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ABSTRACT: Women with a predisposition to thrombosis (with thrombophilia) develop 

abnormal hypercoagulation during pregnancy, which can lead to early and late reproductive 

losses. The most significant polymorphisms of thrombophilia genes include antithrombin III 

deficiency, protein C, Leiden mutation, hereditary hyperhomocysteinemia, and mutations of 

some other clotting factors. In addition, there is a group of thrombophiliacaused by 

hyperaggregation. Currently, heparin and its derivatives are considered the safest and most 

effective drugs for the prevention and treatment of thrombotic complications. However, it is 

impossible to evaluate the effectiveness of heparins using only standard methods for studying 

hemostasis (activated partial thromboplastin time, thrombin time, prothrombin time) and 

markers of intravascular coagulation activation (soluble fibrin monomer complexes, D-dimer) 

due to their insufficient sensitivity. One of the new tests for qualitative and quantitative 

assessment of the coagulation state of plasma, which can detect even minimal shifts in the 

equilibrium of the coagulation system, is considered to be the study of thrombodynamics. 

Goal. To evaluate the feasibility of using the thrombodynamics test in women with pregnancy 

pathology in the first trimester. To prove the possibility of its application as the most 

sensitive method of monitoring therapy with low-molecular-weight heparins (LMWH). 

Methods. The study included 23 pregnant women with obstetric and gynecological pathology 

and / or a history of thrombotic complications and the risk of termination of pregnancy in the 

first trimester. The women were aged 22-38 years (median 30 years). An integral assessment 

of the hemostatic system was performed using the thrombodynamicstest. Results. LMWH 

therapy under the control of thrombodynamicswas performed in 20 out of 23 women. As a 

result, only thrombodynamic parameters were statistically significantly changed (p < 0.05). 

In 14 women, pregnancy ended with delivery of healthy children at 38-40weeks. (all patients 

in the first trimester received LMWH). Conclusion. The thrombodynamic test is the most 

reliable method for monitoring the treatment of LMWH, since it allows you to record even 

minimal shifts in the balance of the coagulation system. Changes in the hemostatic system 

occur in a variety of physiological and pathological conditions. Such a physiological process 

for a woman's body as pregnancy is accompanied by a shift in the balance of hemostasis 

towards hypercoagulation, which is considered a natural reaction of the body to the expected 

physiological blood loss during childbirth and in the postpartum period. This is manifested by 

activation of clotting, mainly due to an increase in the level of clotting factors, a decrease in 

the activity of protein S and simultaneously a decrease in the activity of fibrinolysis, due to a 

significant increase in the inhibitor of plasminogen activator types 1 and 2 (PAI-1 and PAI-2) 

[1-3]. Thrombophilia is a hereditary or acquired predisposition to thrombosis. It should be 

noted that thrombophilia — this is only a predisposition, but not a disease as such. Usually, 

thrombophilia becomes clinically significant in the presence of risk factors (cancer, oral 

contraceptive use, pregnancy, the postpartum period, etc.) [4]. It is customary to distinguish 
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between hereditary and acquired thrombophilia. The most common form of acquired 

thrombophilia is antiphospholipid syndrome. Another form of acquired thrombophilia may be 

caused by HIV. In this case, both the disease itself (HIV infection) and antiviral 

pharmacotherapy contribute to the development of thrombosis [5]. In hereditary 

thrombophilia, the predisposition to the formation of blood clots is due to genetic mutations. 

This article will focus mainly on hereditary thrombophilia in pregnant women, the 

possibilities of anticoagulant therapy, methods of coagulological control and correction of 

therapy. Carriage of thrombophilia gene polymorphisms can increase hypercoagulation 

during pregnancy and cause complications. Thrombophilia, according to the literature, has a 

high degree of correlation with pregnancy complications: spontaneous abortions, habitual 

miscarriagesuturing, placental abruption, non-developing pregnancy, preterm birth, 

intrauterine growth retardation, preeclampsia [6-9]. 

KEYWORDS: thrombophilia, pregnancy, thrombodynamics. 

 

Implantation of the fetal egg, invasion of the trophoblast (the surface layer of blastocyst cells) 

and placentation are the main stages that the maternal body undergoes in the first and 

beginning of the second trimester of pregnancy. The embryo, when implanted, "breaks" 

through the epithelial layer of the endometrium of the uterus, damaging the endothelium, the 

smooth muscle layer of the mother's vessels, and also changes blood flow [10]. The mother's 

body is forced to adapt through various rearrangements, primarily in the endocrine system 

and in the complement system. Vascular tone changes by changing the secretion of 

vasodilators and vasoconstrictors (prostaglandin/ thromboxane), the hemostatic system. For 

example, activated protein C, in addition to its anticoagulant effect, facilitates 

trophoblastinvasion, since it has cytoprotective properties [11, 12]. Moderate hypofibrinolysis 

in a physiologically occurring pregnancy is necessary to prevent hemorrhages during 

trophoblastinvasion. Therefore, extra-and intravascular fibrin deposition is part of the 

physiological process. This explains the increased endometrial secretion of PAI-1, a tissue 

factor, and a decrease in the level of tissue and urokinase plasminogen activators. According 

to the T study. Asahina a sufficient level of maternal factor XIII is necessary for the 

formation of cytotrophoblastic a shield that plays an important role for adequate trophoblast 

invasion [13]. It is obvious that the presence of thrombophilia can lead to both thrombotic 

disorders and changes in trophoblastinvasion. For example, the carriage of the PAI-1 4G/4G 

gene polymorphism under conditions of physiological (gestational) hypofibrinolysis leads to 

excessive fibrin deposition and, as a consequence, to a violation of fetal egg implantation. 

Protein C and/or protein S deficiency reduces cytoprotective effects by enhancing apoptosis 

trophoblast cells, which also leads to an implantation defect. Thus, genetic thrombophilia in 

the first trimester causes a defect in the depth of trophoblastinvasion, which later leads to 

endotheliopathy and can be clinically manifested by preeclampsia. In the later stages of 

pregnancy, thrombophilia causes thrombosis of the placental microcirculatory bed and often-

thrombosis of the umbilical cord vessels. Clinically, this is manifested by late reproductive 

losses: primary detachment of the normally located placenta, antenatal fetal death, fetal 

developmental delay syndrome [10]. This is confirmed by study A. Many etal., which 

included 68 women with pregnancy complications: intrauterine fetal death, placental 

abruption, intrauterine fetal growth retardation. All women underwent a study of 

polymorphisms of thrombophilia genes. Histologically уносительницгенов, placental 

infarction, spiral artery thrombosis, fibrinoid necrosis, and decidual membrane vascular 

https://ijcm.academicjournal.io/index.php/ijcm


 

 
Copyright © Author(s). This article is published under the Creative Commons Attribution (CC BY 4.0) licenses. 
Anyone may reproduce, distribute, translate and create derivative works of this article (for both commercial 

and non-commercial purposes), subject to full attribution to the original publication and authors. The full terms 
of this license may be seen at https://creativecommons.org/licenses/by/4.0/  

International Journal of Culture and Modernity 

ISSN 2697-2131, Volume 13 

https://ijcm.academicjournal.io/index.php/ijcm 

132 
132 

thrombosis were statistically significantly more common in carriers of thrombophilia genes 

[14]. The most significant polymorphisms of thrombophilia genes include deficiency of 

antithrombin III, protein C, resistance to protein C (Leiden mutation), mutation FII (G20210), 

genetically determined increase in factors VII, VIII, IX, XI, XIII, and mutation of the 

methylenetetrahydrofolate reductase gene (hereditary hyperhomocysteinemia) [15]. There is 

a link between thrombophilia, "frozen" pregnancy and spontaneous abortions. The study by 

B. J. Sansonetal. [16] included 129 women with at least one pregnancy history. The total 

number of pregnancies in women with detected anticoagulant deficiency was 188 cases. 60 of 

them were found to be deficient in one of the natural anticoagulants (protein C, protein S, 

antithrombin III), 42 (22.3 %) had a "frozen pregnancy" or spontaneous abortions. In Study 

B. Lenz etal. present a much broader spectrum of pregnancy complications and markers of 

thrombophilia [17]. A total of 203 pregnant women were included. The first group included 

101 women with a history of venous thromboembolic events (VTE) and / or pregnancy 

complications (mean age 30 years). The control group consisted of 102 healthy pregnant 

women (mean age 28 years). The first place among pregnancy complications was taken by 

spontaneous abortions (48.5 %), the second place was shared by preeclampsia, eclampsia, 

HELLP syndrome (Hemolysis, Elevated Liver enzymes and Low Platelets-hemolysis, 

increased activity of liver enzymes and thrombocytopenia), the third — fetal loss for a period 

of more than 20 weeks(33.7%). Laboratory tests included genetic polymorphisms (FVL 

1691GA, FII G20210A, MTHFR 677C/T, PAI-1 4G/4G), protein C and S, antithrombin III, 

lupus anticoagulant, anti-cardiolipin antibodies, and anti-β2-glycoprotein-1. The results of the 

study showed that complications of pregnancy and a history of WTO are 10 times more 

associated with hereditary and acquired thrombophilia compared to the control group [17]. 

According to P. M. Manuccio and M. Franchini, Leiden and prothrombin mutations are the 

main genetic determinants of thrombophilia [18]. Substitution of adenine for guanine at 

position 1691 of exon 10 of the F5 gene results in substitution of arginine for glutamine at 

position 506 of the amino acid sequence and is called the Leiden mutation (FVL). This 

mutation is localized in a region of the gene encoding the cleavage site of plasma coagulation 

factor V, which determines its ability to cleave or degrade under the action of activated 

protein C. As a result of the mutation, coagulation factor V becomes resistant to activated 

protein C, while its procoagulant activity is preserved [19, 20]. Prothrombin mutation 

(G20210A) is a consequence of the replacement of guanine with adenine in position 20210 of 

the untranslated region of the prothrombin gene and leads to an increase in the level of 

prothrombin in plasma [21]. Many studies have demonstrated a high detection rate of FVL 

mutation and prothrombin G20210A mutation in various pregnancy complications. For 

example, O. Kocher etal. A study of 5,000 women with a history of various pregnancy 

complications (habitual miscarriage, preeclampsia, fetal growth retardation, placental 

abruption, preterm birth) revealed a significant association between the carrier of the FVL 

mutation and "frozen pregnancy" [22]. According to a meta-analysis by S. Sergietal., women 

with two or more spontaneous abortions in the anamnesis are more likely to be carriers of the 

FVL mutation in comparison with the control group of women (the criterion for inclusion in 

the control group is at least one normal birth in the anamnesis) [23]. 37 studies (5,400 women 

with two or more spontaneous abortions for unknown reasons in the anamnesis and 4,640 

healthy women) included in the meta-analysis of H. Gao etal. showed a significantly high risk 

of habitual miscarriage in patients with heterozygous and homozygous mutations of 

prothrombin G20210A [24]. According to study D. Mierlaetal., habitual miscarriage is 

https://ijcm.academicjournal.io/index.php/ijcm


 

 
Copyright © Author(s). This article is published under the Creative Commons Attribution (CC BY 4.0) licenses. 
Anyone may reproduce, distribute, translate and create derivative works of this article (for both commercial 

and non-commercial purposes), subject to full attribution to the original publication and authors. The full terms 
of this license may be seen at https://creativecommons.org/licenses/by/4.0/  

International Journal of Culture and Modernity 

ISSN 2697-2131, Volume 13 

https://ijcm.academicjournal.io/index.php/ijcm 

133 
133 

associated with the carrier of two polymorphisms (homo-and heterozygous mutations FVL 

and FII G20210A) [25]. According to the data of E. A. Kalashnikova and S. N.Thestudy of 

the Russian population of women with habitual miscarriage and pregnancy pathology in the 

second and third trimesters revealed a statistically significant relationship between the FVL 

mutation and the above pathology [26]. Among the polymorphisms of thrombophilia 

genesinvolved in the pathogenesis of pregnancy pathology, a mutation of the 

methylenetetrahydrofolate reductase (MTHFR) gene plays an important role. Normally, 

MTHFR catalyzes the conversion of 5,10-methylenetetrahydrofolate to 5-

methyltetrahydrofolate, which is the main form of folate and a donor of carboxyl groups 

necessary for remethylation of homocysteine to methionine. Substitution of cytosine for 

thymine at position 677 or substitution of cytosine for adenine at position 1298 of the 

MTHFR gene leads to the synthesis of defective thermolabile 5,10-methylenetetrahydrofolate 

reductase, whose enzymatic activity is significantly lower than normal. As a result, the folate-

dependent cycle of homocysteine methylation is disrupted, which causes 

hyperhomocysteinemia, hyperhomocysteinuria, and hypomethioninemia. In addition to 

MTHFг methionine synthase (MTR), methionine synthase reductase (MTRR), Thus, it can be 

concluded that fibrinolysis in a physiologically occurring pregnancy is blocked from the 

endothelium and from the placenta. The PAI-1 gene mutation consists in the loss of the fifth 

guanine nucleotide from the promoter part of the gene (4G allele) encoding PAI-1, which 

increases the synthesis of this protein in homozygous carriers (4G/4G) by 30 % compared to 

the norm (5G/5G) [33, 35]. Based on this, in the presence of already weak fibrinolytic 

activity during pregnancy, the carrier of the mutant PAI-1 gene significantly increases the 

chances of thrombosis during pregnancy. A meta-analysis of 40 studies on thrombophilia 

gene mutations considers PAI - 1 mutation, namely 4G/4G and 4G/5G polymorphisms, as 

one of the risk factors for habitual miscarriage [29]. Of particular interest is the group of 

thrombophiliacaused by hyperaggregation. As is known, a platelet has a two-layer 

phospholipid membrane, which is embedded with glycoprotein receptors that interact with 

stimulators of adhesion and aggregation. Platelet glycoprotein receptors belong to various 

families: integrins, selectins, quadraspadins, glycoproteins, and cell immunoglobulin 

adhesion molecules. Among glycoprotein receptors, the most important are the fibrinogen 

receptor, which includes the α-and β-chains (GPIIb/IIIa, αIIbβ3), and the factor receptorVon 

Willebrand (GPIb-complex),or collagen recipe (GPIa/ IIa, α2, β1, VLA-2) [21-23]. Mutations 

in the genes encoding the alpha and beta chains фибриногеновогоof the platelet fibrinogen 

receptor can lead to increased sensitivity of the latter to specific ligands, which is 

accompanied by increased platelet aggregation and, consequently, an increased risk of 

thrombosis [23]. The most studied mutation of the gene encoding the β3 subunit of the 

fibrinogen receptor (integrin β3, or ITGB3). Mutation describedby P. J. Newman. [14]. At 

position 1565 of exon 2 of this gene, thymine is replaced by cytosine, which, in turn, leads to 

the replacement of leucine with proline in the 33rd region of the amino acid sequence. As a 

result, the ITGB3 mutation causes an increase inADPа-induced platelet in aggregation in 

vitro [2-5]. A mutation of the platelet integrin— a2 (ITGa2) collagen receptor is widely 

known. It is a heterodimerconsisting of two non-covalently bound subunits (α2 and β1). 

When cytosine is replaced by thymine at exon position 807 of the gene encoding the a2 

subunit, the density of collagen receptors on the platelet surface increases, which increases 

their adhesion,while the receptor structure does not change [23,2-6]. Carriers of the TT 

polymorphism have a 10-fold increase in the expression of collagen receptors compared to 
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carriersof the physiological homozygote [17,1-8]. 

Little is known about the effect of platelet receptor mutations on pregnancy. For example, a 

mutation of the ITGB3 gene is often found in patients with fetal loss in early pregnancy. 

However, this statement is based on a single study [29]. There is no information about other 

polymorphisms of platelet receptor genes in relation to pathologically occurring pregnancy. 

Thrombophiliacaused by a lack of physiological anticoagulants is rare. They are accompanied 

by severe coagulation disorders. The effect of a lack of physiological anticoagulants on the 

course of pregnancy is presented below. Antithrombin III is a glycoprotein belonging to the 

group of serine protease inhibitors. Antithrombin III is synthesized by liver cells, and its 

activation occurs without the participation of vitamin K, in contrast to the activation of 

protein C [10]. Antithrombin III has two key functions. First of all, it is the inactivation of 

thrombin, clotting factors IXa, Xa, XIa and XII. It should be noted that heparin is able to 

change the spatial shape of the antithrombin III molecule, thereby increasing the activity of 

the latter hundreds of times. The second function follows from the first. Since thrombin and 

factor Xa are activators of the acute inflammatory response, activated antithrombin III is also 

an anti-inflammatory agent. In particular, thrombin induces the release of interleukins (IL-6 

and IL-8) from endothelial cells and monocytes. Xa-factor interacts with endothelial cells and 

stimulates the release of cytokines. Thus, activated antithrombin III is also an anti-

inflammatory agent [21]. Antithrombin III deficiency can be hereditary or acquired. There are 

two types of hereditary antithrombin deficiency: type I (quantitative) and type II (qualitative). 

In the first case, it is the complete absence of antithrombin III. In the population, it occurs 

only in a heterozygous state, since the carrier of type Ideficiency . 

Aanticoagulant therapy during pregnancy Previously , anticoagulant therapy was performed 

in pregnant women with artificial heart valves and / or previous thrombosis in order to 

prevent WTO. Anticoagulant therapy as a method of treating fetal loss syndrome became 

relevant in the last decade of the XX century [5]. However, the range of drugs that are 

relatively safe for use during pregnancy is very narrow. The use of vitamin K antagonists, in 

particular coumarin derivatives, during pregnancy is unacceptable due to the proven risk of 

developing "warfarin embryopathy". Currently, heparin and its derivatives (unfractionated 

heparins [UFH] and low-molecular-weight heparins [LMWH]) are considered the safest and 

most effective group of drugs that are successfully used in pregnant women. Neither UFH nor 

LMWH have a teratogenic effect on the fetus. Due to some pharmacological features, 

LMWH is used more often. Unlike UFH, LMWH have a lower affinity for binding to plasma 

proteins, endothelial cells, and macrophages, which significantly increases their 

bioavailability. The bioavailability of NMH after IV or subcutaneous administration is 87-98 

%, while the bioavailability of UFH after subcutaneous administration is 15-25 %, the 

biological half-life of NMH is 2 times longer than that of UFH. When administered 

subcutaneously, LMWH has a more predictable dose-dependent response, and LMWH is less 

likely to cause heparin-induced thrombocytopenia. It is possible to administer drugs once or 

twice a day [28, 29]. The range of possibilities of NMH is not limited to anticoagulant 

properties. NMH facilitates implantation of the fetal egg into the endometrium due to its 

cytoprotective effect on trophoblast cells, stimulation of its proliferation and differentiation, 

and increased secretion of chorionic gonadotropin [20]. However, despite the clear benefits, 

LMWH has been shown by some multicenter randomized trials to be ineffective in fetal loss 

syndrome. One of the first such studies is TIPPS. According to the results, the use of LMWH 

(dalteparin) does not reduce the frequency of pregnancy complications associated with 
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placental insufficiency, the frequency of fetal loss and OBE in women with hereditary 

thrombophilia [11]. The SPIN (Scottish Pregnancy Intervention) study included a total of 294 

women, 147 of whom received enoxaparin sodium 40 mg subcutaneous injection and 75 mg 

aspirin, the rest were actively followed up without therapy. Fetal loss was similar in the 

groups of women with and without therapy (22% and 20%, respectively). It is important to 

note that the protocol specified strict inclusion criteria, namely pregnant women without 

antiphospholipid syndrome, with two or more episodes of fetal loss for up to 24 weeks. in the 

anamnesis, without endocrine, chromosomal, anatomical and immunological causes of 

miscarriage [19]. The same results were obtained in 2 other randomized multicenter trials. 
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