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Abstract

Preeclampsia (PE) is a multisystemic disease that has been recorded as a complication in up to 15 % of pregnancies being lead
cause of maternal mortality worldwide. Despite that PE pathophysiology has not been fully elucidated, it is currently believed that
the endothelial dysfunction and pro-inflammatory status play a key role in its development, which account for impaired implantation
processes as well as trophoblast invasion during placentation. Altogether, it results in developing generally accepted clinical
symptoms “triad”: arterial hypertension, proteinuria, and edema. PE is also characterized by clotting disorders that cause an
increased risk of maternal venous thromboembolism. It should be remembered that the related risk may be markedly elevated in
the postpartum period. The mechanisms underlying the development of thrombosis high risk remain to be fully investigated, albeit
upregulated expression of procoagulant factors, endothelial dysfunction, compromised endogenous anticoagulant activity, and
increased platelet activity result in prothrombotic predisposition.
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Pestome

Mpeaknamncus (M3) — 370 MynNbTUCUCTEMHOE 3a60/1€BaHNe, KOTOPOE 1 N0 Cel AAeHb 0CNOXHSET A0 15 % 6epeMeHHOCTel 1 ABNs-
eTCA BeAyLLen NPUYMHoOI PeTo-MaTepMHCKON CMEPTHOCTM BO BCEM MUpe. HecMoTps Ha To 4T0 natoduaunonorus M3 40 KoHUa He
ICHA, CHUTAETCA, YTO KJTHOYEBYIO PONb B PA3BMTUN JAHHOMO COCTOSIHWA UrpaeT SHAOTeNManbHas AMCcQyHKLUS 1 NpoBOCNanmMTeNb-
Hblil CTaTyC, KOTOPbIe 06YCNaBNNBAOT HapyLLUEHWe NPOLECCOB WMMMAHTALMK, MHBA3MK TpodobnacTa v nnaueHTaumn. Bee aTto
NPUBOAUT K Pa3BUTUIO OOLLENPUHATONA KITMHUYECKON TpUaLe CUMNTOMOB: apTepuasibHOA rMNepTeH3uK, NPOTEMHYPUM 11 OTEKaM.
[ns 113 TaKkKe XapakTepHbl HApYLUEHMS CBEPTbIBAHUS KPOBU, KOTOPbIE CMIOCOBCTBYHOT NOBbILLEHHOMY PUCKY BEHO3HO TPOMOOIM-
60nNN Y TaKuUX XKEeHLLUMH. Hafo NOMHMTbL, YTO 3TOT PUCK 3HAYUTESIbHO YBENNYUBAGTCS B MOCNEPOAOBOM nepuoge. MexaHusmel,
nexatlme B OCHOBE Pa3BUTUS BbICOKOrO pucka TpOMOGO30B, eLLe NPefcTONT BbISCHUTb A0 KOHLA, XOTS NOBbILLIEHHAsA IKCNPeccus
NPOKoarynaHTHbIX (0akTOPOB, 3HAOTENNANbHAA ANCHYHKLMA, 0CabNeHNe 3HAOTEHHON aHTUKOAryASIHTHOW aKTUBHOCT 1 MOBbI-
LLEHHAs aKTUBHOCTb TPOMBOLMTOB BEAYT K MPOTPOMOOTNHECKOMY YKIOHY.

KntoveBbie cnosa: npeaknamncus, 13, 6epeMeHHOCTb, BEHO3Has TPOMB0IMOB0NNSA, 3HA0TENNANbHASA AUCHYHKLMSA

Ina uutuposanms: Mpuropbesa K.H., buuagse B.O., Xuspoesa [.X., Cnyxandyk E.B., TpeTbsikoBa M.B., Makauapus H.A.,
[pu XX.-K., n Penuo O.K., Unéuzosa B.W., banHos [.B., Makauapusa A.[l. [Tpeaknamncus n BONpockl BEHO3HOW TPOMOO3MOOSINN.
Akyepctso, [uHekonorus v Penpogykums. 2022;16(3):306-316. https://doi.org/10.17749/2313-7347/0b.gyn.rep.2022.315.

What is already known about this subject?

» Preeclampsia (PE) is a serious disease that complicates a
great number of pregnancies being a lead cause of feto-
maternal mortality.

» Endothelial dysfunction and pro-inflammatory status play a
key role in the PE development, which account for impaired
implantation processes, trophoblast invasion and placentation.

What are the new findings?

» |t was found that elevated production of antiangiogenic factors,
endothelial dysfunction and increased platelet activation lead
to hemostatic dysfunction and double the risk of venous
thromboembolism (VTE). Therefore, all pregnant women with
a history of VTE should be tested for antiphospholipid
syndrome and hereditary thrombophilia.

How might it impact on clinical practice in the foreseeable
future?

» Taking into account the risk of PE-associated feto-maternal
mortality, novel therapeutic and diagnostic strategies are
required to prevent and effectively treat this condition.

Introduction / BBegeHue

Preeclampsia (PE) is a condition that develops in a
large number of pregnant women and results in severe
consequences. PE-related complications vary, which

OCHOBHbIE MOMEHTbI

Y10 yXe u3BecTHO 06 3TN TEME?

» [peaknamncus (M13) — 3aT0 TsXenoe 3ab60neBaHne, KOTOPoe
OCJI0XKHSIET OrPOMHOE KOJIM4eCTBO 6epeMeHHOCTEN 1 ABNSETCA
BEAYLLEN NPUYNHOIA ()ETO-MATEPUHCKON CMEPTHOCTN.

» KntoyeByio ponb B passutum M3 UrparT 3HAOTENNanbHas
ONCCYHKUMS 1 NPOBOCMANNUTENbHBIA  CTaTyC, KOTOpble
06yCnaBnuBaKOT HApYyLLIEHWe NPOLeCCOB UMMAAHTALMM, NHBA-
311 TpochobsIacTa 1 naaLeHTauuim.

Y710 HOBOrO f1aeT cTaThs?

» oka3aHo, YTO NOBbILEHHAS MPOAYKUNS aHTWAHTUOTEHHbIX
(hakTopoB, 3HAOTENMANbHAA AUCHYHKUMS U MOBbILIEHHAS
aKTUBALMA TPOMOOLWUTOB MPUBOAAT K TFEMOCTATUHECKON
ANCYHKLMM 1 BABOE MOBbILIAIOT PUCK PA3BUTUS BEHO3HOIA
Tpom603am6onuu (BT3). VimeHHo nmoaTomy Bcex 6epemeHHbIX
¢ BT3 B aHamHe3e He06X04NM0 TeCTMPOBATh Ha aHTUOCHO-
NIMNNAHBIA CUHAPOM W HACNEACTBEHHbIE TPOMBOMANN.

Kak 3To MoOXeT noBnuATbL Ha KIMHUYECKYH0 NPaKTUKY
B 0603pumom Gyayiiem?

» V4uThiBas puck (DETO-MaTePUHCKON CMEPTHOCTY, CBS3AHHOIA C
M9, TpebytoTcs HOBblE TEPANEBTMYECKNE W AMArHOCTUYECKIE
cTpaTernn Ans NpedoTBpalleHns U apdeKTMBHOTO NeYeHns
JaHHOTO COCTOSIHNS.

may include intrauterine fetal growth retardation, fetal
death (1-2 % of cases), premature birth, impaired
liver and kidney functions, thrombosis, coagulopathy,
eclampsia, etc. [1]. Around 70,000 women die annually
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worldwide due to PE complications, wherein venous
thromboembolism (VTE) is a lead risk factor for maternal
mortality [2].

Normally, pregnancy is characterized by the
development of a hypercoagulant state, however, patients
with PE experience significant changes in the pro- and
anticoagulant pathways, which leads to an "abnormal"
procoagulant state. Such blood clotting disorders result
inincreased VTE risk, especially in the postpartum period
[3]. Despite this, therapeutic strategies for PE treatment
and prevention currently remain poorly studied, whereas
a childbirth is the only effective treatment method.
Eliminating such knowledge gaps may lead to lowered
morbidity and mortality of both mothers and children
affected by PE.

Here, we review potential pathogenetic mechanisms
related to PE and VTE occurring during PE as well as
discuss current methods for prevention and treatment of
such conditions.

Pathogenetic aspects of preeclampsia
development / IIaToreHeTHIECKHE
ACIEKTHI PA3BUTHA IIPEIKITAMIICHA

Preeclampsia (PE) is a multisystemic inflammatory
disease that accounts for up to 15 % of maternal
deaths worldwide [2, 4]. Both maternal and placental
factors influence PE development. The placenta plays
an essential role in the pathophysiology of emerging PE,
especially early PE that was corroborated by experimental
data showing that placental tissue rather than fetus is
necessary for the disease development [5]. Investigating
human placenta at various stages of gestation in women
with normal pregnancies or PE provided insights into the
normal placental morphology and pathological changes
in the uteroplacental circulation likely to be related to
PE. It is clear that defects in spiral artery remodeling
and trophoblast invasion, two interrelated but separate
processes, are characteristic of hypertensive disorders of
pregnancy and fetal growth retardation [6]. Anomalies in
the development of placental vessels in early pregnancy
can lead to relative placental hypoperfusion/hypoxia/
ischemia, which then contributes to the release of anti-
angiogenic factors into maternal bloodstream resulting in
development of a pro-inflammatory state and endothelial
dysfunction [7, 8].

Numerous studies demonstrated a role for the
endothelial dysfunction in PE [9] resulting in endothelium
dysfunction leads to the formation of vasospasm,
increased vascular permeability, and activation of blood
coagulation system, together underlying the development

of clinical symptoms [10-12]. For example, hypertension
results from impaired endothelial control of vascular
tone, but proteinuria and edema develop due to increased
vascular permeability, whereas coagulopathy is caused
by abnormal endothelial procoagulant expression.
Headache, seizures, epigastric pain, and fetal growth
retardation are consequences of endothelial dysfunction
in the target organ vasculature including brain, liver,
kidneys, and placenta.

Usually, intact endothelium bears a surface negative
charge exerting diverse anticoagulant properties that
inhibit intravascular thrombogenesis and platelet
activation. The negatively charged glycosaminoglycan
layer forming the glycocalyx that lines up the luminal
endothelial surface inhibits thrombin formation by
interacting with circulating endogenous anticoagulants
(such as antithrombin) and also inhibits leukocyte
and platelet adhesion. Nitric oxide and prostacyclins
also limit coagulation activation by inhibiting platelet
activation and counteracting vasoconstriction. Moreover,
the physiological endothelial expression of anticoagulant
proteins such as thrombomodulin, endothelial protein C
receptor, and tissue plasminogen activator are crucial
to the activation of protein C and the fibrinolytic system
[13, 14].

Endothelial glycocalyx degradation was described in
early-onset PE that appears to be associated with reduced
microvascular perfusion. Decreased thrombomodulin
endothelial expression (due to the cleavage from the cell
surface by leukocyte proteases and metalloproteases) is a
well-known marker of endothelial dysfunction in response
to acute inflammation [15, 16]. Importantly, a decreased
physiological placental thrombomodulin expression in PE
correlates with level of the anti-angiogenic factor — sFit-1
(soluble fms-like tyrosinekinase 1). The developing
placenta produces various pro-angiogenic factors such
as VEGF (vascular endothelial growth factor), PIGF
(placental growth factor) and anti-angiogenic factor
sFlt-1, and the balance between them is essential for
normal placental development. In PE, the imbalance
is characterized by excessive level of anti-angiogenic
factors [17], including sFit-1 and soluble endoglin
(sEng), combined with decreased physiological levels of
pro-angiogenic proteins VEGF and PIGF. These markers
are used clinically during first-trimester screening
as diagnostic/prognostic biomarkers [18, 19]. The
International Federation of Gynecology and Obstetrics
(FIGO) recommends to using such biomarkers in the

‘screening and prevention" strategy for first trimester-PE

development.

m http://www.gynecology.su
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Soluble fms-like tyrosine kinase 1is anatural circulating
VEGF antagonist, wherein VEGF is an endothelial-specific
mitogen playing a crucial role in stimulating angiogenesis
[20]. Its activity is mainly mediated by interaction with
high-affinity receptor tyrosine kinases. Soluble fms-
like tyrosine kinase 1 counteracts the pro-angiogenic
activity of serum VEGFs by binds them and preventing
from interaction with cognate endogenous receptors.
Increased placental sFit-1 expression and secretion
appear to play a central role in the PE pathogenesis
[20-23]. In PE, the etiology of endothelial dysfunction is
multifactorial, but placental-derived factors seem to be
vital in inducing endothelial cell damage, including sFlt-1.
In particular, the study with pregnant rats injected with
sFlt-1 was noted to have albuminuria, hypertension as
well as pathological glomerular changes [24].

Preeclampsia-induced endothelial dysfunction leads
to elevated release of endothelial extracellular vesicles (a
hallmark of endothelial cell damage) shown to mediate
pro-inflammatory and prothrombotic effects. A population
of extracellular vesicles activates pathological signaling
pathways on platelets, neutrophils, and other leukocytes
[25]. In particular, in PE they can induce NETosis — a
type of regulated neutrophil cell death characterized
by the release of neutrophil extracellular traps (NETSs)
in response to inflammatory signals, which appears to
be an essential mechanism promoting activation of the
coagulation and inflammatory pathways [26]. Neutrophil
extracellular traps are the networks composed of DNA,
histones, and proteins produced by activated neutrophils.
Their crucial role in the initiation of immune neutrophil
response, the pathogenesis of autoimmune conditions
such as systemic lupus erythematosus, rheumatoid
arthritis, psoriasis as well as other non-infectious
processes, such as coagulation disorders, thrombosis,
diabetes, atherosclerosis, vasculitis, and oncological
diseases has been confirmed. NETs promote clotting
activation by activating platelets and direct activation of
circulating blood coagulation factors [27, 28].

Defects in trophoblast invasion may also be associated
with compromised immunological tolerance to a "semi-
allotransplant” fetus. Immune mechanisms at the maternal-
placental interface may be multifactorial, including
deficiency of natural killer cells early in placentation and
abnormal recognition of paternal HLA-C (human leukocyte
antigens) by maternal killer Ig-like receptors. In addition,
PE is a pro-inflammatory condition in which interleukin-10
(IL-10) and pro-inflammatory cytokine level, including
IL-12 and IL-18 becomes dysregulated along with increa-
sed complement system level [29-31].

In addition, a correlation between obesity and PE was
also observed. A prospective study demonstrated a linear
relationship between increased body mass index (BMI)
and higher risk of developing PE [32]. In this cohort,
the odds of developing PE in women with BMI 25 to
30 kg/m? vs. > 40 kg/m? increased from 1.65 up to
6.04. Highly likely, obesity increases the predisposition
to PE by inducing chronic inflammation and endothelial
dysfunction, which may induce PE microangiopathic
signs in synergy with placental angiogenic factors [33].
Together, all these processes lead to systemic vascular
dysfunction and maternal disorders (Fig. 1).

Abnormal spiral artery remodeling /
AHOMaJIBHOE pEMOJETIUPOBAHHE
CITMPAIBHBIX apTEePUH

In normal pregnancy, cytotrophoblast cells migrate
through the decidua and part of the myometrium,
infiltrating both the endothelium and the muscular propria
of the maternal spiral arteries, the terminal branches
of the uterine artery supplying blood to the developing
placenta. As a result, these vessels transform from small
muscular arterioles to low-resistance "large vessels,"
which significantly facilitate blood flow to the placenta
compared to other uterine areas. For comparison, in
PE, cytotrophoblast cells infilirate the decidual part of
the spiral arteries but do not penetrate the myometrial
segment; as a result, the spiral arteries cannot transform
into large tortuous vascular channels. Some scientists
believe that the defective trophoblast differentiation is
one of the potential mechanisms responsible for incorrect
cytotrophoblast invasion into the spiral arteries [35].

Venous thromboembolism in pregnancy /
BeHo3HasA TPOMO0OIMOOIUA Y
OepeMEeHHBIX

Usually, pregnancy is characterized by developing
hypercoagulable state, an increased activity of the
procoagulant factor, as well as the suppression of
endogenous anticoagulant and fibrinolytic pathways. The
hypercoagulable state is thought to develop to limit the
risk of major bleeding associated with childbirth [36].
Pregnancy-associated hypercoagulability may reduce
the risk of major perinatal bleeding, but a shift towards a
procoagulant phenotype also increases a chance of VTE
development.

The risk of VTE during pregnancy increases by about
six-fold compared with age-matched non-pregnant
women [37]. Venous thromboembolism complicates
about 1-2 out of 1000 pregnancies. Thus, in the United
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Figure 1. Pathogenetic aspects of preeclampsia (drawn by authors based on data from [34]).
Note: VTE — venous thromboembolism; sFlt-1 — soluble fms-like tyrosine kinase 1; SEng — soluble endoglin, VEGF — vascular endothelial growth factor; PIGF —

placental growth factor.

PucyHok 1. MatoreHeTnyeckue acnekTbl npeaknamncuy (pUCyHOK aBTOPOB MO AaHHbIM U3 CTaTbi [34]).
Tpumeyanne: VTE — BeHo3Has Tpom60ambous; SFit-1 — pactsopumas fms-nogobHas TuposnHkuHasa 1, SEng — pactBopumbivi sHgornmx,; VEGF — ¢hakTop pocta

aHpoTenns cocyhos; PIGF — nnaweHTapHbiii ghakTop pocTa.

States as well as the UK and Ireland, VTE is the sixth
and first lead cause of maternal death [38, 39]. The risk
is higher in women with previous VTE episodes, verified
hereditary or acquired thrombophilia, and women with
positive family history. The magnitude of the risk depends
on whether the pre-pregnancy VTE was unprovoked
(3.6 %), provoked (1.1 %), or associated with the
intake of exogenous hormones (6.4 %) [40]. Women
with hereditary thrombophilia have a 15 times higher
risk of VTE development than in remaining pregnant
women (95 % confidence interval (Cl) = 10.8-22.0), with
the absolute risk of deep vein thrombosis (DVT) and
pulmonary embolism being 146 per 10,000 and 43 per
10,000, respectively [41]. Around 80 % of pregnancy-
associated VTEs are manifested as DVT symptoms,
whereas the remaining 20 % are presented as pulmonary
embolism or DVT combined with pulmonary embolism.
Taking into account a potential impact of thrombophilia
on duration of treatment, prenatal care, and associated
complications, guidelines from the American College of
Gynecologists (ACOG), the Society of Obstetricians and
Gynecologists of Canada (SOGC), and the Royal College
of Obstetricians and Gynecologists (RCOG) support
relevance to test all pregnant women with a history

of VTE for antiphospholipid syndrome and hereditary
thrombophilia, including factor V Leiden (FVL) and
prothrombin gene G20210A (PT G20210A), as well as
deficiency of antithrombin I, protein C and protein S [42,
43].

It should be remembered that VTE risk increases with
age, in the presence of obesity and/or comorbidities (e.g.,
hypertensive disorders, systemic lupus erythematosus),
and with delivery by cesarean section [44, 45]. Assisted
reproductive technologies, including ovarian stimulation,
also increase VTE risk by 2-3-fold compared with
the general population of pregnant women. This is
due to supraphysiological estradiol levels, which lead
to hemoconcentration as well as activation of the
coagulation and fibrinolytic systems [46].

Risk of venous thromboembolism
in pregnant women with preeclampsia /
PHCK pa3BUTHA BEHO3HOH
TPOMOO3IMOOINH Y 6€pEMEHHBIX
C IPEIKIAMIICHEH

Preeclampsia complicates many pregnancies being
the lead cause of maternal and infant mortality, wherein
therapeutic strategies remain poorly understood. The
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increased baseline VTE risk associated with pregnancy
is increased due to additional factors such as PE [47-
49]. It is important to note that women diagnosed with
PE have a risk of developing VTE that varies depending
on the "stage" of pregnancy (the highest risk phase is
the postpartum period, about 50 % of pregnancy-related
VTE occurs within the first six weeks after delivery) and
PE severity (most likely due to altered procoagulant and
anticoagulant pathways) [50, 51]. This observation has
been most clearly illustrated by several large studies
showing that VTE risk associated with PE persists
throughout the postpartum period and occurs three
or four times more often [28, 52]. This highlights the
importance of assessing the VTE risk to counter such
factors in early pregnancy, postpartum period, and in
case of changing risk factors [44].

In addition to increased VTE risk, PE is also associated
with higher risk of future cardiovascular disease, with
which it shares several etiological/predisposing factors
such as obesity, chronic hypertension, chronic kidney
disease, etc. [53, 54]. It was previously stated that PE
is a disease resulting from defective arterial invasion
by placental tissues. The increased risk of arterial and
venous thrombosis in PE probably arises due to interplay
between maternal risk factors (such as pre-existing
cardiovascular disease and obesity), pregnancy-specific
risk factors (such as physiological hypercoagulability),
systemic endothelial dysfunction as well as PE-specific
inflammatory response [95].

Predictions for post-preeclampsia
women / IIpOrHo3sl A1 *KeHIUIUH,
IePEHECUINX IIPEIKTAMIICHIO

A 2015 study assessing the data from more than 75,000
women with PE in previous pregnancy found that 16 %
and 20 % subjects also developed preeclampsia during
their subsequent pregnancy as well as hypertension,
respectively [56]. However, the risk of preeclampsia
recurrence in subsequent pregnancies depends on the
severity and timing of the initial episode [57]. Thus, the
chances of PE developing during the second gestation
were markedly lower (from 5 to 7 %) in women who
had PE in first pregnancy lacking severe clinical signs
and severe complications, and comprised less than 1 %
in women with normotensive first pregnancy [58, 59].
In contrast, women with the early-onset severe PE in
previous pregnancy were at highest risk of recurrence
ranging from 25 to 65 % [60, 61].

In addition to high risk of developing VTE and new
PE cases in subsequent pregnancies, patients with PE

also have increased risk of cardiovascular disease in the
future [94, 62]. In 2019, a large population-based cohort
study was conducted in the UK that demonstrated an
almost two-fold increase in the risk of cardiovascular
events (including stroke, myocardial infarction, and
peripheral disease arteries) after being diagnosed with
PE or other hypertensive disorder during pregnancy
[63]. It was also suggested that PE increases the risk of
cardiovascular diseases not only in puerperant women
but also in their children, so higher magnitude indicators
for chronic hypertension, dyslipidemia, and obesity
were recorded among an adult population exposed to
this disorder in utero. This observation reveals some
genetic predisposition in PE etiology [64]. Preeclampsia
pathogenesis is characterized by long-term chronic
intravascular coagulation, which leads to adverse
consequences, including the shortened maternal life
expectancy.

Prevention of venous thromboembolism
in preeclampsia / IIpo¢mrakruka
BO3HHUKHOBECHHA BEHO3HOTI'O
TPOMOO3IMOOIHU3MA IIPH MPEIKTAMIICHHA

The current guidelines suggest considering an
opportunity for conducting a thromboprophylaxis,
especially in the postpartum period, necessarily taking
in consideration additional risks such as early-onset PE
and intrauterine growth retardation if the VTE overall risk
is more than 1-3 % [65]. Currently, pharmacological
thromboprophylaxis, when necessary, is carried out
by introducing low molecular weight heparin (LMWH)
or unfractionated heparin (UFH) [66] displaying most
favorable safety profile compared with warfarin, which
crosses the placenta and is associated with increased
rate of miscarriage, congenital anomalies, intrauterine
bleeding, and long-term neurological consequences [67]
or direct oral anticoagulants also penetrating the placenta,
which clinical impact on fetal outcomes, however, has
not been established [68, 69].

Currently, no studies with pregnant women directly
comparing side-by-side LMWH vs. UFH prophy-
laxis have been carried out; in non-pregnant women,
LMWH was as safe and effective as UFH [70]. LMWH
exerts a more predictable response and lower
incidence of osteoporosisas well as heparin-induced
thrombocytopenia (HIT), although UFH may be preferred
in patients with renal dysfunction (glomerular filtration
rate < 30 ml/min) or in those patients who may require
rapid drug discontinuation (e.g., before surgery) [71].
The selection of patients who need anticoagulant therapy
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is determined based on assessing VTE risk, which should
be carried out before and after delivery. However, no
evidence for supporting an optimal risk threshold at
which thromboprophylaxis should be initiated or for
optimal length of anticoagulant therapy are proposed,
despite frequent emergence of occurring postpartum VTE.
In a broad sense, the benefits of pharmacological VTE
prophylaxis should outweigh the risk of bleeding and other
complications [72]. Assessing VTE risk for each woman is
critical, especially in PE, because a confirmed competing
hemorrhagic risk associated with it exists. A nationwide
cohort study in the Netherlands showed that 7.4 % vs.
4.2 % of women with vs. without PE developed postpartum
hemorrhage, respectively [73]. Despite the established
VTE risk during pregnancy, thromboprophylaxis is not
beneficial for all women. Thromboembolism prevention
is associated with almost 2 % risk of maternal bleeding,
heparin-associated osteoporosis, and HIT [39, 74]. It is
important to remember that most bleeding during labor is
secondary and occurs more frequently at birth/placental
separation. In this case, bleeding is controlled by
myometrial contractions (with blockage of uterine blood
vessels) rather than by blood clotting factors targeted by
anticoagulant therapy. Alternatively, bleeding from soft
tissue ruptures and intrapartum trauma is sensitive to
anticoagulant therapy [75].

At present, recommendations are based on expert
opinion rather than high-quality evidence [76, 77], which
is highly challenging for physicians, especially given
competing risks and issues related to pharmacological
thromboprophylaxis. However, the data published to
date suggest that women with severe thrombophilia or a
history of VTE undoubtedly require thromboprophylaxis.
In addition, anticoagulant therapy is effective in antenatal

women with unprovoked or hormone-associated VTE as
well as postpartum period in women with any previous
VTE, regardless of etiology [77]. The most significant
reduction in VTE risk during anticoagulant prophylaxis
occurs in patients with a VTE familial history and
with a homozygous FV (Leiden factor) mutation or a
homozygous PT G20210A (prothrombin G20210A) gene
mutation. In such women, the risk of VTE developing
in the prenatal and postpartum was 47 per 1000
subjects. Moreover, in patients with antithrombin Ill,
protein C, or protein S deficiency, prophylaxis led to
decline in VTE rate by 13 per 1000 people. Subjects
without a "gender positive" VTE familial history or
bearing heterozygous variants had it decreased by 13
and 10 subjects per 1000 people, respectively [63]. In
patients with antiphospholipid syndrome and history
of recurrent miscarriage, combined prophylactic low-
dose acetylsalicylic acid and heparin can reduce a risk of
miscarriage by up to 50 % and should be considered for
postpartum use for up to 6 weeks [78].

Conclusion / 3axiaouenue

Preeclampsia is a severe disease that complicates
many pregnancies and is a significant cause of maternal
morbidity and mortality. The mechanisms underlying this
condition are not fully investigated; however, increased
production of anti-angiogenic factors, endothelial
dysfunction, and increased platelet activation are well
recognized hallmarks of hemostatic dysfunction. It
is important to remember that during pregnancy, the
risks of developing VTE increases, whereas upon PE
development, they may be elevated by 3-4 times. Hence,
it is also crucial to assess risks of developing VTE and
prevent them timely.
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