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INTRODUCTION 
 

Pathological conditions during pregnancy, characterized 

by increased blood pressure (BP), complicate 

approximately 10% of all births in the United States of 

America and are the main cause of maternal and 

perinatal morbidity and mortality. About 1/3 of all 

maternal deaths associated with pregnancy occurred due 

to complications caused by preeclampsia (PE) - 1.5 per 

100 thousand live births. About 40% of these deaths are 

due to the development of cerebrovascular 

complications.
[1]

 Hypertensive disorders - one of the 

most common conditions during pregnancy; they are 

associated with increased risk of PE, placental abruption, 

fetal/newborn and/or mothers’ death, early termination of 

pregnancy and low birth weight.
[2]

 Early PE increases the 

risk of fetal death [relative risk (RR) – 5.8; it is 

associated with significantly increased RR of perinatal 

mortality and high neonatal mortality (RR 16.4)]. The 

RR of perinatal and neonatal mortality for late PE is 

2.0.
[3]

 During 3 months after birth, approximately 39% of 

patients with PE have arterial hypertension (AH), and 

about 20% have proteinuria; in addition, proteinuria 

persists for 1–15 years after delivery at 10–15%.
[4]

 In 

women with a history of PE, the incidence of chronic 

hypertension is 15.8 times higher, along with an 

increased risk of developing type 2 diabetes mellitus in 

the future.
[5]

 In addition, women who have developed 

severe PE, are at high risk for the development of renal 

failure. PE is also considered a major risk factor for 

cardiomyopathy after birth. Patients with PE in history 

are at high risk of death for more than 20 years after 

delivery.
[6]

 Presumably, this situation is due to systemic 

oxidative damage suffered by the body. PE is defined as 

hypertension during pregnancy with significant 

proteinuria or dysfunction of target organs that occur 

after 20 weeks of gestation in women who have 

previously had normal blood pressure. PE complicates 

the course of about 2-7% of pregnancies
[7]

 and is an 

important factor influencing mortality and the 

development of severe complications in the perinatal 

period. PE often arises de novo, however, in the presence 

of AH, a preexisting pregnancy, there is a significant 

likelihood of developing a combined PE. Hypertension 

diagnosed during pregnancy can be one of four separate 

pathological processes: chronic hypertension, 

hypertension in pregnant women, PE, chronic 

hypertension in combination with PE,
[8]

 which requires a 

differentiated approach for the best effect of therapy and 

reducing the risk of adverse outcomes. Is pregnancy pre-

existing hypertension or PE complicated? Knowing the 

answer to this question is important for determining the 

intensity of monitoring the health status of the mother 

and fetus and assessing the need for urgent treatment of 

increasing hypertension. Despite significant efforts to 

improve understanding of the pathogenesis and prevent 

the development of PE, significant progress in reducing 

maternal and perinatal morbidity has not yet been 

achieved. There is no complete clarity regarding the 

triggering mechanisms of PE, perhaps this factor is the 

infectious process. Since acute infections significantly 

increase the concentration of proinflammatory cytokines 

in the blood and trigger endothelial reactions, the 

systemic response to the infection may be of some 

importance for the pathogenesis of the development of 
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PE. There is evidence of an increased risk of PE in the 

presence of urinary tract infections, periodontal disease, 

chlamydial pneumonia or bacterial vaginosis at any time 

during pregnancy.
[9]

 

 

Most pregnant women are young healthy women, but in 

rare cases, pregnancy may be complicated by severe 

thrombocytopenic syndromes. In particular, pregnant 

women with thrombocytopenia may develop the 

following syndromes: HELLP syndrome (Hemolysis, 

Elevated Liver enzymes and Low Platelets), fatty 

hepatosis of pregnant women and some forms of 

thrombotic microangiopathy (TMA),
[10]

 which are 

classified as serious complications that largely predict for 

the life and health of women. TMA is a group of 

heterogeneous disorders characterized by disseminated 

thrombosis of arterioles and capillaries, which leads to 

thrombocytopenia and disorders in target organs.
[11]

 

Today, thrombotic thrombocytopenic purpura (TTP), 

hemolytic uremic syndrome (HUS), microangiopathic 

hemolytic anemia (MAHA), MAHA provoked by 

pregnancy, and MAHA triggered by transplantation are 

distinguished from TMA. Acquired TTP forms are found 

in approximately 95% of all cases. Usually, the disease is 

associated with antibodies of the IgG class to 

ADAMTS13 and, as a rule, affects women, with a peak 

incidence of new cases in the third to fourth decade of 

life.
[12]

 Signs and symptoms of TMA develop in 1:25 

000–1: 100 000 pregnant women. TMA may develop a 

second time, complicating systemic disorders that have 

previously occurred (against the background of severe 

PE) or against the background of severe comorbidities. 

These include malignant hypertension, HELLP 

syndrome, infectious and autoimmune diseases (eg, 

antiphospholipid syndrome), malignant neoplasms and 

sepsis with disseminated intravascular coagulation, as 

well as drug therapy.
[13] 

 

HELLP syndrome is often found in comparison with 

other causes of TMA associated with pregnancy, 

sometimes they are practically indistinguishable from 

HELLP syndrome since their clinical signs partially 

overlap. 

 

According to a French registry containing information 

for 42 cases of pregnancy-related TTP, 23 patients with 

autoantibodies to ADAMTS13 TTP were diagnosed as 

acquired, while 19 patients had no autoantibodies and a 

diagnosis of hereditary TTP was found.
[14] 

 

Classic TTP, with an ADAMST13 level of <5%, can 

develop at any gestational age. The main sign confirming 

the diagnosis of TMA is a pronounced decrease in the 

activity of ADAMTS13 (<10%) in the blood plasma.
[15]

 

 

The frequency of new cases of TTP in pregnancy is 

theoretically estimated at 1:25 000, which is much higher 

than the same indicator for the general population. 

Apparently, atypical clinical manifestations are 

characteristic of TTP developing in the second trimester 

at the 20–22nd week of pregnancy. Apparently, 

pregnancy provokes TTP, and during subsequent 

pregnancies, a relapse may develop, while, according to 

some studies, the frequency of relapses can reach 

20%.
[16]

 The cause of thrombocytopenia during 

pregnancy can also be fatty hepatosis in pregnant 

women, which often develops in late pregnancy or in the 

postpartum period and is associated with PE in 50% of 

cases. In patients with congenital TTP, the recurrence 

rate during pregnancy is very high, so preventive therapy 

is needed as soon as possible. Sometimes an urgent 

delivery is the only effective treatment for TMA in 

pregnancy. 

 

Under the conditions of operative diagnosis and effective 

therapeutic intervention, maternal survival over the past 

20 years has increased from 79% to almost 100%.
[9]

 

However, the outcome for the mother during the first 

episode of TTP, which developed during pregnancy, is 

unfavorable in comparison with those who have 

developed the disease again. According to the French 

registry (42 cases of TTP associated with pregnancy), the 

maternal survival rate was 88%, 3 patients developed 

neurological disorders or progressive renal failure, and 2 

patients were fatal. The outcome for the fetus was 

unfavorable (antenatal fetal death in 70%), which was 

probably due to the frequency of TTP debut earlier than 

the 28th gestation week.
[17]

 The UK registry data on 

pregnancy outcomes in 12 patients with acquired TTP 

showed that none of the women with TTP, who first 

developed during pregnancy, had a disease that was fatal, 

but in 4 cases the fetus occurred death of the fetus and in 

1 case – abortion.
[9]

 Severe complications of pregnancy, 

including fetal loss syndrome, PE, HELLP syndrome and 

TMA, have significant social and economic 

consequences that have a negative impact not only on 

women and their immediate environment but also on the 

health system as a whole.
[18] 

In an effort to prevent 

recurrent complications of pregnancy, doctors often 

prescribe anticoagulants, such as heparin and aspirin, but 

the question of whether this kind of intervention is 

always helpful remains open. 

 

Etiology and Pathogenesis 

Physiological gestational changes in local 

microcirculation 

Trophoblast cells are differentiated first and provide the 

possibility of embryo implantation. It is they who are 

ultimately responsible for transporting oxygen to the 

fetus, feeding the fetus and removing its waste products. 

At week 10, trophoblast invasion leads to apoptosis of 

the muscle layer of the spiral arteries, resulting in the 

formation of a vascular bed with reduced intravascular 

pressure. Despite the known exact mechanism of muscle 

layer remodeling, it is currently believed that trophoblast 

cells interact with a special type of lymphocytes called 

uterine (decidual) natural killers (uNK). 

 

Pregnancy is also characterized by certain physical and 

physiological changes that contribute to the development 
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of the tendency to hypercoagulation. Stagnation of blood 

in the pelvic veins caused by a pregnant uterus leads to a 

decrease in blood flow velocity in the lower extremities. 

Meanwhile, in addition to a number of physical factors 

during pregnancy, physiological and hormonal changes 

in the placenta themselves are the key to the 

pathogenesis of its many undesirable outcomes. The 

placenta is a highly vascularized organ consisting of low-

resistant vessels, therefore, it is very reasonable to 

conclude that thrombosis in the placental vascular 

network can lead to functional insufficiency of the 

placenta, reduced fetal growth rates, and other 

undesirable gestational complications. During 

pregnancy, an increase in VII, VIII and X blood 

coagulation factors, an increase in von Willebrand factor 

levels and fibrinogen concentrations, as well as a 

decrease in protein S activity and acquired resistance to 

activated protein C with a constant level of antithrombin 

III are observed.
[19]

 The placental circulation is shifted 

toward procoagulant status, which seems to 

counterbalance the risk of bleeding during implantation 

due to the fact that maternal blood flows through the 

intervillous space. Trophoblasts lining the spiral arteries 

of the uterus and eventually spreading to the placenta 

have a reduced ability to Lyster fibrin compared to other 

endothelial cells. This is believed to be associated with 

high levels of plasminogen activator inhibitors (PAI-1 

and PAI-2), which form the structure of fibrin in the 

placental area and inhibit the action of tissue 

plasminogen activator anticoagulant. 

 

Trophoblasts also secrete large amounts of tissue factor 

and phosphatidylserine, declining their equilibrium 

further and further toward increased coagulation 

potential. Microparticles - extracellular vesicles that 

spread during cellular signaling and apoptosis, are also 

involved in the development of thrombotic complications 

during pregnancy.
[20]

 However, as in every biological 

model, within the placental environment, there are 

compensatory mechanisms for creating a counterweight 

to the prothrombotic status, which include annexin V, 

which is crucial for preventing intervolume thrombosis, 

tissue factor inhibitors (TPF-1 and TPF-2), 

thrombomodulin, and prostacyclin.
[21]

 

 

Pathophysiology of preeclampsia 

Stress of the endoplasmic reticulum can be caused by 

many stimuli, and the exact cause of PE is still unknown. 

However, there is a high probability of damage due to 

ischemia and reperfusion, taking into account the 

associated pathology of the spiral arteries. Early 

development of PE is associated with a lack of 

conversion of the spiral arteries of the endometrium due 

to insufficient trophoblast invasion. The conversion 

normally extends from contact with the placenta to the 

inner third of the myometrium, it is associated with the 

loss of smooth muscles and the elastic layer of the vessel 

walls. The portion of the arteries directly below the 

endometrium / myometrium border is a specialized 

segment with a high contractile ability, which is believed 

to prevent excessive blood loss during menstruation. 

Scientists have suggested
[22]

 that in the event of PE 

development, the preservation of this segment causes a 

predisposition to spontaneous vasoconstriction and 

damage due to ischemia and reperfusion. The steps that 

occur in vivo are currently unknown, but various options 

are possible. Ischemia episodes can lead to a decrease in 

intracellular glucose concentrations, which potentially 

limits normal glycosylation in the endoplasmic 

reticulum, activating the response of unstructured 

proteins. Alternatively, ischemia will reduce the 

intracellular levels of adenosine triphosphate (ATP), 

disrupting the function of the glucose-regulated family of 

proteins GRP (Glucose-regulated protein) and, possibly, 

even Ca
2+

 -dependent ATPase of ion pumps in the 

membrane of the endoplasmic reticulum. Ischemia can 

also have a direct effect on the release of Ca
2+

 from the 

endoplasmic reticulum, changing the redox balance 

within the cell and affecting the thiol calcium channel 

protein groups. The loss of Ca
2+

 in the lumen of the 

endoplasmic reticulum will exacerbate the situation by 

disrupting the protein structuring mechanism and 

activating Ca
2+

 -dependent signal transduction pathways 

in the cytosol, which ultimately can lead to the opening 

of the mitochondrial transition pore membrane and the 

subsequent formation of active oxygen forms. The stress 

of the endoplasmic reticulum is chronic, probably since 

the end of the first trimester, since the development of 

the maternal circulation.
[20] 

Dilation of endoplasmic 

reticulum cisterns in syncytiotrophoblasts, indicating a 

violation of the endoplasmic reticulum homeostasis, has 

been described in PE. Thus, in 2011, researchers 

obtained the first molecular data on the activation of the 

response of unstructured proteins in the placenta in cases 

of stunted growth of the fetus during normotension and 

associated with early development of PE.
[11]

 In both sets 

of placentas, phosphorylation of the eukaryotic initiation 

factor 2α was observed - Eukaryotic Initiation Factor 

(elF2α), which was absent in the placenta from healthy 

pregnant women. The degree of phosphorylation of 

elF2α was higher in cases of delayed growth of the fetus 

and PE, suggesting a higher level of stimulation of the 

endoplasmic reticulum. Immunohistochemical analysis 

showed that these phenomena were localized mainly in 

syncytiotrophoblasts and the endothelial cells of the fetal 

capillaries.
[13]

 The effects of endoplasmic reticulum 

stress on the function of the placenta are diverse; they 

have just begun to be studied. Inhibition of protein 

synthesis as a result of elF2α phosphorylation has a 

number of consequences for the development of the 

placenta, since it involves a number of protein kinases 

(Akt) and other regulatory proteins. Akt plays a central 

role in cell proliferation, and the loss of their activity is 

likely to have a serious adverse effect on the 

development of the placenta. Reduced Akt levels were 

observed in JEG-3 cells after exposure to hypoxia, 

reoxygenation, and glucose deficiency. Turning off Akt1 

in the experiment (in mice) resulted in delayed growth of 

the placenta and fetus, confirming the relationship 

between Akt phosphorylation levels and the mass of the 
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placenta.
[2]

 Cyclin D1 is another protein that is seriously 

affected by the response of unstructured proteins; it was 

reported about its significant shortage in the cents during 

fetal growth retardation, including in combination with 

PE. Although no direct evidence has been obtained that 

changes in Akt and cyclin D1 play a causal role, they 

correspond to a smaller placental phenotype observed 

with fetal growth retardation, and more so with fetal 

growth retardation in combination with PE.
[2,8]

 

Syncytiotrophoblasts also synthesize a wide range of 

growth factors, such as vascular endothelium growth 

factor and members of the family of insulin-like growth 

factors, which can act auto or paracrine. Reduced 

synthesis or loss of function due to improper structuring 

of proteins, apparently, can have an adverse effect on the 

development of the placenta. The placenta is an 

endocrine organ that secretes peptides and steroid 

hormones, which in turn have a multifaceted effect on 

the physiology and metabolism of the mother. 

 

Despite the wide recognition that the activation of 

maternal endothelial cells represents the second stage of 

PE syndrome, there are no morphological studies that 

would be performed on the endothelial cells of the 

peripheral vessels of women with PE. Thus, it is 

currently not possible to determine whether endoplasmic 

reticulum stress occurs in endothelial cells and whether 

this can contribute to an increase in TNFα levels. There 

are reports describing the dilatation of the endoplasmic 

reticulum in the endothelial cells of umbilical vessels, 

indicating a loss of homeostasis of the endoplasmic 

reticulum.
[23]

 If the same pathology is noted in 

endothelial cells in PE, it is possible that the stress of the 

endoplasmic reticulum is not limited to the placenta in 

vascular complications of gestation. The factors released 

during damage to endotheliocytes cause damage to the 

endothelium and its dysfunction in the distal regions of 

the spiral arteries, which explains the occurrence of 

systemic effects observed in severe PE. Some of these 

factors belong to the class of anti-angiogenic proteins, 

which include FMS-like tyrosine kinase-1 (sFLT-1, 

soluble FMS-like tyrosine kinase). sFLT-1 binds 

vascular endothelial growth factor (VEGF), inhibiting 

VEGF signaling, resulting in hypertension, proteinuria, 

and glomerular endotheliosis. Endoglin is another anti-

angiogenic protein identified as a PE agent possibly 

involved in the pathogenesis of PE. This glycoprotein, 

located on the cell surface, is a β-receptor coreceptor of a 

transforming growth factor that interacts with sFLT-1, as 

a result of which PE can develop. Elevated levels of 

endoglin were observed in women who subsequently 

developed PE.
[24]

 A reduced number of cytotrophoblasts 

or their absence, caused either by an inflammatory 

process or by exposure to mononuclear (MNC) cells, can 

also be a cause of impaired remodeling of the spiral 

arteries, which results in a pathological condition 

characterized by intense blood flow and increased 

pressure in the vessels. Therefore, the myometrium of 

pregnant women with PE remains susceptible to the 

effects of endogenous and exogenous adrenergic 

stimuli.
[13]

 The “intense blood flow / high blood 

pressure” condition that exists in spiral arteries with 

incomplete gestational rearrangement leads to 

hemodynamic stress of the endothelium. In addition, the 

emerging placenta is under threat of ischemia-

reperfusion injury due to spontaneous vasoconstriction of 

the maternal arteries. These injuries lead to the rapid 

formation of reactive oxygen radicals, which, in turn, 

contributes to further traumatization of the endothelium 

and microthrombus formation.
[3,5]

 

 

Risk Factors 

Well-known factors, the presence of which gives the 

basis to refer the patient to a high risk group for the 

development of PE: PE in history, age over 40 years, 

chronic autoimmune diseases, family history of PE, 

diabetes mellitus type 1, multiple pregnancy, lack of 

childbirth in history, obesity, preexisting hypertension 

and kidney disease. The most important factor is the 

presence of PE in history: the risk of developing PE 

during subsequent pregnancy increases by 7.6 times.
[3]

 

When a child is pregnant, the developmental risk of 

developing PE is 3.0, and during a triple pregnancy, it 

increases even more.
[6]

 Despite efforts to identify risk 

factors that lead to the occurrence of PE, at least 2/3 of 

cases of PE develop in nulliparous people in the absence 

of other significant risk factors. Most women whose 

pregnancy is complicated by PE are primiparous (73.1%) 

over the age of 34 (37.2%), with overweight/obesity 

(44.7%).
[5]

 Stress (45.5%), the presence of PE in family 

history (17.2%), anxiety associated with childbirth 

(16.2%), and lack of sleep (10.1%) were the most 

common estimated trigger factors for PE in 34, 6% of 

respondents.
[1]

 The relationship between the use of ART 

and hypertensive complications of gestation has been 

established. This relationship can be explained by a 

number of differences between pregnancies with natural 

fertilization and pregnancies after ART: effects on the 

endometrium due to controlled stimulation of the 

ovaries, differences in the implantation process due to 

the fact that the formation of trophoblast in ART is in 

vitro, but not in vivo. The use of DOs in ART programs 

is a risk factor for the development of PE compared to 

IVF cycles with their own oocytes with a weighted odds 

ratio (OR) calculated using a random effects model 

(heterogeneity between studies). There is no 

unambiguous opinion on whether the transfer of embryos 

obtained in ART programs with TO, is a risk factor for 

the development of PE is not yet. However, recipients of 

ART programs with DO are pregnant women of late 

reproductive age, usually with inadequate ovarian 

function and many other factors independently 

associated with PE. A meta-analysis of 11 studies 

performed by A. Blazquez, D. Garcia et al. (2016), 

showed that the prevalence of PE in pregnancy with the 

use of TO was 17.2% [95% confidence interval (CI) - 9–

29%], whereas in pregnancy after ART with autologous 

oocytes, this indicator was 5.7% (95% CI - 0–13%) (χ2 - 

246.5; p <0.001). 10 of the 11 studies included in the 

meta-analysis reported an increased risk of developing 
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PE during pregnancy with a TO compared to that with a 

pregnancy with its own oocyte. The weighted OR value 

was 2.9. The meta-analysis procedure showed that 

multiple pregnancies (score = 0.08; p = 0.19) and 

patient's age (score = −2.29; p = 0.13) did not 

significantly contribute to the effect of DO on the 

development of PE. However, the obtained values of p 

demonstrate that there is a tendency to achieve a level of 

significance for the relationship between age and the 

effect of DO on the development of PE.
[11]

 

 

Screening Procedure 

For population-based screening for PE, it is 

recommended to use the most reliable clinical markers of 

PE, determined antenatally. Since no single analysis can 

accurately predict PE in clinical practice, interest has 

emerged in studying multifactor models, including 

available clinical and laboratory prognostic factors. 

These models for calculating the risk of PE are based on 

the separation of factors into particularly significant and 

secondary.
[16]

 Patients are shown counseling by 

specialized specialists (therapist, cardiologist, urologist, 

endocrinologist, etc.) in the presence of one significant 

factor or ≥2 secondary risk factors. Half of the women 

from those who subsequently may develop PE can be 

identified using this model.
[10]

 

 

The risk markers of PE available in the II and III 

trimester include: 

- Indicators of perfusion of the placenta, vascular 

resistance, and morphology (average maternal blood 

pressure in the II trimester, daily monitoring of 

mean blood pressure, Doppler); 

- Maternal cardiac output and systemic vascular 

resistance; 

- Placental endocrinological indicators (plasma-

associated A protein associated with pregnancy, α-

fetoprotein, free β-subunit human chorionic 

gonadotropin, inhibin A); 

- Maternal renal function (serum uric acid or 

microalbuminuria); 

- Maternal endothelial function and interaction of 

endothelium and platelets (platelet count, 

antiphospholipid antibodies or homocysteine); 

- Oxidative stress (serum lipids); 

- Circulating angiogenic factors; 

- Dopplerography of uterine arteries in the first 

trimester may be a useful indicator, but it requires 

additional evaluation in actual practice.
[19]

 Many 

clinically available biomarkers were evaluated, but 

none of the above diagnostic and clinical methods 

reached an ideal sensitivity of ≥90% for predicting 

PE. Only dopplerometry of the uterine arteries in the 

period of 20–24 weeks has a sensitivity of> 60% for 

the detection of PE, subject to a number of 

restrictions at the time of the examination: 

- Pregnant woman is at increased risk of developing 

PE; 

- Research is carried out in the II trimester; 

- To predict severe and early PE. 

In women with abnormal dopplerometry of the uterine 

arteries, more careful observation should be considered 

to identify PE and the risk of other adverse outcomes. In 

a low-risk population, this method is not effective for 

predicting PE.
[13]

 

 

Routine screening for thrombophilia in the presence of 

PE in the history is not recommended, except for women 

who meet the clinical criteria of antiphospholipid 

syndrome.
[8]

 

 

Prevention 

An effective method involving the complete prevention 

of PE has not been developed until recently. Perhaps this 

can be explained by the fact that the formation of the 

pathogenetic links of the disease occurs over the course 

of weeks until the patient begins to manifest 

symptoms.
[2]

 Therefore, prophylactic measures should be 

carried out until 16 weeks, when gestational 

reconstruction of the spiral arteries of the uterus occurs. 

Such early interventions have the greatest potential to 

reduce the risk of developing early PE. The list of 

recommendations for the prevention of PE has a number 

of nuances depending on the risk category.
[3]

 

 

Dose adjustment of aspirin based on platelet function 

tests can improve its efficacy in the prevention of PE in 

women at higher risk. Low-molecular-weight heparins 

(LMWH) in prophylactic doses are associated with 

minimal risk for the mother and theoretically for the 

fetus since they do not penetrate the placental barrier. 

Severe allergic reactions are rare (1.2%), and no heparin-

induced thrombocytopenia was detected. The 

prophylactic use of LMWH was rarely associated with 

ante- (0.42%) and intrapartum hemorrhage (0.92%), as 

well as with a hematoma of a wound after a cesarean 

section or vaginal delivery (0.65%). Admission of 

LMWH can be stopped at 34–36 weeks to avoid intra- 

and postnatal risk. The independent role of concomitant 

use of aspirin requires clarification.
[7]

 

 

CONCLUSION 
 

Hypertensive complications of gestation largely 

determine maternal and perinatal morbidity and 

mortality. PE develops after the 20th week of pregnancy 

and is permitted after delivery; diagnosed in the presence 

of hypertension, proteinuria, or objective and subjective 

symptoms of target organ damage. It is important for 

clinicians to assess properly long-term maternal 

morbidity since PE is highly correlated with a lifelong 

risk of developing chronic hypertension and renal failure. 

Despite the fact that specific series of events leading to 

the development of PE are not fully known yet, several 

new pathogenetic mechanisms have been established. 

Stress of the endoplasmic reticulum is one of the 

components of the group of the total cellular response to 

stress. There are complex interactions between it and 

oxidative stress, and it is likely that with many 

complications both of these conditions will occur 

simultaneously. The intense secretory activity of 
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syncytiotrophoblasts makes them vulnerable to the stress 

of the endoplasmic reticulum, which is confirmed by the 

results of molecular and morphological studies. There 

are numerous consequences for the development and 

function of the placenta, including a decrease in cell 

proliferation and activation of proinflammatory pathways 

with the participation of the mother’s immune system. 

 

Infectious diseases, certain drugs, activation of the 

complement system and neutrophils, as well as the 

release of human neutrophil proteins, extracellular DNA, 

histones, etc., can trigger the development of an acute 

episode of TMA / TTP. The scope of our knowledge 

about TMA has significantly expanded, despite the rarity 

of these diseases, but not all possible trigger factors of 

acute TTP are clear. Recent advances in ADAMTS13 

research allow us to confidence level to distinguish TTP 

from other TMA. Despite a number of advances in the 

diagnosis and treatment of TMA, mortality, 

exacerbations, and relapses remain a serious problem. In 

this regard, a deeper understanding of potential triggers, 

the selection of biomarkers to predict long-term results 

of treatment or relapse, as well as the development of 

new additional and more effective means of therapy are 

urgently needed. Despite the emergence of new 

diagnostic methods, treatment options and the 

continuation of research, the outcomes of some forms of 

TMA are not up to par, which indicates the need for 

further development. 
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