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ABSTRACT 
Research of the placental bed began in the late 50s of the last century, and was conducted by two independent groups of 

researchers who used various biopsy techniques. Histological confirmation that the biopsy material was taken from the 

placental bed was based on the presence of trophoblastic cells, villi, or altered spiral arteries. However, the absence of 

these morphological components did not indicate that the sample was not taken from the placental bed.  
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DISCUSSION 
Basic information about the role of 

cytotrophoblast invasion in the utero-placental area 
(placental site) and insufficient gestational 
restructuring of the endo - and myometrial spiral 
arteries in PE was obtained in the 80's and described 
in classic studies [95]. There are two types of 
cytotrophoblast-interstitial (ICT) and invasive, which 
penetrates the lumen of endometrial arteries-
intravascular CT (IVCT). The maximum invasive 
activity of ICT and IVCT is realized at the 5th-8th 
week of gestation, when their combined action leads 
to arose of the spiral arteries and the formation of 
their mouth opening into major since space of 
placenta. As a result, during the first trimester, 
several dozens of utero-placental arteries are formed 
in the endometrium, which increases the flow of 
oxygen to the intensively growing organs of the 
embryo. After a certain decline in cytotrophblastic 
invasion at the end of the first trimester, probably due 
to the disappearance of the hypoxic stimulus, a new 
rise in invasive activity begins — its second wave, 
reaching a maximum at the 16th— 18th week. It 
spreads mainly in the arteries of in the artery of 
adjoining myometrium. A number of authors believe 
that the main mechanism of endothelium and 
elastomuscular components of the walls of 
myometrial segments of spiral arteries destruction is 
intravascular invasion, when the CT moves against 
the flow of maternal blood. Absence of gestational 
restructuring of the myometrial segments of the spiral 
arteries is a significant link in the pathogenesis of 

preeclampsia. This is due to the superficial or 
shortened cytotrophblastic invasion during its second 
wave. The progress of biomedical researches has 
significantly expanded our knowledge of the 
placental bed. It is known that in PE there is no 
physiological reconstruction (remodeling) of spiral 
arteries, which consists of decidual and trophoblast-
dependent stages. These processes occur in the 
decidual and transitive junction zone (TJZ) of arteries 
myometrial segments. In decidua, early vascular 
remodeling is at least partially performed by 
leukocyte infiltration, including uterine NK-cells that 
appear during early endometrial decidualization in 
the late luteal phase of the cycle and cluster around 
spiral arteries at the beginning of the remodeling 
process [46]. NK-cells play an important role in 
trophoblast invasion and remodeling of spiral 
arteries. Uterine NK-cells are an important source of 
angiogenic growth factors and, unlike peripheral 
blood NK-cells, do not have cytotoxic activity, 
especially in relation to trophoblast cells, but they 

produce high levels of cytokines: γ-interferon (IFN-

γ), interleukin (IL)-10, granulocytmacrophagal 
colony-stimulating factor (GM-CSF), leukemia-
inhibiting factor (LIF), tumor necrosis factor (TNF-

α) [27]. 
Human trophoblast cells don't have the so-

called classical human leukocyte antigens of class I 
of the main histocompatibility complex (HLA-A and 
HLA-B), which are targets for the cytotoxic action of 
NK cells of peripheral blood. At the same time, 
trophoblast cells express HLA-C, HLA– E, and HLA 
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– G, which interact with NK cells of the 
endometrium and decidual tissue and are involved in 
the development of pregnancy. Early vascular 
smooth muscle disorganization also occurs in PJZ of 
myometrium, where NK cells are absent. Thus, NK 
cells play an important role in trophoblast invasion 
and remodeling of spiral arteries. NK cells help 
replace endothelial cells in the spiral arteries with 
trophoblast cells, which allows the spiral arteries to 
provide ever-increasing blood flow needs in a 
physiologically developing pregnancy. However, in 
PE, expression on decidual NK cells of the AA 
variant the killer cell immunoglobulin-like receptors 
(KIR AA) and on trophoblast cells - HLA – C2 is 
often found, which leads to insufficient NK cell 
function, decreased production of vascular 

endothelial growth factor (VEGF) and IFN-γ, and 
impaired remodeling of spiral arteries. In contrast to 
decidual tissue, vascular remodeling in myometrium 
is enhanced by the presence of interstitial 
trophoblastic cells and angiogenic growth factors 
localized in them, which contribute to the process of 
early vascular remodeling [1,5,11]. Only after this 
stage of vascular disorganization, endovascular 
trophoblasts appear in the spiral arteries, followed by 
their inclusion in the vessel wall. During this process, 
the endothelium seems to disappear, while the 
smooth muscle and elastic layers of vessels are 
further fragmented due to trophoblast-induced 
apoptosis of endothelial and smooth muscle cells 
[1,4,8]. In PJZ of myometrium, there are 3 different 
types of spiral artery transformation disorders: partial 
transformation, no transformation, and no 
transformation with obstructive damage [1,12]. The 
described features of trophoblastic invasion, taken as 
a basis, provide important information about the 
formation of defective placentation in future. 

Spiral artery remodeling can be described as 
a multi-stage process that occurs at the beginning of 
pregnancy [11,25]. Two main factors are being 
determining in the blood flow from mother to 
placenta: the size of placental bed, which depends 
from the number of spiral arteries communicating 
with interstitial space, and the degree of 
physiological transformation of spiral arteries, which 
is most expressed in the center of the placental bed. 
Studies of the placental bed using biopsy confirm that 
most of spiral arteries undergo a complete change in 
PJZ of the myometrial segment, which is consistent 
with the results of ultrasound studies. Studies in the 
second trimester of pregnancy using pulse-Doppler 
method with staining showed that the resistance of 
blood flow in the central region of the placental bed 
is less than in the periphery. The results of three-
dimensional ultrasound Doppler screening study with 
the determination of the placental bed vascular index 
in the first trimester in 4325 pregnant women in 
comparison with the data of blood flow in the uterine 
arteries at 12 and 22 weeks, the volume of placenta 

and the concentration of PAPP-A revealed a high 
prognostic significance of determining the placental 
bed vascular index in the development of severe 
pregnancy complications, including PE [8,4]. 

In severe PE, only some of spiral arteries in 
the center of the placental bed are completely 
transformed into PJZ of the myometrial segment. In 
addition, obstructive artery damage (such as 
thrombosis, acute atherosis) can lead to or contribute 
to incomplete placentation. The placental bed of 
patients with PE is characterized by decreasing the 
number of spiral arteries with a transformed 
myometrial segment. This segment preserves the 
hypertrophied structure of the smooth muscle layer, 
despite the presence of interstitial trophoblasts, 
sometimes even in excess amount [1,3,8,16]. The 
determined changes are more pronounced in 
myometrial than in decidual segments. The placental 
area in patients with PE and fetal growth restriction 
(FGR) is similar to that described in patients with PE. 
It is characterized by a large number of 
untransformed spiral myometrial arteries, which 
often have obstructive damage, such as acute 
atheroma and thrombosis. Acute atheroma is not only 
a characteristic damage of small decidual arteries, but 
also a typical damage of spiral myometrial arteries in 
PE and FGR. Impaired deep placentation in PE and 
FGR leads to the appearance of central zones with 
transformed arteries. The number of interstitial extra 
villous trophoblastic cells is reduced in PE and, 
conversely, increased in the cases of fetal growth 
restriction(FGR) [7,14,22]. The extent of the 
impaired transformation of spiral arteries of 
myometrium and the presence of its obstructive 
vascular damages explain the frequent combination 
with placental infarctions. 90% of spiral arteries in 
PJZ myometrium of the placental area are completely 
transformed in the normal course of pregnancy. 
Comparison of certain clinical situations and the 
degree of severity of spiral artery remodeling 
disorders suggested that the process of cyclic 
decidualization and subsequent menstruation serves 
as a mechanism for preparing the uterus for deep 
placentation. Both menstruation and implantation are 
inflammatory conditions that cause certain 
physiological ischemic-reperfusion tissue stress. 
According to the authors, regular menstruation can be 
crucial in protecting the uterine tissue from deep 
inflammatory and oxidative stress associated with 
deep placentation. This process is called 
"preconditioning" [11]. The lack of adequate 
"preconditioning" may explain why the first 
pregnancy in young women under 20 years of age is 
associated with a significant risk of adverse outcomes 
(preterm birth, FGR and PE), compared to the first 
pregnancy in women after 20 years of age who have 
experienced "preconditioning". On the other hand, 
placental abnormalities even at preclinical stages are 
present in patients with PE and FGR. In such 
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conditions, impaired deep placentation is 
characterized by the presence of untransformed spiral 
arteries of the PJZ, which can be affected by 
obstructive vascular injuries. Arterial injuries such as 
intima hyperplasia, acute atheroma, and thrombosis 
can develop in these arteries in a very short period of 
time, even with slight hypertension. The combination 
of obstetric complications and various vascular 
diseases in the connective zone of myometrium 
indicates that "preconditioning" in this zone during 
fertilization can be a crucial factor for successful 
implantation and normal placentation. Currently, 
there is strong evidence that the pathology of the 
placental bed due to ischemia and immunologically 
mediated processes leads to various complications of 
pregnancy (PE, FGR, premature birth, premature 
rupture of fetal membranes in premature pregnancy, 
placenta abruption). And the development of one of 
these complications depends on genetic factors, 
environmental factors, pregnancy, duration and 
prevalence of the ischemic zone. In addition, the 
determination of the clinical phenotype and the 
severity of its manifestations depend on the state and 
interaction of mother-placenta-fetus system [1,6,9]. 
The limited number of studies and reviews, and the 
lack of established criteria for separating early and 
late PE, suggests that additional research is needed to 
determine whether these two forms are separate 
diseases or stages of the same process. Also, most of 
the researches in this direction belongs to placental 
research, but only a few studies are devoted to the 
study of placental site tissues. In this regard, taking 
into consideration the close relationship of the 
placenta and placental bed, the lack of detailed data 
on changes in the tissues of the placental bed and 
placenta's condition, depending on different variants 
of the course of PE, the presence or absence of 
accompanying fetal growth restriction syndrome, 
further researches in this direction are required. 
Prevention of severe preeclampsia / 
eclampsia. 

Scientists of different specialties 
(cardiologists, obstetricians, gynecologists, 
geneticists) have been paying much attention to the 
problem of PE for many decades, but despite the 
results obtained, there is still no accurate information 
about the causes and pathogenesis of the disease, 
reliable laboratory methods of diagnosis have not 
been developed yet, so there are no effective 
measures of prevention and treatment. It is clear that 
interventions should be taken as early as possible, 
ideally before pregnancy. Despite the fact that there 
is strong data on risk factors for PE, there is still no 
information in literature about simple, safe, non-
invasive and inexpensive screening methods that 
would be preventive for severe PE. In the past, such 
methods as strict bed rest and a salt-free diet were 
indicated, which later proved to be ineffective. Then 
there were works on the role of ascorbic acid 

(vitamin C) and other vitamins in the prevention of 
PE. It was found that a decrease in blood plasma of 

vitamin C, E and β-carotine is associated with severe 
PE [5,7,17]. However, these phenomena were 
explained by the body's response to oxidative stress, 
but not by a lack of nutrients. Supplements of fish oil 
or omega-3 polyunsaturated fatty acids showed a 
decrease in prostacyclin levels (an increase of this 
indicator occurs in PE) [23,25]. However, it has not 
been established whether mild or severe PE can be 
prevented by these additives. The supplementation of 
certain minerals (zinc, magnesium, cadmium, 
selenium, zinc) in the prevention of PE has 
conflicting data. For example, the concentration of 
zinc in plasma, red blood cells and placental tissues 
in pregnant women with PE decreases. One large 
randomized clinical trial showed that magnesium 
supplementation does not affect the development of 
PE. This was due to the fact that oral magnesium 
intake does not have a good absorption effect 
[4,6,8,17]. Studies have shown that the concentration 
of calcium in plasma of patients with PE is 
significantly lower than in plasma of healthy women. 
A series of randomized controlled clinical trials 
showed the benefits of calcium supplementation in 
4500 women at low risk of PE [7,10,18]. 

Several randomized placebo-controlled 
double-blind clinical trials have been conducted since 
1993, involving 22,000 women who have 
demonstrated the benefits of low doses of aspirin in 
preventing PE and the absence of adverse effects on 
mother and fetus [5,9,22].   However, the literature 
does not support the view that low doses of aspirin 
are used to prevent PE in low-risk women. In women 
at high risk for PE, preventive aspirin administration 
can reduce PE development by 13%. [3,5,9,27]. 

Since PE is associated with coagulation 
disorders, it was suggested to treat with 
anticoagulants in order to prevent PE. Research 
results have shown that in a group of women at high 
risk of PE, combined administration of aspirin and 
low-molecular-weight heparin (LMWH) can improve 
pregnancy outcomes (low birth weight and perinatal 
outcomes) [3,8,13] 

In 2019, a multicenter randomized controlled 
trial was conducted in Uzbekistan [7,14,24] showed 
that timely treatment of women with chronic diseases 
complicated by placental dysfunction and the risk of 
pre-eclampsia with inclusion of L-arginine in the 
treatment regimen in the second and early third 
trimester of pregnancy improves perinatal outcomes, 
improves utero-placental blood circulation, reduces 
the progression of mild to severe PE, which allows to 
prolong pregnancy until delivery.  

Summarizing the literature review, it should 
be noted that there are no clinically significant 
methods for predicting and preventing PE. The only 
successful method of treatment is the timely 
termination of pregnancy. In this regard, in modern 
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conditions, the only real way to reduce severe forms 
of PE and its complications is prediction, early 
diagnosis, development and implementation of a 
clear algorithm for monitoring and treatment, 
depending on the severity of PE. 

 
REFERENCES 

1. Amaral TAS, Ognibene DT, Carvalho LCRM, 

Rocha APM, Costa CA, Moura RS, Resende 

AC.Differential responses of mesenteric arterial 

bed to vasoactive substances in L-NAME-induced 

preeclampsia: Role of oxidative stress and 

endothelial dysfunction.Clin Exp Hypertens. 

2018;40(2):126-135. doi: 

10.1080/10641963.2017.1339073. Epub 2017 Jul 

20. 

2. Aukes A.M., De Groot J.C., Wiegman M.J. et al. 

Long-term cerebral imaging after pre-eclampsia. 

BJOG 2012; 119: 9:1117—1122. 

3. Caillon H, Tardif C, Dumontet E, Winer N, 

Masson D.Evaluation of sFlt-1/PlGF Ratio for 

Predicting and Improving Clinical Management 

of Pre-eclampsia: Experience in a Specialized 

Perinatal Care Center.Ann Lab Med. 2018 

Mar;38(2):95-101. doi: 

10.3343/alm.2018.38.2.95. 

4. Chou MC, Ko CW, Chiu YH, Chung HW, Lai 

PH.Effects of B Value on Quantification of Rapid 

Diffusion Kurtosis Imaging in Normal and Acute 

Ischemic Brain Tissues. J Comput Assist Tomogr. 

2017 Nov/Dec;41(6):868-876. doi: 

10.1097/RCT.0000000000000621. 

5. Evans C.S., Gooch L., Flotta D. et al. 

Cardiovascular system during the postpartum 

state in women with a history of preeclampsia. 

Hypertension 2011; 58: 57—62. 

6. Global causes of maternal death: a WHO 

systematic analysis / L. Say, D. Chou, A. 

Gemmill, O. Tuncalp // The Lancet Global Healt. 

— 2014. — Vol. 2, issue 6. —P.e323—e333 

7.  Jansson T., Myatt L., Powell T.L. The role of 

trophoblast nutrient and ion transporters in the 

development of pregnancy complications and 

adult disease. Curr Vasc Pharmacol 2009; 7: 4: 

521—533. 

8. Mikhail MS, Anyaegbunain A, Garfinkel D, 

Palan PR, Basu J, Roinney SL. Preeclanmpsia 

and antioxidant nutrients: Decreased plasmia 

levels of reduced ascorbic acid, alpha-

tocopherol. and beta-carotene in women with 

preeclanipsia. Am J Obstct Gynaecol 

1994:171:150;  

9. Okby R, Harlev A, Sacks KN, Sergienko R, 

Sheiner E.Preeclampsia acts differently in in 

vitro fertilization versus spontaneous twins.Arch 

Gynecol Obstet. 2018 Jan 4. doi: 

10.1007/s00404-017-4635-y. 

10. Powe C.E., Levine R.J., Karumanchi, S.A. 

Preeclampsia, a disease of the maternal 

endothelium. The role of antiangiogenic factors 

and implications for later cardiovascular 

disease. Circulation 2011; 123: 2856—2869. 

11. Rahimi Z, Zangeneh M, Rezaeyan A, Shakiba E, 

Rahimi Z.MMP-8 C-799T and MMP-8 C+17G 

polymorphisms in mild and severe preeclampsia: 

Association between MMP-8 C-799T with 

susceptibility to severe preeclampsia.Clin Exp 

Hypertens. 2018;40(2):175-178. doi: 

10.1080/10641963.2017.1346115. Epub 2017 Jul 

26. 

12. Rao H, Bai Y, Zhang F, Li Q, Zhuang B, Luo X, 

Qi H.The role of SATB1 in HTR8/SVneo cells 

and pathological mechanism of preeclampsia.J 

Matern Fetal Neonatal Med. 2018 Jan 7:1-151. 

13. Schiff E, Friedm-an SA, Stamapfer M, Kao L, 

Barre~tt PH, Sibai BM. Dietary consumimptiori 

and plasmla concentration~s of vitarlin E in pr-

egnancies complicated by preeclanilpsia. Am J 

Obstet Gynecol -199)6; 1 75:10f24-8 

14. Shi DD, Guo JJ, Zhou L, Wang 

N.Epigallocatechin gallate enhances treatment 

efficacy of oral nifedipine against pregnancy-

induced severe pre-eclampsia: A double-blind, 

randomized and placebo-controlled clinical 

study.J Clin Pharm Ther. 2018 Feb;43(1):21-25. 

15. Shin YY, Jeong JS, Park MN, Lee JE, An SM, 

Cho WS, Kim SC, An BS, Lee KS.Regulation of 

steroid hormones in the placenta and serum of 

women with preeclampsia.Mol Med Rep. 2018 

Feb;17(2):2681-2688. doi: 

10.3892/mmr.2017.8165. Epub 2017 Nov 27 

16. Sonek J, Krantz D, Carmichael J, Downing C, 

Jessup K, Haidar Z, Ho S, Hallahan T, Kliman 

HJ, McKenna D.First-trimester screening for 

early and late preeclampsia using maternal 

characteristics, biomarkers, and estimated 

placental volume.Am J Obstet Gynecol. 2018 

Jan;218(1):126.e1-126.e13. doi: 

10.1016/j.ajog.2017.10.024. Epub 2017 Oct 31. 

17. Strand K.M., Heimstad R., Iversen A.C. et al. 

Mediators of the association between pre-

eclampsia and cerebral palsy: population based 

cohort study BMJ 2013; 347: 4089. 

18. Timofeeva AV, Gusar VA, Kan NE, 

Prozorovskaya KN, Karapetyan AO, Bayev OR, 

Chagovets VV, Kliver SF, Iakovishina DY, 

Frankevich VE, Sukhikh GT. Identification of 

potential early biomarkers of preeclampsia. 

Placenta. 2018 Jan;61:61-71. doi: 

10.1016/j.placenta.2017.11.011. Epub 2017 Nov 

21. 

19. Vikse B.E., Irgens L.M., Leivestad T. 

Preeclampsia and the risk of end-stage renal 

disease. N Engl J Med 2008; 359: 800—809. 

20.  Volpe M. Microalbuminuria screening in 

patients with hypertension: recommendations for 

сlinical practice. Int J Clin Pract 2008; 62: 1: 

97—108. 

21. Wang Y, Shi D, Chen L.Lipid profile and 

cytokines in hypertension of pregnancy: A 

comparison of preeclampsia therapies.J Clin 

Hypertens (Greenwich). 2018 Jan 6. doi: 

10.1111/jch.13161.  

22. Williams D. Long-term complications of 

preeclampsia. Semin Nephrol 2011; 31: 1: 111—

122. 

23. Wu C.S., Sun Y., Vestergaard M. et al. 

Preeclampsia and risk for epilepsy in offspring. 

Pediatrics 2008; 122: 5: 1072—1078. 



                                                                                                                                                             ISSN (Online): 2455-3662 
  EPRA International Journal of Multidisciplinary Research (IJMR) - Peer Reviewed Journal 

Volume: 6 | Issue: 8 | August 2020 || Journal DOI: 10.36713/epra2013 || SJIF Impact Factor: 7.032 ||ISI Value: 1.188 

 
 

                                                               2020 EPRA IJMR    |     www.eprajournals.com   |    Journal DOI URL: https://doi.org/10.36713/epra2013 452 

24. Young B., Hacker M.R., Rana S. Physicians' 

knowledge of future vascular disease in women 

with preeclampsia. Hypertens Pregnancy 2011; 

31: 1: 50—58. 

25. Рadmini E., Lavanya S. Over expression of 

HSP70 and HSF-1 in endothelial cell during 

preeclamptic placental stress. ANZJOG 2011; 

51: 1: 47—52. 

26.  Akcora Yildiz D, Irtegun Kandemir S, Agacayak 

E, Deveci E. Evaluation of protein levels of 

autophagy markers (Beclin 1 and SQSTM1/p62) 

and phosphorylation of cyclin E in the placenta 

of women with preeclampsia. Cell Mol Biol 

(Noisy-le-grand). 2017 Dec 30;63(12):51-55. 

doi: 10.14715/cmb/2017.63.12.12. 

27. Kerley RN, McCarthy C, Kell DB, Kenny LC. The 

Potential Therapeutic Effects of Ergothioneine in 

Pre-eclampsia.Free Radic Biol Med. 2017 Dec 

25. pii: S0891-5849(17)31282-0. doi: 

10.1016/j.freeradbiomed.2017.12.030. 
 


