% o.r*
NICU admission 8 3.5% 18 5.6% 5 3.8% 0.5**

Table 4.26 Perinatal outcome according to TNFa -308 genotype (GG,

GA, AA)

GG GA AA
n=560 % n=253 % n=27 % p***

Grade 3 meconium at 23 4.2% 2 0.8% 0 0 0.02
delivery
Apgar <7 at 5 minutes 8 1.4% 3 1.2% 1 3.7% 0.50
Cord pH <7.1 10 1.8% 3 1.2% 0 0 0.06
Resuscitation 47 8.5% 13 5.2% 1 3.7% 0.20
requiring intubation 
NICU admission 28 5.0% 8 3.2% 1 3.7% 0.4

*=ANOVA, **=Chi-square, ***=Fisher’s Exact test
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4.5.0 PLACENTAL OUTCOME

4.5.1 Factor V Leiden and placental histology

Heterozygosity for FVL was detected at a population frequency of 4.3% (35 

women) in the group of 810 women in whom complete placental histology 

was available. This group did not include the woman who was 

homozygous for FVL. As only one woman in the whole 1,011 population 

was homozygous for FVL, statistical inferences based on its presence 

cannot be drawn. There was no difference in age (26.2 95% Cl±0.5years, 

25.6±2.1 years), smoking status or social class between the women without 

the polymorphism and those with it. There was a difference (p=0.03) in 

weight between the groups. Women without the polymorphism were lighter 

(65.3±0.9kg: 71.1±4.5kg) at booking and had a lower BMI (24.3±0.3; 

26.1±1.7).

There was no difference in mean placental weight between the women 

without the polymorphism (GG) 61 Og (95% Cl 601 g, 619g) and women 

with it (GA) 617g (95% Cl 578g, 656g). Women carrying FVL did not have 

a significantly lower of incidence CUPI than those without (2.1% vs 

11.8%)(p=0.07). The prevalence of infarction, haemorrhage, thrombus and 

villous dysmaturity of all grades were similar in women with the 

polymorphism and without it (Table 4.27) Prevalence of histological 

evidence of infection and villitis were also similar in women with and 

without FVL (Table 4.28).
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Table 4.27 Placental histological findings in women without (GG) or 

with (GA) the FVL mutation

Histological
findings

GG (n=775) GA (n=35) P

n % n % P
Normal villi 445 57.5% 21 60.0% 0.46**

CUPI 91 11.8% 1 2.9% 0.07*

Villous

dysmaturity l-lll

218 28.2% 11 31.4% 0.40**

Villous 

dysmaturity 1

118 15.2% 5 14.3% 0.55**

Villous

dysmaturity I/ll

56 7.2% 4 11.4% 0.25*

Villous

dysmaturity II

49 6.3% 2 5.7% 0.61*

Villous

dysmaturity III

7 0.9% 0 0% 0.73*

Retroplacental

haemorrhage

19 2.5% 2 5.7% 0.22*

Retromembranous

haemorrhage

8 1% 1 2.9% 0.33*

Infarction 163 21.1% 11 31.4% 0.11**

Intervillous

thrombus

68 8.8% 3 8.8% 0.63*

*=Fisher’s Exact test, **=Chi-square, CUPI=chronic uteroplacental 

insufficiency
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Women with the FVL polymorphism were statistically more likely (p=0.049) 

to have histological presence of meconium than those without. This finding 

was consistent with the clinical presence of meconium seen in women 

carrying the FVL polymorphism (p=0.03). The histological presence of 

meconium was positively correlated (r=0.4) with the clinical presence of 

meconium of all grades 1 to 3 (p<0.001) (Table 4.29). However this did not 

remain significant when presence of meconium grade 3 alone was 

examined(r=0.01).

4.5.2 Prothrombin (Factor II G20210A) and placental histology

Heterozygosity for the prothrombin mutation (GA) was detected at a 

frequency of 1.2% in the 810 women in whom complete placental histology 

was available. The demographic characteristics of those with (GA) and 

without the polymorphism were similar. There were no significant 

differences in placental findings between women with (GA) and without 

(GG) the polymorphism (Table 4.30).
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Table 4.28 Histological evidence of infection in women without (GG) 

or with (GA) the FVL mutation

GG GA

n=775 % n=35 % P
Ascending infection (Stage 1) 205 26.5% 10 28.6% 0.46**

Chorioamnionitis (stage 2) 15 1.9% 0 0.0% 0.97*

Vilitis 27 3.5% 1 2.9% 0.65*

Table 4.29 Clinical and histological presence of meconium in women 

without (GG) and with (GA) the FVL mutation

GG GA

n=775 % n=35 % P
Histologlcal evidence meconium 43 5.6% 5 14.3% 0.049**

Meconium at delivery grade 1-3 140 18.9% 11 34.4% 0.03**

Meconium at delivery grade 3 18 2.4% 1 5.3% 0.56*

*=Fisher’s Exact test, **=Chi-square
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Table 4.30 Placental histological findings in women without (GG) or 

with (GA) the PT G20210A polymorphism

Histological
findings

GG (n=800) GA(n=10)

n % n % P*
Normal villi 457 57.6% 6 60% 0.57

CUPI 90 11.3% 1 10% 0.68

Villous 224 28.2% 3 30% .57

dysmaturity l-lll 

Villous 121 15.3% 2 20% 0.488

dysmaturity 1 

Villous 59 7.4% 0 0 0.46

dysmaturity I/ll 

Villous 50 6.3% 0 0 0.9

dysmaturity II 

Villous 6 0.8% 1 10% 0.08

dysmaturity III 

Retroplacental 21 2.6% 0 0 0.7

haemorrhage

Retromembranous 9 1.1% 0 0 0.89

haemorrhage

Infarction 173 21.8% 0 0 0.08

Intervillous 71 9.0% 0 0 0.3

thrombus

Histological 48 6.1% 0 0 0.53

meconium

Ascending 212 26.7% 3 30% 0.52

infection (Stage 1) 

Chorioamnionitis 16 2.2% 0 0 0.83

(stage 2) 

Vilitis 28 3.5% 0 0 0.7

*=Fisher’s Exact test, CUPI=chronic uteroplacental insufficiency
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4.5.3 Methylene TetrahHydroFolate Reductase (MTHFR C677T) and 

placental histology

Homozygosity for the MTHFR C677T mutation (TT) was detected at a 

frequency of 12% in the TRP of 1,011 women and 11.5% in the 810 

women in whom complete placental histology was available. There was a 

frequency of 43.7%/43.2% of the CT genotype in the respective 

populations (Table 4.31). There were technical difficulties with obtaining 

genotypes from 40 samples (3.9%) in the overall population and 29 

samples (3.6%) in the placental histology outcome population.

There was no difference in maternal weight, BMI and placental weight. 

Mean age was similar across the groups. There was no significant 

difference in rates of maternal smoking between the groups with 25.2% 

(CC), 29.7% (CT) and 30.4% (TT) of women smoking (Table 4.32).

All histological parameters were similar between the groups (Table 4.33).
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Table 4.31 MTHFR polymorphism genotype frequencies and allele 

frequencies in the total and placental population

Genotype Total Population Placental Population

n=1,011 % n=810 %

CC 408 40.3% 338 41.7%

CT 442 43.7% 350 43.2%

IT 121 12.0% 93 11.5%

Invalid 40 4.0% 29 3.6%

Allele frequency Total Population Placental Population

C 0.64 0.66

T 0.34 0.33

Table 4.32 Age, weight, BMI and placental weight according to 

genotype of MTHFR polymorphism*

CC (n=338) CT (n=350) TT (n=93)

95% Cl 95% Cl 95% Cl

Age (years) 26.4 25.8-27.0 26.6 25.8-27.5 25.8 24.6-27.0

Weight (kg) 65.2 63.8-66.6 66.0 64.6-67.5 66.4 63.9-68.9

BMI 24.2 23.7-24.6 24.4 23.9-24.9 24.9 23.9-25.9

Placental

weight(g)

610 596-624 613 598-628 614 388-641

*=ANOVA
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Table 4.33 Placental histological findings in women carrying the 

MTHFR polymorphism

Histological

findings

CC (n=338) CT (n=350) TT (n=93)

n % n % n %

Normal villi 205 60.7% 191 54.6% 53 57.0%

CUPI 38 11.2% 44 12.6% 7 7.5%

Villous dysmaturity 1 48 1.25 58 16.6% 15 16.1%

Villous dysmaturity 18 5.3% 29 8.3% 9 9.7%

I/ll

Villous dysmaturity II 22 6.5% 20 5.7% 6 6.5%

Villous dysmaturity III 3 0.9% 3 0.9% 1 1.1%

Retroplacental 9 2.7% 8 2.3% 4 4.3%

haemorrhage

Retromembranous 5 1.5% 3 0.9% 1 1.1%

haemorrhage

Infarction 77 22.8% 68 19.4% 22 23.7%

Intervillous thrombus 34 10.1% 26 7.4% 9 9.7%

Histological evidence 21 6.2% 19 5.4% 6 6.5%

of meconium 

Ascending infection 82 24.3% 94 26.9% 32 34.4%

(Stage 1) 

Chorioamnionitis 6 1.8% 7 2.0% 3 3.2%

(stage 2) 

Vilitis 15 4.4% 13 3.7% 0 0%
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4.5.4 Plasminogen Activator Inhibitor -1  (PAI-1 -675  deletion 

4G/insertion 5G) and placental histology

Homozygosity for the 4G/4G polymorphism was detected at a frequency of 

24.9% in the placental histology population. Technical difficulties resulted 

in genotyping not being possible in 24.7% (Table 4.34).

Mean age, weight and BMI at booking were the same between all three 

groups of women (4G/4G, 4G/5G and 5G/5G) (Table 4.35). Smoking 

status was also similar with 29.2% (4G/4G), 30.0% (4G/5G) and 29.1% 

(5G/5G) of women smoking at booking.

There were no differences in placental histological findings between the 

different genotypes of the PAI-1 polymorphism (Table 4.36).
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Table 4.34 PAM polymorphism genotype frequencies and allele 

frequencies in the total and placental population

Genotype Total Population Placental Population

n=1,011 % n=810 %

4G/4G 250 24.7 202 24.9%

4G/5G 350 34.6 290 35.8%

5G/5G 145 14.3 118 14.6%

Invalid 266 26.2 200 24.7%

Allele frequency Total Population Placental Population

4G 0.57 0.57

5G 0.43 0.43

Table 4.35 Age, weight, BMI and placental weight according to 

genotype of PAI-1 polymorphism*

4G/4G(n=202) 4G/5G (n=390) 5G/5G(n=118)

95%CI 95%CI 95%CI

Age (years) 25.8 ±0.9 25.9 ±0.7 25.8 ±1.2

Weight (kg) 65.3 ±1.6 65.1 ±1.4 66.3 ±2.4

BMI 24.2 ±0.6 24.3 ±0.5 25.0 ±0.9

Placental weight (g) 602.9 ±17.7 610 ±15.1 617 ±25.5

*=ANOVA
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Table 4.36 Placental histological findings in women carrying the PAI-1 

polymorphism

Histological findings 4G/4G 4G/5G 5G/5G

n=202 % n=390 % n=118 %

Normal villi 110 54.5% 166 57.2% 66 55.9%

CUPI 26 12.9% 34 11.7% 10 8.5%

Villous dysmaturity 1 37 18.3% 42 14.5% 21 17.8%

Villous dysmaturity I/ll 16 7.9% 25 8.6% 9 7.6%

Villous dysmaturity II 10 5.0% 21 7.6% 7 5.9%

Villous dysmaturity III 3 1.0% 1 0.5% 1 0.8%

Retroplacental 7 3.5% 9 3.1% 2 1.7%

haemorrhage

Retromembranous 2 1.0% 4 1.4% 2 1.7%

haemorrhage

Infarction 47 23.3% 65 22.4% 27 22.9%

Intervillous thrombus 24 11.9% 22 7.6% 17 14.4%

Histological evidence of 17 8.4% 12 4.1% 10 8.5%

meconium

Ascendinginfection 62 30.7% 67 23.1% 31 26.3%

(Stage 1)

Chorioamnionitis(stage2) 3 1.5% 5 1.7% 3 2.5%

Villtis 8 4.0% 9 3.1% 4 3.4%
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4.5.5 Tumour Necrosis Factor-a -308 (TNF-a G308A) and placental 

histology

The TNF-cx-308 AA genotype was detected in 2.8% of the 810 women in 

whom placental outcome was available. There were technical difficulties 

with obtaining results for 61 (7.5%) of the samples (Table 4.37). There was 

no difference in age, weight, BMI or placental weight between the three 

groups of women (Table 4.38). Smoking rates were also similar in all 

groups.

Women who were homozygous for the mutation (AA) had histological 

evidence of infarction at levels just outside of significance (p=0.016) (Table 

4.39). The women carrying the A allele were more likely to have evidence 

of retroplacental haemorrhage (p=0.03) than those without. They did not 

however have significantly more retromembranous haemorrhages (p=0.5). 

Previous work (Simham et al 2003) has shown an increase in clinical 

chorioamnionitis with the presence of the TNF-a-308 mutation. We found 

no increased evidence of ascending infection in carriers of the A allele.

(p=0.6).
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Table 4.37 Genotype frequencies for TNF-a 308

Genotype Total Population Placental Population

n=1,011 % n=810 %

AA 32 3.2 23 2.8

GA 279 27.6 228 28.1

GG 605 59.8 498 61.5

Invalid 93 9.2 61 7.5

Allele frequency Total Population Placental Population

A 0.19 0.18

G 0.81 0.82

Table 4.38 Age, weight, 6MI and placental weight according to 

genotype of TNF-a-308 polymorphism*

GG (n=498) GA (n=228) AA (n=23)

95% Cl 95% Cl 95% Cl

Age (years) 26.6 26.0-27.2 26.3 25.5-27.0 25.3 23.3-27.2

Weight (kg) 66.0 64.8-67.3 65.4 63.8-67.0 65.2 60.9-69.3

BMI 24.5 24.1-24.9 24.4 23.6-24.8 23.0 22.6-25.3

Placental weight(g) 613 601-625 607 591-625 610 532-689

*=ANOVA
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Table 4.39 Placental histological findings in women carrying the TNF- 

a-308 polymorphism

Histological findings GG GA AA

n= % n= % n= %

498 228 23

Normal villi 288 57.8% 130 57.0% 16 69.6%

CUPI 55 11.0% 30 13.0% 1 4.3%

Villous dysmaturity 1 78 15.7% 32 14.0% 2 8.7%

Villous dysmaturity I/ll 38 7.6% 19 8.3% 1 4.3%

Villous dysmaturity II 30 6.0% 11 4.8% 2 8.7%

Villous dysmaturity III 3 0.6% 4 8.1% 0 0%

Retroplacental haemorrhage 8 1.6% 10 4.4% 2 8.7%

Retromembranous 6 1.2% 2 0.9% 0 0%

haemorrhage

Infarction 99 19.9% 54 23.7% 7 30.4%

Intervillous thrombus 45 9.0% 20 8.8% 2 8.7%

Histological evidence of 34 6.8% 11 4.8% 0 0%

meconium

Ascending infection (Stage 1) 129 25.9% 67 29.4% 8 34.8%

Chorioamnionitis (stage 2) 12 2.4% 3 1.3% 1 4.3%

Vilitis 24 4.8% 2 0.9% 1 4.3%
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4.6.0 MULTIPLE MUTATIONS AND OUTCOME

The population frequency of the presence of each individual mutation is 

given in Table 4.1. Adverse outcomes are more likely to occur in the 

presence of more than one mutation and the incidence is found to be 

greater than the expected summative effect of each mutation (Preston et al 

1996). 171 women in our group had at least one of FVL, PT G20210A 

polymorphism, MTHFR C677T polymorphism orTNFa-308 polymorphism. 

This number increased to 348 when the PAI-1 polymorphism was included. 

59 women had at least two mutations including the PAI-1 polymorphism 

and the individual breakdown according to mutation is given in Table 4.40. 

As the PAI-1 polymorphism was the most widely distributed and as there 

were technical difficulties with the PCR, analysis of outcome and multiple 

mutations was carried out in two groups, those who had more than one 

mutation excluding PAI-1 and those who had more than one mutation 

including carriage of PAI-1.

4.6.1 Multiple mutations and ultrasound outcome

Women carrying more than one mutation, not including PAI-1, had a 

significantly higher (p=0.02) incidence of mean uterine artery Doppler PI 

>95"  ̂ centile at 23 weeks compared to women without any mutations. A 

mean PI >95*  ̂ centile was seen in 4.8% (36) women without mutations, 

compared to 23.1% (3) incidence in women who had at least 2 mutations. 

The combinations of mutations found were as follows, one woman had
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Table 4.40 Frequency of carriage of one or more mutations

Mutation n %

No mutations 576 62.4%

One mutation only 289 31.3%

FVL and P I 1 0.1%

FVL and MTHFR 4 0.4%

MTHFR and FT 3 0.3%

PAI-1 and FVL 11 1.2%

PAI-1 and PT 2 0.2%

PAI-1 and TNFa-308 8 0.9%

PAI-1 and MTHFR 25 2.7%

PAI-1, FVL and MTHFR 2 0.2%

PAI-1 TNF(x-308 and MTHFR 3 0.3%

Total 924 100%
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FVL and PT, one had FVL and MTHFR and one had MTHFR and PT. 

There were no other significant findings seen In the ultrasound analysis of 

presence of a notch at 23 and 36 weeks, mean PI >95*  ̂ centile at 36 

weeks or presence of Grannum grade 3 in women with multiple mutations 

both including and excluding the PAI-1 polymorphism.

4.6.2 Multiple mutations and maternal outcome

Incidence of pre-eclampsia and pregnancy induced hypertension was 

similar in women carrying mutations and those without. There also were 

similar rates of premature delivery <37 and <32 weeks gestation and 

similar incidences of second trimester losses.

4.6.3 Multiple mutations and labour and delivery outcome

The gestation at delivery, length of labour and estimated blood loss at 

delivery was similar for all groups. There were no significant differences in 

mode of delivery or incidence of spontaneous or induced labours.

4.6.4 Multiple mutations and neonatal outcome

Infant birthweights and ponderal indices were similar in all groups. The 

frequency of both low birthweight (<10*^ centile) and macrosomia (>90*^ 

centile) were similar. There were a similar number of infants requiring 

resuscitation and admitted to NICU born to women with one and more than 

one mutation (Table 4.41 and 4.42).
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Table 4.41 Neonatal outcome and the presence of more than one 

mutation, excluding the PAI-1 polymorphism.

No mutation >1 (excl. PAI-1)

n=753 % n=8 % P*
Grade 3 meconium at delivery 20 2.6% 1 7.7% 0.3

Apgar <7 at 5 minutes 10 1.3% 1 7.7% 0.2

Cord pH <7.1 14 1.7% 0 0 0.8

Resuscitation requiring intubation 50 6.5% 2 15.4% 0.2

NICU admission 35 3.6% 2 15.4% 0.1

Table 4.42 Neonatal outcome and the presence of more than one 

mutation, including the PAI-1 polymorphism.

No mutation >1 (incl PAM)

n=576 % n=59 % P
Grade3 meconium at delivery 16 2.7 3 5.1% 0.2*

Apgar <7 at 5 minutes 6 1.0% 2 3.4% 0.2*

Cord pH <7.1 13 2.1% 2 2.9% 0.4*

Resus requiring intubation 32 5.5% 6 10.2% 0.1**

NICU admission 28 4.8% 2 3.4% 0.5*

*=Fisher’s Exact test, **=Chi-square
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4.6.5 Multiple mutations and placental histology

There were no differences in the incidence of normal villi, presence of 

CUPI or of villous dysmaturity amongst the groups. There were 

significantly more (p=0.03) retroplacental haemorrhages in the group 

carrying multiple mutations including PAI-1 compared to those with no 

mutations (Table 4.43). Histological evidence of meconium was found in 

significantly more women (p=0.03) with more than one mutation than those 

without. This was positively correlated (r=0.34, p<0.001) with the clinical 

presence of meconium at delivery.

Ascending infection was seen significantly more frequently in women with 

multiple mutations, both excluding (p=0.003) and including (p=0.02) the 

presence of the PAI-1 polymorphism. This effect was not seen in the 

presence of chorioamnionitis or villitis (Table 4.44).
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Table 4.43 Vascular histological findings, meconium and presence of 

multiple mutations

No mutations >1 excl 

PAI-1

No mutations >1 incl PAI-1

n=753 % n=8 % P n=576 % n=59 % P
RPH 13 1.7% 0 0 0.7 10 1.7% 4 6.8% 0.03*

RMH 8 1.1% 1 7.7% 0.1 7 1.2% 1 1.7% 0.5*

Infarction 134 17.8% 2 15.4% 0.6 100 17.4% 13 22% 0.2**

IVT 59 7.8% 2 15.4% 0.3 40 6.9% 4 6.8% 0.6*

Histological

meconium

40 5.35 3 23.1% 0.03 25 4.3% 4 6.8% 0.3*

Meconium 

at delivery

141 19.5% 6 54.5% 0.01 102 18.4% 15 27.8% 0.07**

Table 4.44 Histological features of infection and presence of multiple 

mutations

No

mutations

>1 excl 

PAI-1

No

mutations

>1 incl 

PAI-1

n= % n= % P n= % n= % P
753 8 576 59

Ascending 167 22.2 8 61.5 0.003** 122 21.2 20 33.9 0.02**

infection

Chorioamnionitis 13 1.7 1 7.7 0.2* 11 1.9 1 1.7 0.7*

(stage 2)

Vilitis 26 3.5 0 0 0.6* 19 3.3 1 1.7 0.4*

*=Fisher’s Exact test, **= Chi-square, RPH=retroplacental haemorrhage, 

RMH=retromembranous haemorrhage, IVT=intervillous thrombus
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4.7.0 SUMMARY AND DISCUSSION

4.7.1 Factor V Leiden

Heterozygosity for the FV Leiden polymorphism (GA) was detected at a 

population frequency of 4.4% in the overall population. One woman was 

found to be homozygous for the mutation (AA). The frequency of the 

heterozygote mutation was slightly higher than recent reported frequencies 

in the Irish population (Livingstone et al, 2000) but consistent with other 

European data (Bauduer and Lacombe, 2005) and therefore is a 

representative sample of the target group.

Measurements of blood flow resistance and other ultrasound parameters 

revealed no overall significant difference in women with or without FVL. 

Uterine artery flow assessment is not part of the routine ultrasonographic 

assessment in low-risk primigravids, but is used in high risk-populations. 

The value in assessing uterine artery flow in the low-risk primigravid 

population would lie in a perceived benefit or alteration in patient 

management as a result of the test which would perhaps be warranted if 

the patient were known to be a carrier of a thrombophilia. Our work 

supports that of Salomon and others (2004) who did not find any difference 

in blood flow resistance in the presence of a thrombophilia in a group of 

just over 600 low-risk primigravida. Our findings are strengthend by the 

homogenous nature of our population and the availability of placental 

histology.
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Carriage of FVL was associated with a significantly higher (p=0.049) 

histological presence of meconium in the placenta. This finding is 

consistent with the clinical presence of meconium seen in women carrying 

the FVL polymorphism (p=0.03). The prevalence of placental meconium is 

greatly dependant on the population studied and on whether pathologists 

perform gross and microscopic examination (Beebe et al, 1996). These 

were carried out in our population. There were no differences in gestation 

at delivery or percentage of post-term pregnancies in women carrying FVL 

compared to those without. The fact that we were able correlate clinical 

findings with histological findings strengthens the association. This 

association with the presence of FVL has not been described previously. 

However, its clinical significance is uncertain.

There was no demonstrable increased prevalence of pre-eclampsia, mid

trimester loss or premature delivery in women with FVL. None of the 

women in our population who had a clinical abruption had FVL.

Women with FVL lost significantly less blood (p=0.04) at delivery (245mls, 

95% Cl ±35; compared with those who did not have FVL (285 mis, 95% Cl 

±12). This became more significant (p=0.02) when vaginal delivery (204 

mis, 95% Cl ±29, 245 mis, 95% Cl ±12) was looked at separately from 

caesarean section. Women with FVL did not have longer labours (427 

minutes 95% Cl±66) than those without (376 minutes, 95% Cl ±14). 

Normal pregnancy is associated with changes in all aspects of 

haemostasis in part to ensure rapid and effective control of bleeding at the 

time of placental separation. A limitation of our finding is that it is well

recognized that estimation of blood loss at delivery is inaccurate (Razvi et
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al, 1996) and that the difference, while statistically significant, may not be 

clinically significant. This association between the amount of blood lost at 

delivery and the presence of FVL has been previously reported by Linqvist 

and others (1998). They postulated that as FVL has such a high population 

frequency, it may act as an evolutionary selection mechanism conferring 

such survival advantages as reduction in the risk of intrapartum bleeding. 

Salomon and others (2005) looked at the relationship between secondary 

post-partum haemorrhage and FVL but did not comment on blood loss at 

delivery. In support of the accuracy of this finding in our population, in the 

year preceding commencement of our study, extensive staff training in the 

management of post partum haemorrhage had been carried out in our 

hospital. This included training in assessing EBL using a visual analog 

scale (Rizvi et al, 2004) and resulted in a decrease in overall incidence of 

post partum haemorrhage and an increased adherence to guidelines in the 

management of post partum haemorrhage.

4.7.2 Prothrombin (Factor II G20210A)

Heterozygosity for the prothrombin mutation (GA) was detected at a

population frequency of 1.2%. No women were homozygous for the

mutation (AA). The frequency of the heterozygote mutation was the same

as reported frequencies in the Irish population (Keenan et al, 2000).

The heterozygous presence of the prothrombin mutation has been

associated with the highest risk of abruption amongst all thrombophilias

(OR 7.71) (Robertson, 2006). None of the low risk women in our population

who were carriers of the mutation were found to have either clinical or
173



histological evidence of abruption or other vascular features which may be 

associated with abruption such as the presence of thrombosis or infarction. 

Nor were there any obvious differences in ultrasound parameters in 

women carrying the mutation. We did not see an increased incidence of 

hypertensive disorders or of second trimester loss, which have been 

shown (Robertson, 2006) to be associated with heterozygous carriage of 

the prothrombin G20210A mutation. We acknowledge that as regards the 

prothrombin muation, our study was not adequately powered to detect 

differences in outcomes for women who were carriers of this mutation. 

While screening of women who have had abruptions for the prothrombin 

G20210A mutation may be indicated, our work supports others (Salomon 

et al, 2004) in suggesting that screening low risk women in their first 

pregnancies for the prothrombin mutation is unlikely to be useful in 

identifying those at risk of developing complications prospectively due to 

the large numbers of women who would have to be screened in order to 

detect those at increased risk.

4.7.3 Methylene TetrahHydroFolate Reductase (MTHFR C677T)

Homozygosity for the MTHFR C677T mutation (TT) was detected at a

frequency of 11.6% in the outcome population. The frequency of the

heterozygote mutation (43.2%) was slightly higher than previously reported

frequencies in the Irish population with the number of women homozygous

for the mutation being slightly lower. (Mynett-Johnson et al, 2002).

Robertson’s (2006) systematic review had 27 studies relating to MTHFR.

This showed that pre-eclampsia was the only outcome for which a small
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but significant relationship to homozygous presence of the MTHFR 

mutation was found (OR 1.37). In common with Murphy and others (2000), 

who examined a similar Irish population to us, we did not find any 

difference in the incidence of pre-eclampsia or other maternal complication 

in our cohort of women carrying the TT genotype. Women with 

hypertension who were homozygous for the wild type (CC) were 

significantly more likely to be diagnosed with hypertension at an earlier 

gestation (35.7 weeks, 95% 33.7-37.6; 39.3 weeks, 95% Cl 36.4-42.2, 

p=0.008) but not to deliver earlier (38.4, 95% Cl 37.2-39.6; 40.3, 95% Cl 

40.0-40.6, p=0.015) than women who were homozygous for the mutation 

(TT). This finding runs contrary to previous reviews (Robertson, 2006; 

Alfirevic 2002). It is difficult to explain in the context of the suggested 

reason for increased pre-eclampsia in TT carriers which is that the higher 

level of plasma homocysteine associated with MTHFR-TT has an adverse 

effect on the vascular endothelium (Cotter et al, 2003). All other maternal, 

ultrasound and perinatal outcome parameters were similar amongst the 

carriers of the different genotypes.

4.7.4 Plasminogen activator inhibitor-1 (PAI-1 -675  deletion 

4G/insertion 5G) poiymorphism

Homozygosity for the 4G/4G polymorphism was detected at a frequency of 

24.7% in the outcome population. Technical difficulties with the assay 

resulted in genotyping not being possible in 25.8% of the cases. We did

not find any association between carriage of the 4G/4G polymorphism and
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increased rate of pre-eclampsia, abruption or midtrlmester loss and any 

significant finding may have been lost due to the high number of cases in 

which the genotype could not be determined. This was disappointing.

It is hypothesized that PAI-1 4G/4G may compromise regular placental 

formation and invasion because of increased PAI-1 expression and 

concomitant reduced fibrinolytic activity (Buchholz et al, 2003). Glueck and 

others (2000) postulated that hypofibrinolysis mediated by 4G/4G 

homozygosity is an independent risk factor for pregnancy complications 

through its role in causing thrombotic placental insufficiency. We were 

unable to detect any difference in frequencies of the vascular features or 

villous features of the placentae amongst carriers of the different PAI-1 

genotypes.

4.7.5 Tumour necrosis factor-a308

The TNFa-308 AA genotype was detected in 3.0% and outcome 

populations. The frequency of this genotpe in the Irish population has not 

previously been published. Inflammatory cytokines such as IL-6 and TNF-a 

have been shown to be prothrombotic by increasing endothelial tissue 

factor production and affecting protein C activation by the perturbation of 

endothelial protein C receptor and thrombomodulin (Esmon et al, 1991; 

Nawroth and Stern, 1986; Hooper et al, 1998). A number of findings in 

women who had the AA genotype would appear to support the supposition 

that the presence of this single nucleotide polymorphism (SNP) is 

associated with increased thrombotic complications. We found a

significantly (p<0.001) increased incidence of clinical abruption in women
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carrying the AA genotype. Histologically, women carrying the A allele were 

significantly more likely to have evidence of retroplacental haemorrhage 

(p=0.03) than those without. Complete thrombotic occlusion of an 

incompletely or abnormally remodelled spiral artery results in the formation 

of a wedge shaped villous infarct. If the artery undergoes reperfusion it can 

rupture leading to acute retroplacental haemorrhage and the clinical 

syndrome of placental abruption which Is likely to be the mode of action in 

these women.

The association of theTNFa AA genotype with pre-eclampsia has been 

disputed, with some finding an association (Haggerty et al, 2005) and 

others finding none (Daher et al, 2006). Despite the known association of 

pre-eclampsia and abruption, we did not find an increased incidence of 

pre-eclampsia in women with the AA genotype, nor did it appear to have 

an effect on the incidence of infants with birthweights less than the 3'̂ '’ or 

10‘  ̂centiles.

This polymorphism has been associated with increased risk of 

chorioamnionitis (Simhan et al, 2003) and preterm premature rupture of the 

fetal membranes (Roberts et al, 1999). There was no difference In 

gestation at delivery, premature delivery, PPROM, infant birthweight or 

spontaneous versus Induced labours in carriers of GG, GA or AA. Women 

who were heterozygous (GA) were not significantly more likely to have a 

shorter labour (363.5m lns) than those with the wild type 

(GG)(396.8mins)(p=0.04). When presence of infection was controlled for, 

this did not alter the significance. Women carrying the TNF-cx308 GA

mutation were not more likely to have chorioamnionitis. Therefore it
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appears not to be a strong independent risk factor for chorioamnionitis. If it 

does affect risl< as previous studies have indicated, it is likely that it is in 

conjunction with other feto-maternal and environmental factors.

4.7.6 Multiple mutations

Women carrying more than one mutation, not including PAI-1, had a 

significantly higher (p=0.02) incidence of mean uterine artery Doppler PI 

>95th centile at 23 weeks compared to women without any mutations. A 

mean PI >95th centile was seen in 4.8% of women without mutations, 

compared to 23.1% in women who had at least 2 mutations. None of the 

women with more than one mutation had clinical evidence of abruption. 

These findings may represent evidence of the effect altered haemostatic 

function on the placenta. There were no differences in the incidence of 

normal villi, presence of CUPI or of villous dysmaturity amongst the 

groups. Histological evidence of meconium was found in significantly more 

women (p=0.03) with more than one mutation than those without. This was 

positively correlated (r=0.34, p<0.001) with the clinical presence of 

meconium at delivery.

Histological evidence of ascending infection was seen significantly more 

frequently in women with multiple mutations, both excluding (p=0,003) and 

including (p=0.02) the presence of the PAI-1 polymorphism. This effect 

was not seen in the presence of chorioamnionitis or villitis. This did not 

have an impact on the incidence of preterm delivery or other labour 

outcomes and therefore is unlikely to be of clinical significance.
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5.1.0 CYTOKINE CONCENTRATIONS THROUGHOUT PREGNANCY

5.1.1 Tumour Necrosis Factor-a (TNF-a)

IN F  - a  concentrations were highly variable and distribution was skewed to 

the left at each time point, booking, 35 weeks and postnatally. Hence for 

the analysis, all data were logarithmically transformed with results then 

anti-logged to show mean actual values. Untransformed mean, median 

and range of TNF-cx over time are shown in Table 5.1. Repeated measures 

analysis revealed a statistically significant (p<0.001) change in T N F -a  

concentrations over all time points, with levels increasing from booking to 

35 weeks and falling below booking level postnatally (Figure 5.1).

5.1.2 lnterleukln-6 (IL-6)

11-6 concentrations were highly variable and distribution was skewed to the 

left at booking, 35 weeks and postnatally. Hence for the analysis, the data 

were logarithmically transformed with results then anti-logged to show 

mean actual values.. Untransformed mean, median and range of IL-6 over 

time are shown in Table 5.1 Repeated measures analysis revealed a small 

but statistically significant (p<0.001) change in IL-6 concentrations over the 

different time points, with levels increasing from booking to 35 weeks and 

falling again postnatally (Figure 5.2).

5.1.3 Vascular Endothelial Growth Factor (VEGF)

Similar to the other cytokines in this study, VEGF concentrations were 

highly variable and distribution was skewed to the left at each time point
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Table 5.1 Descriptive values of cytokines at each time point

Mean (SD) Median Range

TNF-a (pg/ml)

Booking 182.7 (469.7) 18.2 0-5690.4

35/40 278 (637.9) 27.5 0-5482.0

Postnatal 67.7 (255.1) 2.3 0-2413.7

IL-6 (pg/ml)

Booking 18.0 (89.4) 0.8 0-1332.6

35/40 19.5 (80.5) 1.4 0-1029.4

Postnatal 15.7 (59.2) 1.6 0-618.0

VEGF (pg/ml)

Booking 130.5(282.2) 51.6 2.9-3237.0

35/40 213.4 (548.1) 72.3 0-5974.1

Postnatal 101.7 (190.9) 26.9 0-1211.3

pg/ml=picograms/milliliter, SD= standard deviation

181



Figure 5.1 Change in log TNF-a concentration overtime
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and data were logarithmically transformed for analysis with results then 

anti-logged to show mean actual values. Untransformed mean, median 

and range of VEGF over time are shown in Table 5.1. Repeated measures 

analysis revealed statistically significant (p<0.001) change in VEGF 

concentrations over time, with levels increasing from booking to 35 weeks 

and falling again postnatally (Figure 5.3).

5.2.0 CYTOKINES AND ULTRASOUND FINDINGS

5.2.1 Doppler ultrasound of the uteroplacental circulation

Doppler ultrasound assessment of the uterine artery was performed on 

each patient at 23 and 35 weeks gestation as described in the methods 

chapter. Women with a mean uterine artery Doppler PI >95’  ̂ centile at 23 

weeks gestation had significantly higher levels of TNF-a, IL-6 and VEGF at 

booking compared to women whose mean PI was <95*  ̂centile (Table 5.2). 

This group of women had significantly elevated levels of IL-6 and VEGF at 

35 weeks also.

Women who had mean PI of the uterine artery >95'^ centile at 35 weeks 

had elevated levels of TNFa at booking and 35 weeks compared to those 

with a PI in the normal range (Table 5.3). The levels of IL-6 and VEGF at 

both time points did not show any association.

No difference in levels of TNFa, IL-6 and VEGF at booking and 35 weeks 

were seen in women with early diastolic notching in their uterine artery at 

23 weeks or 35 weeks gestation compared to those without notches.
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Table 5.2 Actual mean cytokine levels at each time point and uterine 

artery Doppler PI at 23 weeks gestation

PIOS’”

n=45

95% Cl Pl>95*'’

n=866

95% Cl P*

TNFa (pg/ml)

Booking 48.4 45.8-51.0 162.4 159.9-164.9 <0.001

35/40 80.6 78.5-82.7 152.9 150.2-155.6 0.07

PN 22.9 20.2-25.6 68.0 65.7-70.7 0.05

IL-6 (pg/ml)

Booking 3.5 1.4-5.6 11.2 8.6-13.8 0.001

35/40 4.1 2.0-6.2 11.2 8.7-13.7 0.003

PN 2.8 0.9-4.9 8.2 5.3-11.1 0.02

VEGF (pg/ml)

Booking 62.8 60.5-66.1 89.1 86.8-91.4 0.02

35/40 85.6 83.6-87.6 123.9 121.6-127.1 0.04

PN 35.2 33.1-37.2 89.1 86.3-91.9 0.03

Table 5.3 Mean PI of the uterine artery >95‘  ̂centlle at 35 weeks and 

mean levels of TNFa (pg/ml) at booking and 35 weeks

Pl<95*'’

n=815

95% Cl Pl>95*'’

n=42

95% Cl P*

Booking 177.3 146.1-208.4 303.9 139.7-468.1 0.03

35 weeks 267.6 224.7-310.5 533.5 264.6-802.4 0.2

*= t-test, Pl=pulsatility index, pg/ml=picograms per millilitre, Cl= confidence 

interval, PN=postnatal
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5.2.2 Ultrasound assessment of the umbilical cord, placenta and 

amniotic fluid

5.2.2.i Umbilical artery Doppler

Umbilical artery Doppler was assessed at 23 and 36 weeks. The direction 

of flow and the mean PI were recorded. No incidence of reversed diastolic 

flow was seen at either gestation. A mean PI of >95*  ̂centile for our cohort 

at each time point was considered to indicate Increased resistance to flow. 

Women who had a raised PI at 23 weeks were more likely (p=0.02) to have 

increased levels of TNF-a at 35 weeks. All other cytokines showed no 

significant differences (Table 5.4).

5.2.2.H Grannum grade

Grannum grade 3 was seen In 10.4% (96) women at the 35 week 

ultrasound scan. Women with a Grannum grade 3 placenta were 

significantly more likely to have lower levels of IL-6 at booking and at 35 

weeks. They had significantly lower levels of VEGF at booking but this 

difference had disappeared at 35 weeks. In fact, VEGF levels were slightly 

higher at this time point in women with Grannum grade 3 although this was 

not significant (Table 5.5).
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Table 5.4 Umbilical artery centile at 23 weeks and actual mean

levels of TNFa (pg/ml) at booking and 35 weeks

PK95*"

n=866

95% Cl Pl>95*'’

n=45

95% Cl P*

Booking 51.4 49.8-53.5 49.9 47.1-52.8 0.9

35 weeks 79.0 76.9-81.1 181.3 178.4-184.2 0.02

Table 5.5 Grannum grading and mean levels of IL-6 and VEGF at 

booking and 35 weeks

Grannum

0-2

n=738

95% Cl Grannum

3

n=102

95% Cl P*

IL-6 (pg/ml)

Booking 17.4 11.1-23.8 9.6 2.7-26.5 0.08

35 weeks 19.1 13.4-24.8 15.4 3.6-27.6 0.02

VEGF (pg/ml)

Booking 129.4 109.2-159.6 97.6 51.9-143.3 0.02

35 weeks 86.5 84.5-88.5 90.0 87.9-92.1 0.16

*= t-test, Pl=pulsatility index, pg/ml=picograms per millilitre, CI=confidence 

interval
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5.2.2. Hi Placental lakes

There were no differences in presence or absence of placental lakes on 

ultrasound at the 23 week scan and actual mean values of all cytokines at 

any time point. At the 35 week scan, women with placental lakes had a 

significantly (p=0.013) higher level of IL-6 at 35 weeks compared to those 

with no lakes (Table 5.6). The difference in VEGF levels at 35 weeks were 

just outside significance level (p=0.057) (Table 5.6). The presence of 

placental lakes was not associated with any significant change in TNFa 

levels at any time point.

5.2.2.1V Placental infarction

Women with placental infarcts seen at their 23 week scan (16) were more 

likely to have raised levels of TNFa at all three time points. This was 

significant for TNFa measured at booking (p=0.026) and postnatally 

(p=0.013) and was just outside of significance at 35 weeks 

(p=0.054)(Table 5.7). No difference was seen in cytokine levels between 

the 187 women who had infarcts at the 35 week scan and those who did 

not. Women who had infarcts seen at both 23 week and 35 week 

ultrasound scans had significantly elevated levels of VEGF at booking and 

significantly elevated levels of all 3 measured cytokines at 35 weeks (Table 

5.8).
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Table 5.6 Placental lakes at 35 weeks and actual mean IL-6 and VEGF 

levels (pg/ml)

Lakes
n=32

95% Cl No lakes 
n=831

95% Cl P*

IL-6

Booking 8.2 5.0-11.4 3.3 1.2-5.4 0.056

35/40 10.5 7.5-13.5 4.1 2.0-6.1 0.013

PN 2.8 -0.9-6.5 3.0 0.9-5.1 0.89

VEGF

Booking 73.7 71.3-76.1 63.4 61.4-65.4 0.39

35/40 129.0 126.6-131.4 85.6 83.6-87.6 0.057

PN 38.1 34.1-42.1 37.3 35.0-39.5 0.96

Table 5.7 Presence of placental infarcts on ultrasound and actual

mean TNFa levels (pg/ml)

Infarcts 95% Cl No infarcts 95% Cl P*
23 week scan n=16 n=838

TNFa Booking 165.7 162.3-169.1 49.4 47.2-51.6 0.026

35/40 202.4 198.8-206.0 79.7 77.7-81.7 0.078

PN 239.8 237.9-241.7 23.3 20.9-25.6 0.013

35 week scan n=186 n=668

TNFa Booking 47.4 46.2-48.6 49.4 47.2-51.6 0.83

35/40 107.8 105.4-110.2 75.9 73.7-78.1 0.07

PN 36.5 34.5-38.8 20.1 17.7-22.4 0.03

*=t-test, Cl= confidence interval, PN=postnatal
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5.2.2.V Amniotic fluid volume

There were no significant differences in cytokine levels in women with 

reduced or absent amniotic fluid levels at 35 weeks compared to those with 

normal amniotic fluid volumes (Table 5.9).

5.2.2vi Placental length and thickness

There were no significant differences in cytokine levels in women with 

placentae that were longer or thicker than the 95‘  ̂ centile at either study 

ultrasound or women with normally sized placentae.

5.3.0 CYTOKINES AND MATERNAL OUTCOME

5.3.1 Second trimester loss

Women whose pregnancies ended with a second trimester loss had 

significantly higher levels of IL-6 and VEFG at booking compared to those 

with pregnancies that continued past 23'"® weeks (Table 5.10). Levels of 

TNFcx and IL-6 remained significantly elevated postnatally in women with 

second trimester loss (Table 5.10).
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Table 5.8 Presence of placental infarcts at both 23 and 35 week

ultrasound and actual mean cytokine levels (pg/ml)

Infarcts
n=4

95% Cl No infarcts 95% Cl 
n=855

P*

TNFa

Booking 357.8 353.3-362.3 49.4 47.2-51.6 0.054

35/40 992.3 988.1-996.6 80.6 78.4-82.8 0.014

IL-6

Booking 10.4 6.4-14.4 3.7 1.5-5.9 0.22

35/40 27.4 24.4-30.4 4.2 2.0-6.4 0.024

VEGF

Booking 200.3 194.3-206.3 63.4 61.4-65.4 0.018

35/40 368.7 364.5-371.9 86.5 84.5-88.5 0.014

Table 5.9 Amniotic fluid volume at 35 weeks and actual mean 

cytokine levels (pg/ml)

AFV
reduced/absent

n=5

95% Cl AFV
normal
n=855

95% Cl P*

TNFa

Booking 45.6 43.3-47.8 49.8 47.6-50.9 0.94

35/40 54.1 52.9-55.9 83.1 80.9-85.3 0.54

IL-6

Booking 3.7 -0.3-8.0 3.7 1.5-5.9 0.99

35/40 3.1 -3.0-9.1 4.3 2.2-6.4 0.77

VEGF

Booking 40.8 38.5-43.1 63.4 61.3-65.5 0.31

35/40 98.4 95.9-101.9 87.4 85.4-89.4 0.68

*=t-test, CI=confidence interval, pg/ml=picogram per milliliter, AFV= 

aminotic fluid volume
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Table 5.10 Second trimester loss and actual mean cytokine levels

(pg/ml)

2"'' T loss 95% Cl Ongoing 95% Cl P*

TNFa

Booking

PN

n=6

247.2

595.8

243.9-251.5

591.3-600.3

n=918

49.4

23.6

47.4-51.4

21.4-25.8

0.054

0.03

IL-6

Booking 18.7 13.8-23.6 3.6 1.4-5.8 0.04

PN 52.5 46.3-58.7 2.9 0.7-5.0 0.02

VEGF

Booking 127.7 125.1-130.3 63.4 61.4-65.4 0.04

PN 186.8 184.2-189.3 36.2 31.8-40.6 0.07

2^^  I  loss = 2"'  ̂trimester loss, ongoing =ongoing pregnancy, *=t-test, 

CI=confidence interval, pg/ml=picogram per milliliter
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5.3.2 Preterm delivery

5.3.2.1 Preterm delivery between 24*° and 36*^ weeks gestation

There was no difference in TNFa, IL-6 or VEGF levels at booking in 

women who delivered between 24 and weeks. Of the 51 women who 

delivered preterm, 36 of them delivered prior to giving a second blood 

sample at 35 weeks. Therefore, the data on cytokine levels at 35 weeks for 

this outcome pertains to the 15 women who had blood taken at 35 weeks 

prior to their preterm delivery (Table 5.11).

5.3.2H Preterm delivery between 24^° and 32*° weeks gestation 

There were no significant differences in the levels of any cytokine either at 

booking or postnatally between women who delivered prematurely 

between 24 and 32 weeks and those who delivered at term (Table 5.12).

5.3.3 Antepartum haemorrhage

5.3.3.1 Antepartum haemorrhage- all causes

There were no significant differences in cytokine levels at any time point 

between women who experienced an antepartum haemorrhage of any 

cause and those who had none (Table 5.13).

5.3.3.H Placental abruption

Women who had an abruption had no difference in levels of cytokines at 

any time point apart from IL-6 levels postnatally (p=0.03) compared to 

those who did not have an abruption (Table 5.14). Levels of cytokines at 

35 weeks are not shown as all but one of the abruptions took place before 

35 weeks gestation and hence valid comparison could not be made.
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Table 5.11 Premature delivery between 24*° and 36*® or term delivery

and actual mean cytokine levels

Premature
n=51

95% Cl Term
n=867

95% Cl P*

TNFa

Booking 70.8 68.0-73.6 47.9 45.7-50.1 0.24

35/40 125.2 122.2-128.7 81.4 79.2-83.6 0.4

PN 47.0 43.8-50.2 22.6 18.2-27.0 0.14

IL-6

Booking 3.5 1.3-6.3 3.6 1.4-5.8 0.8

35/40 7.8 4.2-12.4 4.2 2.0-6.4 0.2

PN 3.7 1.9-5.5 2.9 0.7-5.1 0.5

VEGF

Booking 71.5 68.9-74.2 63.4 61.4-65.4 0.38

35/40 169.0 164.4-173.6 85.6 83.6-87.6 0.011

PN 59.1 56.3-61.8 35.5 33.3-37.7 0.2

Table 5.12 Premature delivery between 24*° and 32*° and actual mean

cytokine levels (pg/ml)

Premature
n=8

95% Cl Term
n=867

95% Cl P*

TNFa

Booking 20.7 16.5-24.9 49.4 47.2-51.6 0.3

PN 2.3 0.1-4.5 22.4 21.1-23.7 0.2

IL-6

Booking 1.0 0-1.9 3.6 1.6-5.6 0.09

PN 1.0 0-2.0 2.9 0.7-5.1 0.4

VEGF

Booking 64.7 61.9-67.5 63.4 61.4-65.4 0.9

PN 11.8 9.6-14.0 36.5 34.3-38.7 0.5

*=t-test, CI=confidence interval, pg/ml=picogram per milliliter, PN=postnatal
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Table 5.13 Actual mean cytokine levels at each time point and 

antepartum haemorrhage (all causes)

APH
n=59

95% Cl No APH 
n=859

95% Cl P*

TNFa (pg/ml)

Booking 47.5 44.8-50.2 49.9 47.8-52.0 0.86

35/40 59.1 56.3-61,9 83.9 81.8-86.0 0.3

IL-6 (pg/ml)

Booking 3.7 1.0-6.4 3.7 1.6-4.8 0.93

35/40 4.8 2.0-7.6 4.2 2.1-6.3 0.71

VEGF (pg/ml)

Booking 65.3 63.1-67.5 63.2 61.2-65.2 0.82

35/40 92.8 89.2-96.4 86.4 84.4-88.4 0.71

Table 5.14 Abruption and actual mean cytokine levels at each time 

point

Abruption
n=6

95% Cl No
abruption

n=912

95% Cl P*

TNFa (pg/ml)

Booking

PN

46.5

244.7

38.8-54.2

225.9-

263.5

49.4

24.0

47.3-51.5

21.9-26.1

0.93

0.07

IL-6 (pg/ml)

Booking 2.8 -4.8-10.4 3.7 1.6-5.8 0.74

PN 46.0 34.9-57.1 2.9 0.8-5.0 0.03

VEGF (pg/ml)

Booking 87.3 84.6-90.0 63.4 61.4-65.4 0.36

PN 244.7 241.4-

248.0

36.5 34.4-38.6 0.1

*=t-test, CI=confidence interval, pg/ml=picogram per milliliter, 

APH=antepartum haemorrhage, PN=postnatal
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5.3.4 Hypertension in pregnancy

5.3.4.i Pre-eclampsia

Women who developed pre-eclampsia had significantly higher levels of 

TNF -a  at booking compared to those who did not develop pre-eclampsia 

(p=0.04) (Table 5.15). This difference disappeared by 35 weeks gestation. 

There were no differences in the levels of the other cytokines. Women who 

did not reach 24 weeks gestation or developed pregnancy induced 

hypertension were excluded from this analysis.

5.3.4.a Pregnancy induced hypertension

Cytokine levels were similar at all time points between women who 

developed pregnancy induced hypertension and those who did not (Table 

5.16). Women who did not reach 24 weeks gestation or developed pre

eclampsia were excluded from this analysis.
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Table 5.15 Presence of pre-eciampsia and actual mean cytokine 

levels

PET
n=28

95% Cl No PET 
n=870

95% Cl P*

TNFa (pg/ml)
Booking 103.5 100.8-106.2 48.9 46.8-51.0 0.04

35/40 49.4 45.7-53.1 83.0 80.9-85.1 0.31

IL-6 (pg/ml)
Booking 1.9 -1.3-5.7 3.8 1.7-4.9 0.21

35/40 4.3 1.3-7.3 4.3 2.2-6.4 1.0

VEGF (pg/ml)

Booking 53.0 50.8-55.2 64.0 62.0-66.0 0.33

35/40 93.6 91.2-96.0 86.5 84.5-88.5 0.75

Table 5.16 Presence of pregnancy induced hypertension and actual

mean cytokine levels (pg/ml)

PIH
n=18

95% Cl NoPIH
n=870

95% Cl P*

TNFa (pg/ml)
Booking 54.6 51.1-57.7 49.9 47.8-52.0 0.88

35/40 50.4 46.3-54.5 83.1 81.0-85.2 0.37

IL-6 (pg/ml)
Booking 6.8 2.9-10.7 3.6 1.5-5.7 0.29

35/40 8.1 4,5-11.7 4.2 2.1-6.3 0.27

VEGF (pg/ml)

Booking 56.2 53.7-59.7 64.1 62.1-66.1 0.59

35/40 71.5 68.8-74.2 87.4 85.4-89.4 0.48

*=t-test CI=confidence interval, pg/ml=picogram per milliliter, PET=pre- 

eclampsia, PIH=pregnancy-induced hypertension, PN=postnatal
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5.4.0 CYTOKINES AND LABOUR AND DELIVERY OUTCOME

5.4.1 Spontaneous and induced labour

There was no difference in cytokine values at any time point in women who 

were induced or women who had spontaneous onset of labour.

5.4.2 Labour onset at term or post-dates (>42 weeks gestation)

Women who reached 42 weeks gestation or more showed no difference in 

levels of cytokines at anytime point compared to women who went into 

labour at term (between 37 and 41+6 weeks gestation)(Table 5.17).

5.4.3 Spontaneous vaginal delivery and delivery by emergency 

caesarean section

Women who had a spontaneous vaginal delivery were more likely to have 

higher levels of IL-6 at 35 weeks (p=0.02). There were no differences in 

levels of TNF-ct or VEGF (Table 5.18).

5.4.4 Estimated blood loss at delivery

Women with TNF-a and IL-6 values greater than the 90*  ̂ centile at 35 

weeks lost significantly less blood (p<0.01) at delivery than those with 

values in the normal range. While TNF-a and IL-6 values >90*  ̂ centile at 

booking showed a trend towards less blood loss this was not significant 

(Table 5.19).
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Table 5.17 Labour onset post dates (>42weeks) or at term and actual 

mean cytokine levels (pg/ml)

>42
n=58

95% Cl Term
n=809

95% Cl P*

TNFa (pg/ml)
Booking 45.0 42.3-47.7 48.5 46.4-50.6 0.80

35/40 70.1 67.4-72.8 82.3 80.2-84.4 0.80

PN 30.8 27.9-33.7 22.0 19.8-24.2 0.61

IL-6 (pg/ml)
Booking 5.0 2.5-7.5 3.6 1.5-5.7 0.45

35/40 4.6 2.2-6.8 4.1 1.9-6.3 0.72

PN 2.3 -0.5-4.8 2.9 0.8-5.0 0.53

VEGF (pg/ml)
Booking 79.1 76.9-81.3 62.3 60.3-64.3 0.68

35/40 89.1 86.8-91.3 84.7 82.7-86.7 0.79

PN 44.7 42.1-47.9 34.8 32.6-37.0 0.45

*=t-test CI=confidence interval, pg/ml=picogram per milliliter, PN=postnatal
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Table 5.18 Spontaneous vaginal delivety or emergency caesarean

section and actual mean cytokine levels

SVD
n=377

95% Cl EmLSCS
n=217

95% Cl P*

TNFa (pg/ml)
Booking 46.0 43.8-48.2 48.5 46.2-50.8 0.83

35/40 78.3 76.1-80.5 71.5 69.2-73.8 0.68

PN 31.2 28.8-33.6 18.5 15.9-21.1 0.12

IL-6 (pg/ml)
Booking 4.6 2.4-6.8 3.1 0.8-5.4 0.06

35/40 5.3 3.1-8.5 3.3 1.0-5.4 0.02

PN 3.4 1.1-5.8 2.4 0-4.8 0.16

VEGF (pg/ml)
Booking 66.7 64.6-68.8 58.5 56.4-60.6 0.14

35/40 90.9 88.8-93.0 84.7 82.5-86.9 0.47

PN 37.3 35.0-38.6 29.4 27.0-31.8 0.32

Table 5.19 Estimated blood loss (mis) and cytokine levels >90 

centile

th

Normal
range

95% Cl >90**’
centile

95% Cl P*

TNFa
Booking 286 272-300 266 209-323 0.43

35/40 291 275-307 228 202-254 <0.01

IL-6
Booking 293 277-309 273 227-319 0.47

35/40 290 274-306 232 200-264 <0.01

VEGF

Booking 282 271-293 294 237-351 0.56

35/40 280 268-292 291 239-343 0.58

*=t-test, CI=confidence interval, pg/ml=picogram per m illlliter, 
PN=postnatal, SVD=spontaneous vaginal delivery, EmLSCS=emergency 
lower segmaent caesarean section
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5.5.0 CYTOKINES AND PERINATAL OUTCOME

5.5.1 Infant birthweight

Infants born to mothers who had TNF-a and IL-6 values >90*  ̂centlle at 35 

weeks had significantly lighter babies by 180g than those who had cytokine 

values within the normal range (p=0.01, p<0.01) (Table 5.20). The 

relationship between the actual mean cytokine levels and extremes of 

infant birthweight was explored. Women who had babies weighing less 

than the 10*̂  centile (p<0.01) and less than the 3'̂ '̂  centile (p=0.047) at birth 

were more likely to have higher levels of IL-6 at 35 weeks than those who 

had babies with birthweights within the normal range. There were no other 

significant associations between birthweight centiles and actual mean 

cytokine levels (Table 5.21).

5.5.2 Meconium grade 3 at delivery

There were no differences in the mean actual values of the cytokines at 

each time point and the presence of clear liquour or meconium grade 3 at 

delivery (Table 5.22).

5.5.3 Admission to NICU

The mean actual values of the cytokines at each time point were similar in 

mothers who had infants admitted to NICU and those who did not (Table 

5.22). 37 infants were admitted to the NICU during the study.
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Table 5.20 Mean infant birthweight (kg) and cytokine levels >90**̂  

centile

Normal
range

95% Cl >90
centile

95% Cl P*

TNF-a
Booking 3.42 3.38-3.46 3.32 3.22-3.42 0.29

35/40 3.52 3.48-3.56 3.34 3.25-3.45 0.01

IL-6
Booking 3.42 3.37-3.47 3.29 3.13-3.45 0.1

35/40 3.52 3.48-3.56 3.34 3.23-3.45 <0.01

VEGF
Booking 3.43 3.39-3.47 3.39 3.29-3.49 0.56

35/40 3.48 3.45-3.51 3.39 3.30-3.48 0.10

Table 5.21 Relationship between extremes of infant birthweight in 

centiles and actual mean cytokine levels expressed as p-values*

TNF-a IL-6 VEGF
Booking 35 week Booking 35 week Booking 35 week 

Infant BW

<3'’'' 0.70 0.18 0.36 <0.05 0.69 0.85

< 10*̂ 0.47 0.82 0.94 < 0.01 0.73 0.43

> 90“^ 0.94 0.50 0.39 0.66 0.08 0.11

> 97‘^ 0.26 0.63 0.17 0.44 0.32 0.66

*AII p values are based on t-tests, CI=confidence interval, pg/ml=picogram 
per milliliter, PN=postnatal, kg=kilogram, BW=birthweight
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5.5.4 Cord pH value <7,1

Infants with cord pH values of <7.1 at delivery, of which there were 15, 

were significantly (p<0.01) associated with higher maternal actual mean 

values of TNF-a (177.7 pg/ml) at booking compared to Infants with normal 

cord pH values (47.9 pg/ml)(Table 5.22). There were no other significant 

associations seen.

5.5.5 Resuscitation requiring intubation

Mothers of infants who required intubation following delivery had lower 

levels of IL-6 (1.9 pg/ml)(p=0.01) and TNF-a (32.7 pg/ml)(p=0.14) at 

booking compared to those who did not (3.9 pg/ml, 51.7 pg/ml). This 

association was not present In the bloods taken at 35 weeks. (Table 5.22)

5.5.6 Apgars <7 at 5 minutes

The mean actual values of the cytokines at each time point were similar in 

mothers of infants who had Apgars of <7 at 5 minutes and those who did 

not (Table 5.22). 12 infants had Apgars less than 7 at 5 minutes.
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Table 5.22 Perinatal outcomes and actual mean cytokine levels

expressed as p-values

TNF-a IL-6 VEGF

Booking 35week Booking 35week Booking 35week

Meconium 3
0.46 0.19 0.32 0.59 0.96 0.84

NICU admission
0.28 0.31 0.07 0.66 0.82 0.52

Cord pH<7.1
<0.01 0.73 0.65 0.31 0.77 0.71

Resus requiring 
intubation

0.14 0.41 0.01 0.56 0.28 0.31

Apgars <7 at 5 mins
0.96 0.34 0.39 0.99 0.78 0.83

All p values are based on t-tests
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5.6.0 CYTOKINES AND PLACENTAL OUTCOME

5.6.1 Placental weight

Women who had placentae that weighed less than the 5*̂  centile had 

higher levels of VEGF at 35 weeks and of all cytokines postnatally (Table 

5.23). This association was not as strong in placentae weighing <10‘  ̂

centile. There were no differences in cytokine levels between placentae 

greater than the 90*̂  or 95*  ̂centiles and those weighing within the normal 

range

5.6.2 Villous features

5.6.2./ Chronic uteroplacental insufficiency (CUPI)

There was a trend towards women who had placentae with CUPI having 

lower mean actual cytokine levels at booking than those with normal villi. 

That situation appeared to reverse at 35 weeks and postnatally, with CUPI 

placentae showing a trend towards higher cytokine levels at these time 

points, however this was not significant.

5.6.2.iiVillous dysmaturity (VD)

No obvious trends in changes of cytokine levels were apparent when 

placentae with signs of villous dysmaturity were compared to those with 

normal villi. There were no obvious differences overall or at each level of 

VD from l-lll.
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Table 5.23 Placental weight <5*  ̂and >5̂ *̂  centile and actual mean

cytokine levels

<5*̂ ’
centile
n=38

95% Cl >5**’
centile
n=886

95% Cl P*

TNFa (pg/ml)
Booking 54.7 51.9-57.5 47.8 45.7-49.9 0.65

35/40 138.3 135.4-141.2 80.3 78.2-82.4 0.18

PN 57.4 54.5-60.3 22.3 20.1-24.5 0.04

IL-6 (pg/ml)
Booking 5.9 3.2-8.1 3.9 1.8-6.0 0.12

35/40 7.7 5.0-10.4 4.1 2.0-6.2 0.06

PN 9.9 6.7-13.1 2.8 0.6-5.0 <0.01

VEGF (pg/ml)
Booking 774. 75.2-79.6 63.0 61.0-65.0 0.12

35/40 122.4 120.1-125.7 85.6 83.6-87.6 0.03

PN 108.4 105.9-110.9 35.2 33.1-37.3 <0.01

*= t-test
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Vascular features

5.6.3.1 Retroplacental haemorrhage

Theres were no differences in the mean actual cytokine levels at any time 

point between women who had retroplacental haemorrhages and those 

who did not.

5.6.3.iiRetromembranous haemorrhage (RMH)

Women who had RMH had lower levels of TNF-a at booking and 

postnatally and significantly (p<0.05) lower levels at 35 weeks compared 

to those who did not have a RMH. There were no other significant 

differences in cytokines associated with RMH.

5.6.3. Hi Presence of placental infarction

There were no obvious trends in cytokine levels associated with placental 

infarction at the different time points.

5.6.3.1V Intervillous thrombus (IVT)

Levels of all cytokines at booking appeared to be higher in women who 

developed IVT. This change was not noted at 35 weeks or postnatally.

5.6.4 Features of placental infection

5.6.4.1 Chorioamnionitis

Women who go on to develop histologically confirmed chorioamnionitis 

appear to have lower mean actual levels of cytokines at booking although 

this is not significant.
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5.6.4.ii Ascending infection

There were no obvious trends in cytokine levels associated with ascending 

infection at the different time points.

5.6.4. Hi Villitis

There were no obvious trends in cytokine levels associated with the 

presence of villitis.

5.6.5 Histological presence of meconium

There were significantly (p=0.01) lower levels of IL-6 at 35 weeks gestation 

seen in women who had histological evidence of meconium compared to 

those without. There were no other significant changes seen.

5.7.0 CYTOKINES AND POLYMORPHISMS

In order to ascertain if levels of cytokines were different in women carrying 

the 5 polymorphisms we tested for, we examined the mean actual levels of 

each of the 3 cytokines at each time point, in the homozygous, wild type 

and mutation carriers. In order to exclude possible confounding factors, we 

excluded any women who developed pre-eclampsia, hypertension, had an 

abruption, had an infant weighing less than the 3'”'̂  centile or who had a 

preterm delivery or second trimester loss.

5.7.1 Coagulation and fibrinolytic polmorphisms

5 .7 .1.1 Factor V Leiden G 1691A

Women who carried the AG FVL mutation had significantly increased 

mean actual levels of VEGF at booking (p=0.008), 35 weeks (p=0.03) and
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Table 5.24 Factor V Leiden (GA/GG) and actual mean cytokine levels

GG 95% Cl GA 95% Cl P*
n=751 n=39

TNFa (pg/ml)
Booking 45.1 43.0-47.2 126.5 124.8-129.4 0.016

35/40 83.1 80.9-85.3 153.6 150.1-156.7 0.19

PN 22.6 20.4-24.8 45.0 41.5-48.5 0.25

IL-6 (pg/ml)
Booking 3.7 1.6-5.8 4.3 1.7-6.9 0.70

35/40 4.1 2.0-6.2 5.2 2.4-8.0 0.59

PN 2.8 0.6-5.0 5.2 2.4-8.0 0.19

VEGF (pg/ml)
Booking 62.8 60.8-64.8 102.5 100-105 0.008

35/40 85.5 83.5-87.5 144.0 141.3-146.7 0.03

PN 34.5 32.3-36.7 119.1 116.2-122.0 0.007

*=t-test
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postnatally (p=0.007). They also had higher levels of TNF-a at booking 

(p=0.016) (Table 5.24). Women carrying the prothrombin mutation were 

excluded from this analysis also.

5.7.1.ii Prothrombin (Factor II G20210A)

Women who had the PT G20210A polymorphism had increased mean 

actual levels of TNF-a at booking which was just outside of significance 

(p=0.06). There were no significant findings detected.

5.7.1.Hi Methylene TetrahHydroFolate Reductase (MTHFR C677T)

There were no significant differences noted in women who were 

homozygous for the MTHFR polymorphism compared to those who did 

not.

5.7.1.iv Plasminogen Activator Inhibitor -1  (PAI-1 -675  deletion 

4G/insertion 5G)

There were no significant differences in cytokine levels associated with the 

PAI-1 polymorphism at the different time points.

5.7.2 Inflammatory polymorphism

5.7.2.1 Tumour Necrosis Factor-a -308 (TNF-a G308A)

There was no apparent effect of the TNF-a 308 polymorphism on cytokine 

levels, particularly that of TNF-a at any of the time points (Table 5.25).
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5.8.0 SUMMARY AND DISCUSSION

Normal pregnancy is characterised by a mild systemic inflammatory 

response. As pregnancy advances, the systemic inflammatory response 

strengthens, peaking during the third trimester (Borzychowski et al, 2006; 

Melczer et al, 2003; Austgulen et al, 1994). Our results confirm this 

response. They also represent the largest prospective assessment of 

cytokine levels throughout pregnancy.

Women with a mean PI >95th centile of the uterine arteries at 23 weeks 

gestation had significantly higher levels of TNF-a, IL-6 and VEGF at 

booking compared to women whose mean PI was <95th centile (Table 

5.2). They continued to demonstrate significantly elevated levels of IL-6 

and VEGF at 35 weeks also. Women who had mean PI of the uterine 

artery >95th centile at 35 weeks had elevated levels of TNFa at booking 

and 35 weeks compared to those with a PI in the normal range (Table 5.3). 

Presence of early diastolic notching in the uterine artery at 23 weeks 

gestation was not associated with any difference in cytokine levels 

compared to those without notches. Abnormal uterine artery Doppler 

patterns are interpreted to indicate increased distal resistance secondary 

to failed placental bed vascular remodelling. It is interesting that 50% of 

women with raised Doppler indices go on to normal pregnancy outcome 

(Papageoghiou et al, 2004). Yet, even in women with abnormal Doppler 

findings and normal outcomes, there are measurable differences from 

women with normal uterine artery velocimetry. Women with abnormal
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Doppler velocimetry have an excess of low plasma ascorbate 

concentrations (Chappell et al, 2002), and increased frequency of an 

activating autoantibody for the angiotensin 1 receptor (Walther et al, 2005) 

that are present more frequently in women with preeclampsia. These are 

present regardless of outcome. Thus, not only does reduced placental 

perfusion not always result in preeclampsia, these data along with that 

presented in this thesis, suggest that perfusion may be reduced and still be 

associated with normal pregnancy outcome. An interesting and important 

question is what determines the impact of reduced perfusion in a specific 

pregnancy? The presence of inherited thrombophilia alone does not 

appear to be the answer.

Areas of placental infarction appear on ultrasound as round, centrally 

anechoic areas (Abramowicz and Sheiner, 2008). They are also called 

echogenic cystic lesions. Their presence, in conjunction with abnormal 

uterine artery Doppler and abnormal placental shape have been conferred 

a positive predictive value of 52% for perinatal death (Viero et al, 2004). 

They differ in appearance from placental lakes, which have been 

associated with minimal clinical significance. Placental lakes are described 

as homogenous, sonolucent, avillous vascular spaces with swirling jets of 

low flow turbulence in the spaces on colour flow Doppler ultrasound 

examination. (Thompson et al, 2002).

We found that women with placental infarcts seen at their 23 week scan 

were more likely to have raised levels of TNFa at all three time points. 

Women who had infarcts seen at both 23 weeks and 35 weeks had

significantly elevated levels of VEGF at booking and significantly elevated
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levels of all 3 measured cytokines at 35 weeks. The presence of placental 

lakes did not seem to have a significant an impact on cytokines, with raised 

levels of IL-6 at 35 weeks being the only cytokine to show an association. 

The presence of an enhanced inflammatory response seen in women with 

ultrasound evidence of placental infarction suggests that while placental 

infarcts may be of minimal clinical significance in the absence of other 

abnormal ultrasound placental findings, their presence should not be 

regarded as completely benign.

Women who experienced a second trimester loss had higher levels of 

TNFa, IL-6 and VEFG at booking compared to those with pregnancies that 

continued past 23+6 weeks. Levels of TNFa and IL-6 remained 

significantly elevated postnatally in women with second trimester loss. 

Levels of VEGF also remained elevated although this did not reach 

significance. Other work has shown an association between raised levels 

of TNFa in early pregnancy and recurrent miscarriage (Christiansen et al, 

2006; Kruse et al, 2002). Whether the increased levels of inflammation 

seen in women with mid trimester loss is representative of the cause of the 

miscarriage or an effect of an underlying process is unclear. The 

persistence of the inflammatory effect post partum is interesting. Agatsia et 

al (2004) have demonstrated that women with a history of pre-eclampsia 

exhibit impaired endothelial function up to one year postpartum. This 

alteration in endothelial function does not appear to be long lived, as 

Vickers et al (2003) showed by measuring inflammatory markers more 

than 20 years after the index episode. However, women who develop pre-
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eclampsia have approximately a doubling of risk of death from 

cardiovascular disease (Irgens et al, 2001).

Women who developed pre-eclampsia had significantly higher levels of 

TNF-a at booking compared to those who did not develop pre-eclampsia. 

This is most likely reflects the increased inflammatory response as a result 

of a poorly developed uteroplacental blood supply which is a known 

precursor to the development of pre-eclampsia. This difference 

disappeared by 35 weeks gestation and we found no differences in the 

levels of the other cytokines at 35 weeks. Bosio and others (2001) showed 

a significant difference in VEGF levels between pre-eclamptic women and 

women with normal pregnancy outcome at this gestation. However, their 

control group only consisted of 26 women and the wide variation of the 

normal inflammatory response, as we have demonstrated, may not have 

been captured with small numbers. Three women in the pre-eclamptic 

group did not have blood taken at 35 weeks. This may have influenced 

results but due to the small numbers involved and the similarity between 

the normal and pre-eclamptic levels, it is unlikely.

It has only recently been appreciated that what has been considered the 

pathology of pre-eclampsia evolves from processes that are an intrinsic 

part of normal pregnancy, although in a less intense form. Redman and 

others (1999) have proposed that pre-eclampsia develops when the 

systemic inflammatory process, which is common to all pregnant women, 

causes one or other maternal system to decompensate. Thus, the 

syndrome is not a separate condition but the extreme end of a continuum

of maternal systemic inflammatory responses caused by pregnancy itself.
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This explains why it is impossible to distinguish pre-eclampsia clearly from 

normal pregnancy in terms of diagnostic test results or a pathological 

lesion and may explain why, when looking at a large population of women 

with low risk for pre-eclampsia, the lines between normal and abnormal are 

not clearly defined. This study confirms the expected increase in systemic 

inflammatory response, which occurs as pregnancy advances.

Although there was a trend towards higher levels of TNFa and VEGF at 

booking in women who delivered between 24 and 36+6 weeks, this was 

not significant. There was no difference in levels of IL-6 at booking. Of the 

51 women who delivered preterm, 36 of them delivered prior to giving a 

second blood sample at 35 weeks. A solid body of evidence indicates that 

pro-inflammatory cytokines play a central role in the mechanisms of intra

uterine inflammation and infection induced pre-term labour (Romero et al, 

2007). This is usually an acute process. Therefore, the similarity of 

inflammatory response between women who had pre-term labour and 

those that had term deliveries is, perhaps, not surprising.

Women with TNF-a and IL-6 values greater than the 90th centile at 35 

weeks subsequently went on to lose significantly less blood (p<0.01) at 

delivery (mean 228 95% Cl 202-254 mis; 230 95% Cl 200-264mls) than 

those with values in the normal range (mean 290 95% Cl 274-306 mis) at 

this time point. While TNF-a and lL-6 values >90th centile at booking 

showed a trend towards less blood loss this was not significant. 

Inflammation is known to initiate clotting, decrease the activity of natural 

anticoagulant mechanisms and impair the fibrinolytic system (Esmon,

2005). Inflammatory cytokines are the major mediators involved in
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coagulation activation. It is possible that women with a more active 

inflammatory process may be at a haemostatic advantage at the time of 

delivery, as a result of the known anticoagulant action of the inflammatory 

cytokines, TNFa and IL-6. Inflammatory markers are known to be elevated 

after postpartum haemorrhage (Hebisch et al, 2004) but this is likely to be 

secondary to tissue injury and the aftermath of labour and delivery. 

Intrauterine growth restriction (lUGR) and pre-eclampsia are pregnancy- 

specific disorders that have in common abnormal placental implantation, 

yet the maternal manifestations of these two diseases are profoundly 

different (Kaufmann et al, 2003). lUGR, which always involves impairment 

of fetal growth, has no appreciable clinical impact on the mother when 

occurring in isolation but can also occur in concert with pre-eclampsia. 

Ness and Sibai (2006) suggest that both lUGR and pre-eclampsia are 

associated with an underlying maternal predisposition to endothelial 

dysfunction. Although much progress in understanding in this area has 

occurred over recent years, much, including the regulators of and effects of 

the elevated cytokine levels observed in lUGR are yet to be elucidated. 

Infants born to mothers who had TNF-a and IL-6 values >90th centile at 35 

weeks had significantly lighter babies than those who had cytokine values 

within the normal range (p=0.01; p<0.01). This remained significant when 

gestation, age and presence of pre-eclampsia were controlled for, thus 

suggesting that an underlying inflammatory process may have an effect on 

fetal growth. Infants less than the 3rd and the 10th centile at birth were 

also more likely to have higher levels of IL-6 at 35 weeks.
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Women who had placentae that weighed less than the 5th centile had 

higher levels of VEGF at 35 weeks and of all cytokines postnatally. 

Abnormally thick placentas have been correlated with adverse pregnancy 

outcomes (Raio et al, 2004). This association may be due to abnormally 

large placental oxygen demands limiting the oxygen available to the fetus 

and abnormal intervillous stasis through an abnormally complex intervillous 

space. However, we did not find any differences in cytokine levels 

between placentae greater than the 90th or 95th centiles and those 

weighing within the normal range.

Significantly lower levels of TNF-a were seen at 35 weeks in women who 

had histological evidence of retromembranous haemorrhage. This was the 

only association that we found between vascular placental features and 

levels of cytokines. There was no apparent association between 

histological infarction and cytokines at any time point.

Women who carried the AG FVL mutation had significantly increased 

mean actual levels of VEGF at booking (p=0.008), 35 weeks (p=0.03) and 

postnatally (p=0.007). They also had higher levels of TNF-a at booking 

(p=0.016). Women with factor V Leiden are less sensitive to the natural 

anticoagulant protein C-protein S system, which leads to ARC resistance. 

Many studies have reported opposing findings on levels of VEGF seen in 

normal pregnancies, with some (Bosio et al, 2001; Trollmann et al, 2003) 

reporting increased levels and others reporting lower levels than seen in 

the non-pregnant state (Hefler et al, 2000; Lyall et al, 1997). Down- 

regulation of anticoagulant pathways not only promotes thrombosis but

also amplifies the inflammatory process (Esmon, 2005), so perhaps the
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presence of underlying undiagnosed thrombophilias such as FVL 

contribute to the varying levels of VEGF reported in the studies referenced 

above. Presence of the MTHFR C677T, prothrombin G20210A and PAI-1 

polymorphism did not appear to have a similar impact on cytokine levels. 

Interestingly, there was no apparent effect of the TNF-a 308 polymorphism 

on cytokine levels, particularly that of TNF-a, in pregnancy or postpartum. 

The A allele has been associated with an increased producer phenotype 

(Jeong et al, 2004). Other work has not found so clear an association 

(Mycko et al, 1998). In the original, descriptive and much referenced paper 

by Wilson and others (1997), they concluded that the polymorphism had 

direct effects on TNF-a gene regulation and may be responsible for the 

association with high TNF-a phenotype and more severe disease in certain 

infections, leaving open the possibility that there may be factors working in 

conjunction with the presence of the polymorphism which could lead to 

higher levels. The meta-analysis by Menon and others (2005) did not find a 

significant increase in TNF-a levels in women with the GG genotype, which 

would be in keeping with our findings.
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C h a p t e r  s ix

P r o t e in  c , p r o t e in  s , Fa c t o r  V III, 
a n t it h r o m b in , f ib r in o g e n  a n d  o u t c o m e

AND COAGULATION POLYMORPHISMS
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6.1.0 PROTEIN C, PROTEIN S, FACTOR VIII, ANTITHROMBIN AND 

FIBRINOGEN

6.1.1 Case-control selection

To characterize the association between protein C (PC), protein S (PS), 

antithrombin (AT), factor VIII (FVIII:C), fibrinogen levels (collectively 

referred to henceforth as functional coagulation assays (FCAs)) with 

adverse pregnancy outcome, placental pathology and coagulation 

polymorphisms, we conducted a case-control study using a sub-group (170 

women) of our main study population. Case patients were selected on the 

basis of developing either a second trimester loss (6), pre-eclampsia (20), 

placental abruption (4), giving birth to an infant weighing less than the 3'̂ '̂  

centile (37) or an infant with cord pH < 7.1 (7). To characterize the 

association with placental histology we selected women who were 

revealed to have placental infarction (49), villous dysmaturity (70) and 

chronic uteroplacental insufficiency (39). We also wished to characterize 

the association between levels of the FCAs and the coagulation 

polymorphisms, factor V Leiden (39) and prothrombin G20210A (10). We 

carefully selected our cases to ensure appropriate age and smoking 

matched controls were chosen.

The women who were selected as cases, were matched with a control 

population of women taken from the study population. The women in the 

control cohort all had term deliveries of normally grown infants. They did 

not develop any maternal or neonatal complications of pregnancy. They 

had histologically unremarkable placentae. They were age and smoking

matched for women who developed adverse outcomes. They carried the
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GG genotype for both FVL and the PT mutation. Exact matching proved 

difficult and we were only able to identify 122 women who matched cases 

exactly for all our parameters.

Venous puncture peripheral blood samples anticoagulated with sodium 

citrate, were collected from all study (1011) participants at booking and at 

two further time points on the participants that returned {cf. Chapter 3). 

They were processed and stored as described in the Methods chapter until 

case selection occurred.

Our control population had levels of Protein C, Protein S, Antithrombin, 

Factor VIII and fibrinogen levels measured on the stored plasma which 

was taken at 35 weeks unless they were matched with a woman who had 

delivered before 35 weeks. In this instance, the plasma from the booking 

visit was tested and compared to controls taken at booking also.

6.1.2 Protein C, protein S, antithrombin, factor VIII and fibrinogen 

levels in control population

Table 6.1 describes the mean values (SD) and 5**̂  and 95'^ centiles of our 

control population at both time points. There was a significant (p<0.005) 

increase in levels of fibrinogen from booking to 35 weeks. Levels of 

antithrombin were lower at booking (p=0.007) than at 35 weeks therefore 

the results are presented according to gestation. The reference ranges for 

non-pregnant adults is also given (Andrew, 1990) in Table 6.1. These are 

the reference ranges used by the laboratory in Our Lady’s Hospital for Sick 

Children, Crumlin, where the assays were performed.
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Table 6.1 Protein C, Protein S, FVIII, Antithrombin, fibrinogen 
values in our control population and non-pregnant reference ranges 
(iU/ml)

Mean (SD) 

booking

Mean (SD) 

35 weeks

S*'’ -95* 

centile 35 

weeks

Non-preg 

ref ranges

Protein C 109.2 ( 14.1) 111.6 (28 .8) 76-170 70-130

Protein S 49.5 (12.8 ) 39.4 ( 12.6 ) 21-61 70-165

FVIIhC 93.8 (16.7 ) 97.7 ( 15.3) 74-125 50-150

Antithrombin 124.8 (70 .1) 185.1 (88 .0) 42-325 70-120

Fibrinogen 3.25 (0 .66) 4.36 (0 .98) 2 .67-5.94
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6.2.0 ULTRASOUND OUTCOME

6.2.1 Uterine artery notch at 23 weeks

Women with notching in their uterine arteries at 23 weeks did not show any 

significant differences in their FCA levels at booking compared to women 

with no notches. By 35 weeks, there was a significant increase in FVIIhC 

(p<0.001) and a significant decrease in antithrombin (p<0.001) in women 

who had notching at 23 weeks (Table 6.2) compared to those without.

6.2.2 PI >95‘” centile

Women with PI >95*  ̂ centile at 23 weeks had significantly decreased 

(p<0.001) levels of antithrombin at 35 weeks gestation compared to 

controls. While mean FVIII:C levels appeared high, the 95% confidence 

intervals were very wide (89.3, 253.7). Levels at booking were not 

significantly different between both groups (Table 6.3).

6.2.3 Placental infarcts at 35 weeks

There were no differences seen in FCA levels at booking or at 35 weeks in 

women with or without placental infarcts at the 35 week ultrasound scan.
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Table 6.2 Mean values for FCAs In women with uterine artery 

notching at 23 weeks gestation and control population (lU/ml)

Case

n=12

95% Cl Control

n=116

95% Cl P*

Protein C 104.6 90 . 1- 119.1 111.7 106 .0- 117.2 0.39

Protein S 41.8 35 .0-48.6 39.4 37 .0-41.8 0.52

FVIIhC 177.3 125.8- 228.8 97.9 96 .9- 100.9 <0.001

Antithrombin 98.6 87 .8- 109.4 183.5 167. 1- 199.9 <0.001

Fibrinogen 4.15 3 .60-4.70 4.41 4 .23-4.59 0.38

Table 6.3 Mean values for FCAs in women with mean uterine artery 

Doppler Pl>95‘  ̂centile at 23 weeks gestation and control population 

(lU/ml)

Case

n=22

95% Cl Control

n=116

95% Cl P*

Protein C 113.9 94 .0- 134.8 111.7 94 .5- 118.9 0.84

Protein S 45.7 35 .5- 55.9 37.8 35 . 1-40.5 0.21

FVIIhC 171.5 89 .3- 253.7 99.2 94 .4 - 102.9 0.14

Antithrombin 92.9 82 .4- 103.4 182.7 161 .3- 204.1 <0.001

Fibrinogen 3.92 3 .29- 4.55 4.41 4 . 17-4.65 0.19

*= Chi-square
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MATERNAL OUTCOME

6.3.1 Second trimester loss

Women who had a second trimester loss had similar levels of all FCA 

values (Table 6.4). All of these bloods were taken at booking.

6.3.2 Placental abruption

Women who had clinical evidence of a placental abruption had similar 

levels of all FCAs to the control population (Table 6.5). As all abruptions 

but one occurred at less than 35 weeks, the results presented are based 

on the levels at booking.

6.3.3 Pre-eclampsia

Fibrinogen levels were higher (Table 6.6) at booking in women who went 

on to develop pre-eclampsia and were delivered prior to 35 weeks 

compared to the controls (p=0.03). They were similar to levels usually seen 

later in pregnancy. Antithrombin and FVIIhC levels were lower than 

controls but this was not significant.

Levels of FVIIhC were significantly higher at 35 weeks (<0.001) in women 

who developed pre-eclampsia compared to the control population (Table 

6.7). Antithrombin levels were significantly lower (<0.001) in women who 

developed pre-eclampsia. There were no significant differences in levels of 

PC or PS or in levels of fibrinogen in the women who developed pre

eclampsia and the control population.
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Table 6.4 Mean values for FCAs in women with 2"̂  trimester loss 

and control population (lU/ml)

Case

n=6

95% Cl Control

n=6

95% Cl P*

Protein C 123.6 82 .6- 164.6 109.2 97 .9- 120.5 0.49

Protein S 43.4 36 .8- 50.0 49.5 39 .4- 59.8 0.37

FVIIhC 112.6 50 .2- 175.0 93.8 80 .4 - 107.2 0.55

Antithrombin 92.8 75 .7- 109.9 124.8 68 .8- 180.8 0.35

Fibrinogen 3.78 2 .91-4.65 3.25 2 .72- 3.78 0.31

Table 6.5 Mean values for FCAs in women with abruption and 

control population (lU/ml)

Case

n=4

95% Cl Control

n=6

95% Cl P*

Protein C 122.7 84 .5- 160.9 109.2 97 .9- 120.5 0.40

Protein S 52.0 41 .5- 63.5 49.5 39 .4- 59.8 0.77

FVIIhC 103.3 65 .4 - 141.2 93.8 80 .4 - 107.2 0.57

Antithrombin 93.7 89 .7- 98.4 124.8 68 .8- 180.8 0.48

Fibrinogen 3.88 1.90- 5.86 3.25 2 .72- 3.78 0.44

Table 6.6 Mean values for FCAs at booking in women with pre

eclampsia and control population (lU/ml)

Case

n=20

95% Cl Control

n=6

95% Cl P*

Protein C 150.2 100.4 - 200.0 109.2 97 .9- 120.5 0.08

Protein S 51.5 36 .2- 67.2 49.5 39 .4 - 59.8 0.83

FVIIhC 73.7 41 .8- 105.6 93.8 80 .4 - 107.2 0.25

Antithrombin 97.2 93 .5- 100.9 124.8 68 .8- 180.8 0.46

Fibrinogen 4.51 3 .66- 5.36 3.25 2 .72- 3.78 0.03

*=Chi-square
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Table 6.7 Mean values for FCAs at 35 weeks in women with pre 

eclampsia and control population (lU/ml)

Case

n=20

95% Cl Control

n=116

95% Cl P*

Protein C 110.5 89 .7- 131.3 111.6 106.5- 116.7 0.88

Protein S 34.9 28 .4 - 41.4 39.4 37 .2-41.6 0.23

FVIIhC 206.2 158 .5- 253.9 97.7 95 .0- 100.4 <0.001

Antithrombin 95.2 87 . 1- 103.3 185.1 169.5- 200.7 <0.001

Fibrinogen 4.42 3 .76- 5.08 4.36 4 . 19-4.53 0.90

Table 6.8 Mean values for FCAs at booking in women with

premature delivery <37 weeks and control population (lU/ml)

Case

n=19

95% Cl Control

n=6

95% Cl P*

Protein C 139.0 125 .3- 152.7 109.2 97 .9- 120.5 0.004

Protein S 59.5 53 .3- 65.7 49.5 39 .4 - 59.8 0.13

FVIIhC 74.5 55 .3- 93.7 93.8 80 .4 - 107.2 0.12

Antithrombin 97.2 91 .8- 102.6 124.8 68 .8- 180.8 0.10

Fibrinogen 3.48 3 .05- 3.93 3.25 2 .72- 3.78 0.59

*= Chi-square
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6.3.4 Premature delivery <37 weeks

Women who delivered infants at less than 37 weeks gestation had 

significantly (p=0.004) higher levels of PC at booking compared to controls. 

There were no other significant differences in FCAs at booking for these 

women. (Table 6.8)

6.4.0 PERINATAL OUTCOME

6.4.1 Infant birth weight <3*̂  ̂centile at term

Women who had infants weighing <3'̂ '* centile at term had significantly 

lower levels of AT (p<0.001) and significantly higher levels of FVIIhC 

(p<0.001) compared to controls (Table 6.9). The difference in the levels of 

fibrinogen in these women was not significant (p=0.06).

6.4.2 CordpH<7.1

Levels of PC (p=0.02) and AT (p<0.001) were significantly lower in women 

who had cord pHs of <7.1 compared to controls. They also had 

significantly higher levels of FVIII:C (p<0.001) (Table 6.10).
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Table 6.9 Mean values for FCAs in women who delivered infants 

centile at term and control population (lU/ml)

Case

n=37

95% Cl Control

n=116

95% Cl P*

Protein C 114.8 107.4 - 121.4 111.6 106.5- 116.7 0.53

Protein S 42.1 37 .2-47.0 39.4 37 .2-41.6 0.21

FVIIhC 138.7 111.5- 165.9 97.7 95 .0- 100.4 <0.001

Antithrombin 104.9 94 .3- 115.5 185.1 169 .5- 200.7 <0.001

Fibrinogen 4.06 3 .70-4.42 4.36 4 . 19-4.53 0.06

Table 6.10 Mean values for FCAs in women who had a cord pH of < 

7.1 and control population (lU/ml)

Case

n=7

95% Cl Control

n=116

95% Cl P*

Protein C 90.0 75 .8- 104.2 111.6 106 .5- 116.7 0.02

Protein S 37.3 31 .4 -43.2 39.4 37 .2-41.6 0.64

FVIII 239.6 197.9- 281.4 97.7 95 .0- 100.4 <0.001

Antithrombin 92.5 85 .2- 99.8 185.1 169 .5- 200.7 <0.001

Fibrinogen 4.62 3 .97- 5.27 4.36 4 . 19-4.53 0.59
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6.5.0 PLACENTAL OUTCOME

6.5.1 Chronic uteroplacental insufficiency

Women who had CUPI on placental histology had lower levels of AT 

(p=0.02) and fibrinogen (p=0.03) at 35 weeks than the control population 

(Table 6.11).

6.5.2 Placental infarction

Women with placental infarction (FVL and PT GG) had significantly higher 

levels of FVIIhC (p<0.001) at 35 weeks than the control population. They 

did not have lower levels of AT (p=0.055) or fibrinogen (p=0.07) than the 

control population (Table 6.12).

6.5.3 Villous dysmaturity

Women who had evidence of any grade (from I to III) of villous dysmaturity 

(FVL and PT GG) had significantly higher levels of FVIIhC (p<0.001) than 

women in the control population (Table 6.13).
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Table 6.11 Mean values for FCAs at 35 weeks in women with CUPI 

and control population (lU/ml)

Case

n=39

95% Cl Control

n=112

95% Cl P*

Protein C 119.4 107.3- 131.5 111.6 106 .5- 116.7 0.25

Protein S 41.5 37 . 1-46.9 39.4 37 .2- 41.6 0.39

FVIIhC 110.0 76 .0- 144.0 97.7 95 .0- 100.4 0.15

Antithrombin 141.0 110.3- 171.7 185.1 169 .5- 200.7 0.02

Fibrinogen 3.92 3 .34-4.50 4.36 4 . 19-4.53 0.03

Table 6.12 Mean values for FCAs at 35 weeks in women with 

placental infarction and control population (lU/ml)

Case

n=49

95% Cl Control

n=102

95% Cl P*

Protein C 104.6 95 .2- 115.0 112.1 106.2- 118.0 0.21

Protein S 38.1 34 . 1-42.1 38.7 36 .5-41.0 0.81

FVIII 156.6 124.6- 188.6 98.0 94 .7- 101.2 <0.001

Antithrombin 152.5 123.3- 181.7 186.7 169.3-  204.1 0.055

Fibrinogen 4.75 4 .46 - 5.04 4.41 4 .23 -4.60 0.07

*= t-te s t
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Table 6.13 Mean values for FCAs at 35 weeks in women with any 

grade of villous dysmaturity and control population (lU/ml)

Case

n=71

95% Cl Control

n=67

95% Cl P*

Protein C 105.2 99 .0- 111.4 111.7 94 .5- 118.9 0.19

Protein S 38.0 35 .3-40.7 37.8 35 . 1-40.5 0.90

FVIII 150.2 131 .0- 169.0 99.2 94 .4 - 102.9 <0.001

Antithrombin 165.6 140.3- 190.9 182.7 161 .3- 204.1 0.29

Fibrinogen 4.68 4 .46-4.90 4.41 4 . 17-4.65 0.12

*=t-test
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6.6.0 COAGULATION POLYMORPHISMS AND PROTEIN C, PROTEIN 

8, FACTOR VIII, ANTITHROMBIN AND FIBRINOGEN

6.6.1 Factor V Leiden

Women who were carrying the FVL genotype were more likely to have 

higher levels of FVIII:C (p<0.001) and lower levels of AT(p<0.001) at 35 

weeks than control women who were carrying the GG genotype (Table 

6.14). This difference was not apparent at booking.

6.6.2 Prothrombin (Factor II G20210A)

Women who were carrying the prothrombin mutation (AG) were more likely 

to have higher levels of FVIIhC (p<0.001) and lower levels of AT (p<0.001) 

at 35 weeks than control women who were carrying the GG genotype 

(Table 6.15). This difference was not apparent at booking.
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Table 6.14 Mean values for FCAs at 35 weeks in women with FVL 

AG and control population (FVL GG) (lU/ml)

Case

n=39

95% Cl Control

n=116

95% Cl P*

Protein C 114.8 104.2- 125.4 111.6 106.5- 116.7 0.58

Protein S 34.7 30 .8- 38.6 39.4 37.2-41.6 0.07

FVill 156.9 128.9- 174.9 97.7 95 .0- 100.4 <0.001

Antithrombin 99.3 94 .4- 104.2 185.1 169.5- 200.7 <0.001

Fibrinogen 4.02 3 .69-4.35 4.36 4 . 19-4.53 0.03

Table 6.15 Mean values for FCAs at 35 weeks in women with PT AG 

and control population (PT GG) (lU/ml)

Case

n=11

95% Cl Control

n=116

95% Cl P*

Protein C 101.9 85 .2- 118.6 111.6 106.5- 116.7 0.31

Protein S 35.0 29 .6-40.4 39.4 37 .2-41.6 0.21

FVIII 155.3 105.7- 204.9 97.7 95 .0- 100.4 <0.001

Antithrombin 97.9 90 .3- 105.5 185.1 169.5- 200.7 <0.001

Fibrinogen 3.77 3 .07-4.47 4.36 4 . 19-4.53 0.04

*=t-test
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6.7.0 SUMMARY AND DISCUSSION

Our control population exhibited most of the expected haemostatic 

changes of pregnancy. Levels of FVIII;C in our population remained steady 

from booking (mean gestation 13.9 weeks) to 35 weeks. Factor VIII:C has 

been shown to increase during pregnancy and the most dramatic increase 

takes place between 6 and 17 weeks (Clark et al, 1998). The mean 

gestation at analysis in our population was 13.9 weeks, which probably 

accounts for the absence of a significant rise in our population from this 

point to 35 weeks. The 5th centile of FVIII:C for our control range was 74 

iU/ml and the non-pregnant control lower limit was 50 iU/ml, which 

demonstrates a significant rise from the non-pregnant state. Allowing for 

plasma volume increases, total circulating fibrinogen has been shown to be 

twice the non-pregnant amount (Stirling et al, 1984). Animal studies 

suggest that this rise is due to increased synthesis, as hormonal changes 

alone would not appear to be sufficient to account for the full increase in 

fibrinogen (O’Riordan and Higgins, 2003). We demonstrated a significant 

(p<0.005) increase in levels of fibrinogen from booking (3.25 iU/ml) to 35 

weeks gestation (4.36 iU/ml). Protein C levels remain within the reference 

range for non-pregnant women and do not appear to change in pregnancy 

(Kjellberg et al, 1999). Our results would support this, although our 95th 

centile was higher (170 iU/ml) than that of the non-pregnant control 

reference range (130 iU/ml). Concentration of free PS drops in the first 

trimester as early as 6 weeks gestation (Clark et al, 1998). Again, the 

majority of the decrease occurs before 17 weeks gestation. Our reference
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ranges (21-61 iU/ml at 35 weeks gestation) were markedly lower than the 

standard non-pregnant controls (70-165 iU/ml).

The demonstration of the expected pregnancy related hemostatic changes 

in our population validates them as use for a control group. Although our 

control group gives us a representative sample of normal pregnancy 

values, exact matching with the cases proved difficult. While we identified 

122 women who matched cases exactly for all our parameters, ideally we 

would have liked to identify more which would have strengthened the value 

of our findings.

Antithrombin levels are reportedly unchanged during pregnancy (Weiner 

and Brandt, 1980). This report dates from almost 30 years ago and was 

based on an uncomplicated pregnant population comprising of 73 

individuals. Clark and others (1998) showed a small but non-significant rise 

in AT. Others have shown factors affecting AT levels in pregnancy (Lowe 

et al, 1999). Increasing AT levels are associated with increasing activated 

protein C resistance (APCR). Thrombin-antithrombin complex levels have 

been shown to increase significantly from 28 weeks gestation onwards 

compared to 18-24 weeks gestation (Higgins et al, 1998). We also found a 

significant increase in AT levels throughout pregnancy in our control 

population, with levels increasing from 124 iU/ml (SD 70.1) at 13.9 weeks 

to 185 iU/ml (SD 88.0) at 35.5 weeks gestation. Thus, there is increasing 

evidence to suggest that this increase in AT may be a haemostatic change 

in normal pregnancy with a varying increase depending on factors such as 

APCR.

236



Fibrinogen was found to be significantly elevated (4.51 iU/ml) above 

controls (3.25 iU/ml) at booking in women who went on to develop pre

eclampsia. At 35 weeks gestation, while it had significantly increased with 

time, it was within the same range in women with pre-eclampsia as the 

pregnant control population. Fibrinogen is known to be an acute phase 

reactant and is affected by smoking status and age (Vickers et al, 2003), 

both of which were controlled for when choosing the control cohort. 

Fibrinogen was not significantly elevated in association with any other 

feature, although it was found to be decreased compared to controls at 35 

weeks in women who had evidence of CUPI in their placentae.

Women with uterine artery notches at 23 weeks and with pulsatility index 

(PI) of the uterine artery >95th centile at 23 weeks went on to develop 

significantly lower levels of AT and significantly higher levels of FVIII:C 

than controls at 35 weeks gestation. These findings were replicated at 35 

weeks in women who developed pre-eclampsia, who gave birth to infants 

<3rd centile and infants with cord pHs of <7.1. Women who had evidence 

of CUPI showed significantly elevated levels of FVIIhC and significantly 

decreased levels of AT. Decreased levels of AT were also seen in women 

with placental infarction. Women with villous dysmaturity had significantly 

elevated levels of FVIII:C. These findings have not previously been 

reported. All of the significant changes in AT levels are at the lower end of 

the physiological normal reference range. Our control population showed 

an increase in levels of AT throughout pregnancy which did not appear to 

be replicated in the case population.
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It is recognized that FVIIhC is elevated in the acute phase response (Lowe 

et al ,1999) and AT is consumed and/or inactivated in acute inflammatory 

situations, such as sepsis (O’Donnell et al, 2000). Raised Doppler indices, 

pre-eclampsia, lUGR and vascular changes in the placenta all represent 

situations that have been associated with impaired trophoblastic invasion. 

Although we have measured FVIILC and AT in peripheral maternal serum, 

rather than the uteroplacental circulation directly, it Is possible that the 

decrease in antithrombin and increase in FVIIMC we demonstrated are a 

reflection of underlying impaired trophoblastic invasion and resulting 

reduced uteroplacental perfusion.
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7.1.0 SUMMARY AND THE FUTURE

Decreased blood flow in the materno-fetal circulation secondary to 

remodeling of uterine spiral arteries and failure of normal trophoblastic 

invasion are thought to be leading factors in the cause of pre-eclampsia, 

lUGR, abruption and stillbirth. Since factor V Leiden was first described by 

Bertina in 1994, a large number of studies have suggested that acquired or 

inherited thrombophilia may contribute to the deranged blood supply in the 

uteroplacental circulation by promoting thrombosis in the vasculature. This 

has lead to promiscuous testing of many patients with an adverse 

pregnancy outcome and in some cases treatment with heparin, aspirin or 

both.

There were no identifiable patterns of blood flow resistance in the 

uteroplacental circulation as measured by Doppler or any placental 

histological changes that we could associate with FVL, PT G20210A, 

MTHFR and PAI-1 polymorphism. These women did not have an 

increased incidence of pre-eclampsia, abruption or mid-trimester loss. Of 

note, carriers of the AA mutation of TNFa -308 had a significant increase in 

the incidence of clinical and histological abruption. Further investigation of 

this finding would be worthwhile. We found that women with FVL had 

reduced blood loss at delivery, which perhaps may represent a protective 

effect of FVL. A limitation of this finding is that it is well recognized that 

estimation of blood loss at delivery is inaccurate (Razvi et al, 1996) and

that the difference, while statistically significant may not be clinically
240



significant, it could be that as FVL has such a high population frequency, it 

may act as an evolutionary selection mechanism conferring such survival 

advantages as reduction in the risk of intrapartum bleeding.

Positive postnatal screening for thrombophilia creates a real clinical 

dilemma in subsequent pregnancies and beyond. Currently, there is no 

evidence to support thromboprophylaxis for women with abnormal 

thrombophilia screening results and no history of thromboembolism. Large 

clinical trials are required to prove the effectiveness of aspirin, heparin, or 

both in reducing perinatal complications and to address the issue of safety 

for such women. In the absence of such trials, knowledge of positive 

thrombophilia status is likely to increase anxiety in carriers and offers no 

health benefit in pregnancy.

The main limitation of this study is the lack of power to detect a difference 

in certain outcomes. In the preparation for this study, we based our sample 

size calculations on an average expected frequency of all thrombohilias 

and all complications. Therefore while it was adequately powered to detect 

some differences, we were aware that we could miss significant 

differences in some outcomes. A pilot study carried out at the beginning of 

our work suggested that the time taken to recruit the sample size that 

would be required to detect all differences would be prohibitive. Given that 

the study was powered to detect a proportion of the differences, we felt 

that we would be able to make other inferences based on our findings. A 

major strength of the present study is that potential confounding factors 

such as parity, ethnicity, history of medical problems and previous adverse

pregnancy outcome are overcome by the homogeneity of this study cohort
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and the participation of only primigravid women with no history of 

miscarraige. The present results may not be applicable to all populations 

and ethnic groups, but more homogeneous populations such as the 

relatively genetically isolated Irish population have been proposed as 

possible alternatives to large sample sizes, because environmental 

variation might be lower and the genetic make-up of such populations is 

expected to be less complex.

Our work shows the expected increase in the systemic inflammatory 

response, which occurs as pregnancy advances. However this response is 

wide ranging and it is not possible to identify women who will develop pre

eclampsia, lUGR or other outcomes purely on the basis of inflammatory 

markers alone. Increased inflammation is associated with findings 

suggestive of reduced uteroplacental perfusion, such as uterine artery PI 

>95*  ̂ centile, uterine artery notching, placental infarcts on ultrasound. It is 

interesting to note that perfusion may be reduced, markers of inflammation 

may be high and these women may still have a normal pregnancy 

outcome. The presence of inherited thrombophilia does not appear to 

explain these changes. It is possible that women with a more active 

inflammatory process may be at a haemostatic advantage at the time of 

delivery, as a result of the known anticoagulant action of the inflammatory 

cytokines, TNFcx and IL-6. Further investigation of this finding would be 

worthwhile.

Since increased inflammation increases coagulation that, in turn, can 

enhance inflammation, the failure of natural anticoagulant mechanisms to
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control the clotting process would naturally increase the inflammatory 

process. We found that women with evidence of decreased placental 

perfusion as evidenced by raised Doppler indices, lUGR, placental 

infarction and villous dysmaturity showed more striking changes in levels of 

FVIII and antithrombin than the control population. An interesting and 

important question is what determines the impact of reduced perfusion in a 

specific pregnancy? Also where do the physiological abnormalities diverge 

to result in different outcomes? Perhaps further research into these low risk 

women with normal outcomes but abnormal placental histology and 

ultrasound findings suggestive of reduced placental perfusion along with 

raised markers of inflammation could help us to determine the trigger that 

causes others with similar findings to decompensate and develop 

complications.
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A.1.1.0 INFORMATION LEAFLET

A STUDY OF BLOOD CLOTTING TENDENCIES IN FIRST TIME 
HEALTHY MOTHERS

We are conducting a study in the Rotunda Hospital to determine the 
incidence of certain clotting tendencies in 1,000 healthy first time mothers 
and to investigate the effect they have on pregnancy, mothers and babies. 
We would like you to help us to do this by participating in this study.

What are clotting tendencies?
Up to 10% of a normal healthy population may have blood-clotting 
tendencies. This tendency may be inherited from your parents or acquired 
over your lifetime. It has been shown in men and non-pregnant women 
that the presence of these tendencies can increase the risk of blood clots 
in the leg and in the lung. However, most people with the tendencies will 
never have a clot. Their effect in pregnancy is less certain. Some women 
in pregnancy can develop pre-eclampsia (high blood pressure and protein 
in the urine) or problems with poor growth of the baby. In this setting some 
studies have shown a link with these clotting tendencies whilst other 
studies have not confirmed this. There is no information in the medical 
literature on the incidence of these clotting tendencies in healthy, first time 
mothers and what effect, If any, these have on pregnancy.

If you consent to participate in this study, you will not add greatly to the 
number of investigations already carried out during your routine antenatal 
and postnatal care.

Participating in this Study will involve the following:

Booking (first) visit 
Routine ultrasound scan
Routine booking blood tests plus a few extra samples for clotting 
tendencies at the same time (no extra needle pricks!)
Answering a few extra questions about your general health.

Rest of antenatal care
As planned in whatever clinic you are attending (Public/Combined 
Care/Semi-Private/Private/Outlying clinics in Ballymun/Finglas/Coolock) 
Ultrasound scan in the Rotunda Hospital at 20-24 weeks of pregnancy to 
assess the baby's size and to determine how the placenta (afterbirth) is 
working.
Ultrasound scan in the Rotunda Hospital at 36 weeks of pregnancy to 
check the baby's growth and to determine again how the placenta is 
working. We would also like to take another sample of blood at this time

When the baby is born
We would like to take a sample of blood from the umbilical cord before the 
placenta is delivered (this is painless and will not cause you or your baby
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any harm). This blood will be stored and may be checked subsequently if 
complications have occurred such as high blood pressure or problems with 
baby's growth.
The afterbirth will be carefully examined in the Department of Pathology. 
Before discharge home we would like to check a few routine 
measurements on your baby e.g. weight, length, mid arm circumference

Postnatal period
6-8 week check in the Rotunda . A blood sample to check on the clotting 
tendencies after pregnancy.

When will I know if I have a clotting tendency?
All women who are found to have a clotting tendency will be invited back in 
the postnatal period to an evening seminar where information in relation to 
these clotting disorders can be given in full. The implications if any in 
relation to your future health will be fully discussed with you. As some of 
these clotting tendencies are inherited, the information will be relayed back 
to your General Practitioner if you so wish, so that if it is appropriate, family 
members may be screened for these clotting tendencies. Some of your 
blood sample will be stored, so that if we learn of any new disorders, then it 
may be possible to check for these.

When you have all your details taken at booking we will ask you to
participate in the study. If you agree, we will ask you to sign a consent
form. This study is t)y no means compulsory and refusing to 
participate will not affect your care in any way. However, the more 
women and babies we can study the more valid the findings will be. We 
hope the information we gain will help us to understand the effect these 
clotting tendencies may have on pregnancy and may also help us to plan 
the care for your future pregnancies and those of other pregnant women.

Thank you for taking the time to read this.

Dr. Michael Geary. Master
Dr. Jennifer Donnelly Research Registrar
Dr. Sharon Cooley Research Registrar
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A.2.1.0 CONSENT FORM

CONSENT FORM 
STUDY OF BLOOD CLOTTING TENDENCIES IN FIRST TIME HEALTHY

MOTHERS.

Investigators: 8. Cooley, J Donnelly, M. Geary, J. Gillan, C. McMahon.

To be completed by the patient Delete as necessary

1. Have you read the information sheet about this study?

Yes/No

2. Has a doctor spoken to you about this study and 
answered any questions you had?

Yes/No
3. Do you understand that you are free to withdraw for this study?

*at any time
‘ without giving a reason for withdrawing 
‘ without affecting your future medical care 
Yes/No

4. Do you understand what the study involves?

Yes/No

5. Do you agree to take part in the study?

Yes/No

6. Do you wish to be informed of the results of the study tests?
Yes/No

7. Do you consent for future analysis of your stored blood sample 
if we become aware of new conditions?

Yes/No

Signed__________________________________ Date_______

Name in block letters_____________________________________

Doctor _____________________
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A.3.1.0 ELISA REAGENTS

A.3.1.1 PBS (1L)
PBS tablets (Sigma Aldrich)= 5 tablets + ILdHaO 

A.3.1.2 Wash Buffer (1L)
1L PBS + 0.05% Tween 20 (500|il)(Sigma Aldrich) 
pH 1.2-1 A

A.3.1.3 Block Buffer (500ml)
1% bovine serum albumin (BSA)(5g)(Sigma Aldrich)
5% Sucrose (25g)
0.05% Sodium Azide (0.25g)(NaN3)
500ml PBS

A.3.1.4 Reagent Diluent (500ml) for TNF-a 
0.1% BSA (0.5g)
0.05% Tween 20 (250^1)
500ml TBS

A.3.1.5 Reagent Diluent (500ml) for IL-6, VEGF 
0.1%BSA (0.5g)
500ml PBS

A.3.1.6 TBS pH 1.2-1 A (500ml)
20mMTrizma Base (1.21g)(Sigma Aldrich)
150mM NaCI (4.38g)

1M Tris =121.1g in 1L 
1mM Tris =121.1 mg in 1L 
ImM Tris = 60.55mg in 500ml 
20mM = 1211 mg in 500ml 
20mM = 1.211g in 500ml

A.3.1.7 Streptavidin-HRP 
1/200 dilution of stock with a total of 10ml per plate (R&D Systems) 
IOml/200 = 50^1 HRP in 10ml RD

A.3.1.8 Substrate Solution
1:1 mixture H2O2 (Reagent A) and Tetramethylbenzidine (TMB)(Reagent 
B)(supplier)
1:2 mixture of Reagent A+B and dH20
3ml Reagent A + 3ml Reagent B + 6ml dH20 = 12ml TMB substrate per 
plate

1M NaCI = 58.44g in 1L 
1mM NaCI = 58.44mg in 1L 
ImM NaCI = 29.22mg in 500ml 
150 mM = 4383mg in 500ml 
150 mM = 4.38g in 500ml

249



A.3.1.9 Stop Solution 
2N H2SO4 (1N=2M) 
Concentrated H2SO4 = 18M =9N 
1/4.5 dilution =4M = 2N

1 0 0 ml 2 N H2SO4 =2 2 ml H2SO4 + 77.8ml dH 2O

A.4.1.0 R&D SYSTEMS DUOSET IMMUNOASSAY KITS 

A.4.1.1 Capture Antibody (cAb)

A.4.1.1.i TNF-a

Need 10ml of cAb at a concentration of 4|.il/ml = 40|.il/10ml

1/18 dilution
Stock = 720nl/ml in lOOOul PBS ------------► 40^1/10ml

1000^1/18 = 55.6mI

one ELISA plate was coated with 55.6|.il cAb in 10ml PBS = 4^d/ml cAb 
per well for TNF-cx.

IL-10 optimisation proved that double this concentration of cAb achieved 
the best results.

one IL-10 ELISA plate was coated with 111.20^il cAb in 10ml PBS = 
8|^l/ml cAb per well.

A.4.1.1.H IL-6

Stock = 360^il/ml (in 1000ml PBS)

Need 10ml of cAb at a concentration of 2|il/ml = 20|.il/10ml

1/18 dilution
Stock = 720^1/ml in lOOO îl PBS ------------► 20^1/10ml

1000^1/18 = 55.6^1

one ELISA plate was coated with 55.6^1 cAb in 10ml PBS = 2|il/ml cAb 
per well for IL-6.

Add Acid to Water 
Store in 200ml glass Duran 
Keep solution in dark (wrap 
bottle in aluminium foil)
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A.4.1.1.Hi \ /EGF

Need 10ml of cAb at a concentration of 0.8|.il/ml = 8^1/10ml

1/18 dilution
Stock = 180nl/ml in 1000^1 PBS ------------► 8^1/10ml

1000^x1/18= 13.88^1

A.4.1.2 Detection Antibody (dAb)

A.4.1.2.i TNF-a

Need 10ml of dAb at a concentration of 300ng/ml (0.3ng/ml) = 3f.tg/10ml

1/18 dilution

Stock= 54ng/ml (in lOOOf̂ il RD)----------- ► 31-ig/IOml
1000^1/18 = 55.6^1

one ELISA plate was incubated with 55.6^1 dAb in 10ml RD = 300ng/ml 
dAb per well

A.4.1.2.II  lL-6

Need 10ml of dAb at a concentration of 200ng/ml (0.2j.»g/ml) = 2ng/10ml

1/18 dilution

Stock= 36|.ig/ml (in 1000^1 RD) -----------► 2^g/10ml
1000^1/18 = 55.6|.il

one ELISA plate was incubated with 55.6(.il dAb in 10ml RD = 200ng/ml 
dAb per well for IL-6

A.4.1.2.iii \ / E G f

Need 10ml of dAb at a concentration of 250ng/ml (25ng/ml) = 250ng/10ml

1/18 dilution

Stock= 36^g/ml (in 1000[.»l RD) -----------► 2|^ig/10ml

1000|.tl/18 = 55.6|Al
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one ELISA plate was incubated with 55.6^1 dAb in 10ml RD = 250ng/ml 
dAb per well for VEGF

A.4.1.3 Antibody Standards

A.4.1.3i TNF-a

Need 600|al of standard to make serial dilutions starting at a concentration 
of 1000pg/ml (1ng/ml)

Stock = 77.5 ng/ml (in SOOial RD 0.2^im filtered)

Need 1000pg/ml (high standard)

7.74^1/600 nl =1000pg.ml

7 point standard curve using 2 fold serial dilutions in RD 
eOÔ il = 592.26 III RD and 7.74n\ stock TNF-a

1000
1

500
i

250
1

125
i

62.5
i

31.25
i

15.625

Opg/ml (RD alone)

A.4.1.3.H IL-6

Need 600^1 of standard to make serial dilutions starting at a concentration 
of lOOOpg/ml (1 ng/ml)

Stock = 70 ng/ml (in 500|.il RD 0.2^im filtered)

Need 600pg/ml (high standard)
600|il 170 = 8.6 i-il stock
Standard 600pg/ml then 5.15^1 /600 1̂
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7 point standard curve using 2 fold serial dilutions in RD 
600^1 = 594.85^1 RD and 5.15^1 stock IL-6

600
i

300
i

150
i

75
i

37.5
i

18.75
i

9.375

Opg/ml (RD alone)

^.4.13./7/VEGF

Need 600j.il of standard to make serial dilutions starting at a concentration 
of 1000pg/ml (1ng/ml)
Stock =110 ng/ml (in 500|jI RD 0.2jim filtered)
Need 4000pg/ml (high standard)

36.36 [̂ il in 1000 îl = 4000pg/ml 
21.8 î il in 600 |.il = 4000pg/ml

7 point standard curve using 2 fold serial dilutions in RD 
600^1 = 578.2.26 nl RD and 21.8.^il stock VEGF 
4000
i

2000
1

1000
i

500
I

250
i

125
I

62.5

Opg/ml (RD alone)
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A.5.1.0 FUNCTIONAL COAGULATION ASSAYS

A.5.1.1 Colorometric assay of antithrombin

1. Principle
Antithrombin exerts a powerful and immediate inhibitory action on thrombin 
when heparin is present. The test procedure consists of two steps:

First the plasma to be tested is incubated with a known excess of thrombin 
in the presence of heparin. The heparin forms a complex with the AT in 
the plasma to inactivate the thrombin.
The residual thrombin is quantitated by its amidolytic action on the 
synthetic chromogenic substrate CBS 61.50 to release pNA that is 
measured at 405 nm.

Since the quality of thrombin that is neutralised in the first reaction step is 
proportional to the AT level present in the plasma, it follows that the 
residual thrombin in the second reaction step (as measured by the pNA 
release) is inversely proportional to the AT levels of the tested plasma.

2. Reagents and Reagent Preparation
A barcode insert is provided in the box. This barcode contains the following 
information; lot number, kit code number, reagent code numbers and 
expiration date.
Reagent 1 consists of approximately 12 NIH units of bovine thrombin per 
ml, freeze dried. Take the vial of reagent 3 and shake it well. Then pour 
its entire contents into a vial of reagent 1 of the small kit. Allow to 
reconstitute for one hour at room temperature.
Reagent 2 consists of the chromogenic substrate CBS 61.50. Reconstitute 
each vial with 3ml of sterile distilled water for one hour at room 
temperature.
Reagent 3 is ready for use. Shake vial well before use to reconstitute 
Reagent 1. Reagent 3 consists of solvent containing heparin and sodium 
azide as a preservative.

At the Sta-R press This will open the product drawer. Wand the
barcode of the reagent bottle across the analyser’s barcode reader. The 
information about the reagent which is stored in the analyser; name, expiry 
time and default volume, are displayed on the analyser.

If the reagent is contained in a microcup this must be indicated to the

analyser. This is done pressing I ** . When this is pressed the
following symbol is displayed in the white box. If the volume of reagent 
is different to the default volume it can be changed. The volume displayed 
is in |jls and the volume must be changed accordingly.
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The reagent can now be loaded onto the analyser. As the product drawer 
is divided into three parts, the reagents must be loaded into the correct 
section. To find out where the reagent is loaded, p r e s s T h e  area 
position is the first two numbers that appear. The reagent can then be 
loaded on to the analyser.

3. Calibration procedure
The value of the standard is contained on the Assay Value package insert 
provided with the STA Unicalibrator. This information is wanded into the 
Sta-R, using the internal bar-code reader, when the Unicalibrator is being 
used for the first time. This information is stored on the machine until a 
new batch of Unicalibrator is used. Dilutions of the standard are 
automatically prepared by the Sta-R with Owren-Koller Buffer according to 
the parameters entered in the analyser for the assay. When the calibration 
curve is complete it can be examined on the Sta-R.

The quality control using System Control N and P are automatically carried 
out after calibration. If there are problems with controls examine the 
linearity of the calibration graph. If the “r” value is not close enough to 1.0 
(at least >0.9) the assay may need to be recalibrated.

To perform a calibration begin by pressing
From the list of tests select the ATIII for the Antithrombin assay. Double 
tap the ATIII box. From the options provided select Calibrate. The 
following selection box is displayed. Tap the lot number box for each of 
the reagents and select the lot number of the reagent to be calibrated. 
These reagents will be displayed in green lettering. Lot numbers with grey 
lettering are previous lot numbers and those with red lettering are reagents 
which are onboard the analyser but with insufficient volume for calibration.
Finally press ^ calibration. The analyser will then
request the concentration to be entered in for the Owren Koller buffer as it 
is used in the calibration procedure as a 0%. Enter in the value and press 
“Ok”.
Note: If two previous calibrations are already stored on the StaR, the older 
calibration will need to be printed and deleted prior to the calibration of a 
new lot number. The printed calibration curve should be filed in the folder 
labelled: “Calibration Print-Outs”.

4. Internal quality control
Two different levels of controls are used in order to ensure accuracy and 
reproducibility of the results. The controls, System Controls N and P, are 
prepared using sterile distilled water and transferred to the Sta-R. The 
values of the controls are entered into the instrument using the respective 
bar-code inserts as instructed by the package insert of the box. Test 
controls are run when new sets of reagents are loaded onto the instrument. 
If the controls are outside the validated ranges, rerun the controls and if the 
problem persists then seek the advice of a senior member of staff. For 
further information refer to QP-HAE-CoaglQC.
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5. External quality assessment
National External Quality Assurance Scheme (NEQAS) and the Central 
External Quality Assurance Scheme (CQEAS) provide external controls. 
The controls are run in accordance with the laboratory procedures and the 
results obtained are compared with results obtained from other laboratories 
using the same instrumentation. For further information refer to the 
Standard Operating Procedure file QP-HAE-EQA.

6. Method 

Click the ic o n ^ i^ .
The analyser is set to automatically read the barcodes of the samples. As 
the thawed samples do not have a barcode on them the analyser must be
told the identities of the samples. Press the icon to change it to th e S . 
This tells the analyser to add the identities of the samples before loading. 
Place the samples into the silver adapter and load into the racks. Place 
the racks in the rack tray and place the rack tray on the instrument: The 
tubes are automatically loaded, and the manual input of patient ID’s screen 
is displayed.

Click the ■>* icon if the position in the rack is empty. The icon will then be
crossed out ( ^  ). Select the position of the sample in the rack diagram in 
the bottom left of the screen and enter the sample ID number.
Enter the analyses to be performed by manually selecting in the list of 
tests.
To indicate to the analyser that the samples are in microtainer check the 
“pTainer” box on the right of the sample identity box.
Confirm by clicking**#*.

7. Reporting of results
The Antithrombin levels (lU/ml) of the plasmas being tested are displayed 
in the Test Panel screen of the Sta-R. The results are downloaded 
automatically to the host computer for authorisation.
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A.5.1.2 Chromogenic Factor VIII Assay

1. Principle

Factor VIII acts as an enzymatic cofactor of factor IXa during the activation 
of factor X to factor Xa in the presence of calcium ions and phospholipids. 
The factor Xa hydrolyses the chromogenic substrate liberating the 
chromophore pNA. The colour is then read spectrophotometrically at 
405nm. The generated factor Xa and thus the intensity of colour is 
proportional to the factor VIII activity in the sample.

2. Reagents and Reagent Preparation

One kit is sufficient to test 30 patients.
Technoclone Factor VIII Chromogenic kit (ref 5344101)
Technoclone Coagulation Control N and A

There are eight different reagents provided with each kit.

Reagent A
Reconstitute with 2 mis of deionised water.
Leave to stand for 30 minutes.
Once reconstituted it is stable for 8 hours on the analyser.

Reagent B
Reconstitute with 2 mis of deionised water.
Leave to stand for 30 minutes.
Once reconstituted it is stable for 8 hours on the analyser.

Substrate
Reconstitute with 2mls of deionised water. Leave to stand for 20 minutes. 
Dilute with FVIII reaction buffer (8mls of buffer). Leave to stand for a further 
10 minutes.
Once reconstituted they are stable for 8 hours on the analyser.

FVIII Dilution buffer
This is the diluent used in the assay and is ready for loading on to the 
analyser. It is placed in a microcup and loaded in the RO section of the 
product drawer.

Reference Standard 1 to 4
These are reference standards used for producing the calibration curve. 
They are reconstituted with 1 ml of deionised water. These can be frozen 
down at less than -800C and are stable for 1 month at this temperature.

The Reference Standards are only required if the test needs to be re
calibrated.
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3. Internal quality control

Two different levels of controls Technoclone Controls Normal (N) and 
Abnormal (A) are used in order to ensure accuracy and reproducibility of 
the results. The values for these controls are contained in the package 
inserts.
The values of the controls are entered into the instrument when a new lot 
number is started. If the controls are outside the validated ranges, rerun 
the controls and if the problem persists then seek the advice of a senior 
member of staff. For further information refer to QP-HAE-CoaglQC.

4. External quality assessment

National External Quality Assurance Scheme (NEQAS) and the Central 
Quality Assurance Scheme (CQAS) provide external controls. The 
controls are run in accordance with the laboratory procedures and the 
results obtained are compared with results obtained from other laboratories 
using the same instrumentation and methodology. For further information 
refer to the Standard Operating Procedure file QP-HAE-EQA.

5. Method 

Click the icon ,
The analyser is set to automatically read the barcodes of the samples.
As the thawed samples do not have a barcode on them the analyser must 
be told the identities of the samples.
Press the icon to change it to the .
This tells the analyser to add the identities of the samples before loading. 
Place the samples (ensure no bubbles in samples) into the silver adapter 
and load into the racks.
Place the racks in the rack tray and place the rack tray on the instrument. 
The tubes are automatically loaded, and the manual input of patient ID’s 
screen is displayed
Click the icon if the position in the rack is empty. The icon will then be 
crossed out ( ). Select the position of the sample in the rack diagram in 
the bottom left of the screen and enter the sample ID number.
Enter the analyses to be performed by manually selecting in the list of 
tests.
To indicate to the analyser that the samples are in microtainer check the 
“pTainer” box on the right of the sample identity box.
Confirm by clicking .
The chromogenic factor VIII assay of the plasma to be tested starts 
automatically as soon as sample loading is completed.
If any of the patient’s results fall outside the working range of the assay, 
the Sta-R will automatically retest the sample at an appropriate dilution.
If result is displayed as Vmax- validate at STA-R, edit the result at the 
validation stage in Winpath to <0.01.
If result is displayed as Vmin- validate at STA-R, edit the result at the 
validation stage in Winpath to >2.00.

258



A.5.1.3 Coiorometric assay of Protein C

1. Principle

Protein C is activated by a specific activator derived from the venom of the 
Agkistrodon c. Contortrix snake. The quantity of enzymes thus formed is 
measured by its amidasic activity on the synthetic chromogenic substrate 
CBS 45.46 at an absorbance of 405nm. The intensity of the colour 
produced is directly proportional to the level of protein C initially present in 
the test plasma.

Venom (Reagent 1)

Protein C --------------------------- ► Activated Protein C

CBS 42.46 (Reagent 2)  ► Colour (pNA)

Assay specificity is assured by the selectivity of the chromogenic substrate 
as v\/ell as by the specificity of the activator. The STA®-Stachrom Protein 
C reagent system has been demonstrated to be insensitive to the principle 
coagulation factors i.e. Xll, XI, IX, Vlll, X, V  and to protein S.

Sample must be collected in tri-sodium citrate anticoagulant in 9 parts 
blood to 1 part anticoagulant. Tri-sodium citrate must be used, as EDTA  
and other anticoagulants are known to interfere with most of the 
coagulation factors.

2. Reagents and Reagent Preparation

A bar code is printed on the Assay Value insert provided in each box. This 
bar code contains the following information: lot number, kit code number, 
reagent code numbers, and expiry date.

Reagent 1 consists of freeze-dried highly purified extract of Agkistrodon c. 
Contortrix snake venom (specific activator of protein C).

Reagent 2 contains the chromogenic substrate CBS 42.46, freeze dried.

The reagents in intact vials are stable until the expiry date indicated on the 
box when stored at 2 - 8°C.

Reagent 1 (Protein C activator)
Reconstitute each vial with 3 mis of distilled water.
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Allow the reconstituted reagent to remain at room temperature for 60 
minutes before use. Swirl vials gently and insert an STA® reducer and 
replace the perforated cap.

Reagent 2 (Protein C Substrate)
Reconstitute each vial with 6 mis of distilled water. DO NOT SHAKE,
Allow the reconstituted reagent to remain at room temperature for at least 
60 minutes before use, mix well, insert an STA® reducer and replace the 
perforated cap.

When the reagent run is ready for use (with STA®-reducer and perforated 
plastic cap in place) scan the bar code printed on the vial label across the 
Sta-R bar-code reader. Validate the reagent volume indicated by the 
analyser. Then place the reagent vial in the reagent drawer. The beep 
emitted by the instrument indicates to the operator that identification and 
position of the reagent have been validated. For reagent 2 proceed exactly 
in the same manner as for the reagent 1 vial. If it is a new lot, transfer the 
information contained on the bar code of the assay value insert. For the 
Owren-Koller Buffer scan the vial labelled bar code across the bar-code 
reader. Validate the reagent value indicated. Then place the buffer in the 
sample drawer. The beep emitted indicates to the operator that the 
identification and position of the reagent are validated by the STA® 
Compact.

The reconstituted Protein C reagents in their original vial with STA® 
reducer and perforated cap in place are stabile for 21 days on the STA® 
Compact. The stability of the Owren-Koller Buffer after vial opening is 5 
days.

3. Internal Quality Control

It is necessary to run controls in order to ensure accuracy and 
reproducibility of the results. Two different levels of controls should be 
included at the start of each working day and subsequently every four 
hours throughout the day. STA® System N+P are the control materials 
used in this laboratory.

To run a PC QC;

1. Click the icon.

2. Locate the test for which a control must be run.

3. Click the test abbreviation,

4. Click the Control Level 1 or 2 tab.

5. Click the button.
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6. The following message is displayed : "Test: (Abbreviation of the 
selected test) Level : (Selected level) Run the control ?"

7. Confirm by clicking _iSLl.

4. External Quality Assessment

National External Quality Assurance Scheme (NEQAS) and the Central 
External Quality Assurance Scheme (CQEAS) provide external controls. 
The controls are run in accordance with the laboratory procedures and the 
results obtained are compared with results obtained from other laboratories 
using the same instrumentation. For further information refer to the 
Standard Operating Procedure file QP-HAE-EQA.

5. Method

Before loading on the analyser the samples are placed in a Sarstedt 
adapter and placed in one of the racks containing the clips.

Place the rack on the tray with the rack barcode facing the back of the tray. 
As the analyser has a cap-piercing needle the lids can be left on the 
samples for all of the paediatric sample bottles. As the cap-piercing needle 
is set for sampling from the paediatric sample bottles if any other type of 
bottle is used the lid must be removed or the needle will be damaged.

Place the tray on the loader. The rack is automatically loaded on the 
analyser and the barcodes read. The coagulation screen (PT, APTT and 
TT) is automatically run on the analyser and does not have to be 
requested. To request a the test, proceed to the test panel screen and tap 
the Protein C box associated with the laboratory number and the tap the 
Ok button. The analyser will perform the test.

6. Limitations of the procedure 

Heparin Interference
Heparin levels up to 1 lU/ml do not affect test results.

Assay Linearity
The Stachrom protein C reagent system is designed to give dose response 
linearity between 0 and 1.50 lU/ml. For levels greater than 1.50 lU/ml, see 
the Stago Sta-R operator’s manual.

Vitamin K Antagonist Therapy.
Some of the PIVKA - protein C that is present in the plasma of patients 
receiving oral anticoagulant therapy is measured by the STA® - Stachrom 
Protein C procedure.
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A.5.1.4 Clotting Assay of Protein S activity

1. Principle
Protein S is a plasma vitamin K dependent protein that is synthesised in 
the liver as an inactive precursor. The active form is obtained after 
carboxylation of glutamic residues by a vitamin K dependent carboxylase 
and contains the alpha-carboxyglutamic residues thus allowing the 
molecule to fix calcium.

Physiologically, Protein S has an essential anticoagulant function. It acts 
as the cofactor of activated Protein C, with which it appears to form a 
stoichiometric complex. In the presence of calcium, this complex binds 
strongly to the phospholipid surfaces and thus regulates the coagulation 
process, inhibiting thrombin-stimulated factors V and VIII. Protein S greatly 
potentiates Protein C anticoagulant function. Protein S can be “modified 
by thrombin: in this case, protein S retains its affinity for phospholipids, but 
loses its anticoagulant function as the cofactor for activated protein C.

In physiological conditions, an equilibrium exists in which two different 
forms of protein S are present:

The free protein S form, representing about 40% of protein S. This free 
form acts as the cofactor of activated protein C and carries the 
anticoagulant activity.

The molecular weight form binds the complement protein C4b Binding 
Protein (C4b-BP) representing 60% of total protein S. This form does not 
exhibit any anticoagulant activity.

Protein S is decreased in the following instances:

Congenital deficiency.
The total protein S antigen level is normal, subnormal or decreased. The 
diagnosis of the condition can only be established by the parallel 
determinations of protein S activity level and free protein S antigen level.

Inflammatory Syndrome:
The in vivo increase of the C4b -  BP level leads to an increase of the 
bound protein S fraction and to a concomitant decrease of the free and 
functional protein S levels.

Hepatic Disorders.

Oral Anticoagulant Treatment

Treatment with Oral Contraceptives

L asparaginase Treatment.
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The congenital or acquired deficiency of protein S increases the risk of 
thromboembolism, owing to a decrease of blood anticoagulant potential. It 
produces recurrent thrombotic episodes. All decreases of Protein S thus 
lead to a greater risk of thromboembolism. In this context the assay of the 
biologically active protein S is very useful.

The principle of the assay is based upon the cofactor activity of protein S 
that enhances the anticoagulant action of activated protein C. This 
enhancement is reflected by the prolongation of the clotting time of a 
system enriched with factor Va which is a physiological substrate for 
activated protein C.

2. Reagents and Reagent Preparation

Reagent 1 (Lyophilised human plasma, free of protein S).
Reconstitute each vial with 1 ml of sterile water. Allow the solution to stand 
at room temperature (18 - 25°C) for 1 hour. Then, swirl vial gently to 
obtain a homogenous solution. The stability of the product once 
reconstituted is 4 hours.
Do not freeze.

Reagent 2 (human activated protein C).
Reconstitute each vial with 1 ml of sterile water. Allow the solution to stand 
at room temperature (18 - 25°C) for 1 hour. Then, swirl vial gently to 
obtain a homogenous solution. The stability of the product once 
reconstituted is 4 hours. Do not freeze.

Reagent 3 (bovine factor Va.)
Reconstitute each vial with 1 ml of sterile water. Allow the solution to stand 
at room temperature (18 - 25°C) for 1 hour. Then, swirl vial gently to 
obtain a homogenous solution. The stability of the product once 
reconstituted is 4 hours.
Do not freeze.

At the Sta-R press . This will open the product drawer. Wand the 
barcode of the reagent bottle across the analyser’s barcode reader. The 
information about the reagent which is stored in the analyser; name, expiry 
time and default volume, are displayed on the analyser.

As the reagents are contained in microcups this must be indicated to the
analyser. This is done pressing I ** . When this is pressed the
following symbol is displayed in the white box. If the volume of reagent 
is different to the default volume it can be changed. The volume displayed 
is in |jls and the volume must be changed accordingly.
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The reagent can now be loaded onto the analyser. As the product drawer 
is divided into three parts, the reagents must be loaded into the correct 
section.
To find out where the reagent is loaded, p re s s  The area position is
the first two numbers that appear. The reagent can then be loaded on to 
the analyser.

3. Internal quality control

Two different levels of controls are used in order to ensure accuracy and 
reproducibility of the results. The controls. System Controls N and P, are 
prepared using sterile distilled water and transferred to the Sta-R. The 
values of the controls are entered into the instrument using the respective 
bar-code inserts as instructed by the package insert of the box. Test 
controls are run when new sets of reagents are loaded onto the instrument. 
If the controls are outside the validated ranges, rerun the controls and if the 
problem persists then seek the advice of a senior member of staff. Refer 
to QP-HAE-CoaglQC for further information.

4. External quality assessment

National External Quality Assurance Scheme (NEQAS) and the Central 
External Quality Assurance Scheme (CQAS) provide external controls.
The controls are run in accordance with the laboratory procedures and the 
results obtained are compared with results obtained from other laboratories 
using the same instrumentation. For further information refer to the 
Standard Operating Procedure file QP-HAE-EQA.

5. Method

Click the ico n ^J^ .
The analyser is set to automatically read the barcodes of the samples. As 
the thawed samples do not have a barcode on them the analyser must be
told the identities of the samples. Press the '3S' icon to change it to the— 
This tells the analyser to add the identities of the samples before loading. 
Place the samples into the silver adapter and load into the racks. Place 
the racks in the rack tray and place the rack tray on the instrument. The 
tubes are automatically loaded, and the manual input of patient ID’s screen 
is displayed:
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Click the icon if the position in the rack is empty. The icon will then be
crossed out ( ^  ). Select the position of the sample in the rack diagram in 
the bottom left of the screen and enter the sample ID number.

Enter the analyses to be performed by manually selecting in the list of 
tests.

To indicate to the analyser that the samples are in microtainer check the 
“jjTainer” box on the right of the sample identity box.
Confirm by clickingl*i*.

6. Limitations of the procedure 

Anticoagulants

Heparin levels up to 2 lU/ml do not affect test results. Higher levels may 
lead to an overestimation of the Protein S levels. Patients who are on 
coumarin therapy should not be tested as the levies are reduced.

Factor VIII Levels

Factor VIII levels up to 2.50 lU/ml do not affect test results.

C4b -  BP Interference

In the described assay conditions, there is no in vitro dissociation of the 
C4b -  BP-Protein S complex.
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