Hayka u 3apaBooxpanenue, 2024 T.26 (3) O030p JuTEPATYPHI

Received: 02 March 2024 / Accepted: 02 June 2024 / Published online: 30 June 2024
DOI 10.34689/SH.2024.26.3.020

UDC 618.3-06

FEATURES OF PREECLAMPSIA COURSE AT IVF-INDUCED
PREGNANCY: LITERARY REVIEW

Tatyana S. Slobodchikova?, https://orcid.org/0000-0003-2422-4722
Marina R. Izmailovich'*, https://orcid.org/0000-0001-8128-4356
Zhanna T. Amirbekoval, https://orcid.org/0000-0003-4254-1094
Dana Zh. Tayzhanova 1, https://orcid.org/0000-0001-6971-8764
Anna V. Skvortsova, https:/lorcid.org/0000-0003-2200-2173
Dmitriy V. Vazenmiller1, https://orcid.org/0000-0003-4976-3992
Ramil T. Mustafin2, https://orcid.org/0000-0002-6454-3747

Kanan F. Tanriverdievs3, https://orcid.org/0009-0006-2659-4742
Zarina T. Shaikhinat, https://orcid.org/0009-0006-0717-139X

LNPJSC «Karaganda Medical University», Karaganda, Republic of Kazakhstan;
2EcolLife Clinic, Astana, Republic of Kazakhstan;
®LLP «Polyclinic 15», Karaganda, Kazakhstan.

Abstract

Introduction: Preeclampsia, a multifactorial condition with a strong genetic influence, complicates pregnancy, childbirth,
and the postpartum period, remaining a significant cause of maternal mortality. Despite modern diagnostic methods,
screenings, and preventive measures, the incidence of preeclampsia remains unchanged. The increasing age of women
planning pregnancy and the use of assisted reproductive technologies, such as IVF with donor oocytes, increase the risk of
pregnancy complications.

This study aims to study the features of preeclampsia development in older women with IVF-induced pregnancies.

Search strategy: Both Russian and English articles, found in CyberLeninka, PubMed, Scopus, Google Scholar, and e-
Library using keywords and medical headings from 2012 to 2024, were used. The review included 83 articles on the clinic,
diagnosis, screening, and prevention of preeclampsia.

Results: Preeclampsia, a common complication of pregnancy, has a negative impact on the health of both the mother
and the child. There is insufficient knowledge about the pathogenesis and prevention of this complication. The only effective
treatment for preeclampsia is delivery; however, determining the optimal timing of delivery for the fetus presents a challenge,
considering that prolonging pregnancy worsens the mother's condition. The duration of pregnancy directly increases the risk
of lethal complications for the mother. Premature delivery, in turn, threatens the immaturity of the newborn's organs and
systems, which can lead to vision, lung, and brain problems in the future. Early diagnosis and prevention of preeclampsia
can significantly improve pregnancy outcomes for both the mother and the child.

Conclusion: Further research is needed to clarify the relationship between preeclampsia and chronic conditions during
pregnancy. Early and reliable diagnostic markers for preeclampsia are required to initiate prevention and determine the
optimal time for delivery. This, in turn, facilitates pathogenically justified preventive therapy from the early stages of
pregnancy, reducing the economic burden of managing severe preeclampsia during pregnancy.
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BeepeHue: [Npeaknamncus, MynbTidakTopuansHoe 3aboneBaHue C BbICOKMM TEHETUYECKUM BIINSHUEM, OCIOXHSET
6epeMeHHOCTb, podbl U NOCNEPOOBOI NepUOd, 0CTABAsACh 3HAYNTENBHON NPUYMHON MATEPUHCKO CMEPTHOCTU. HecMoTpst
Ha COBPEMEHHbIE METOZbI AMArHOCTUKW, NPOBOAUMBIE CKPUHUHTA 1 MPOGUNAKTUKY, YacTOTa NPESKMNAMMCUI HE CHINKAETCS.
YBenuueHue BO3pacTa XeHLUMH, NnaHupylowmux 6epeMeHHOCTb, W WUCMONb30BaHME BCMOMOraTenbHbIX PenpoayKTUBHbIX
TeXHomorun, Takix kak OKO ¢ JOHOPCKMMM 00LMTaMK, YBENUYMBAIOT PUCK OCIIOKHEHWUA BepeMeHHOCTH.

Llenb uccnepoBaHusi: M3yunTb OCODEHHOCTM pa3BUTUSI MPEIKNAMMCAW Y KEHLWMH CTapLUero PenpomyKTUBHOMO
Bo3pacTa npu IKO-uHayLmMpoBaHHON BepeMeHHOCTH

Crparterusi noucka: bbinu MCnomnb3oBaHbl kak PyCCKOA3bIYHbIE, TAK U @HMNONA3bIYHbIE CTaTbM, HAMAEHHbIE B MOUCKOBBIX
cuctemax CyberLeninka, PubMed, Scopus, Google Scholar, e-Library, no knto4eBbiM CrnoBam, ¥ MEAULMHCKAM
TeMaTUYECKUM 3arorioBkam cpean Matepuanos, onybnukoBaHHbIx ¢ 2012 no 2024 rr. B 0630p 6bi10 BkoueHo 83 cTathum,
NOCBSLLEHHbIX KIMHWKE, AMArHOCTUKE, CKPUHUHTY U MPOUNaKTMKE Npeaknamncuy.

PesynbTatbl: [lpeaknamncus, pacnpocTpaHeHHOE OCTOXHEHUE GepeMEeHHOCTH, OKa3biBaeT HeraTMBHOE BO3AENCTBNE
Ha 3g0poBbe MaTepu U pebeHka. HepocTaTouHbl 3HaHMS O naToreHede M NPouUNnakTUKe 3STOM OCHOXHEHHOCTM.
EanHCTBEHHBIM 3hheKTUBHBIM METOLOM NIEYEHUS NPEIKNAMNCUMN SBASETCS POAOPA3PELLEHIE, OOHAKO ONTUMAnbHBIA CPOK
POAOPa3peLLeHUst 4N1S Nofa NPeACTaBseT BbI30B, YUUTbIBAs, YTO NPOMOHrauns GepemMeHHOCTU yCyrybnseT cCOCTOsHME
matepu. [pogomKkUTenbHOCTL BepeMeHHOCTI NPOMOPLMOHANBHO YBENMYMBAET PUCK NeTarbHbIX OCIIOXKHEHWA AN MaTepy.
lMpexaeBpeMeHHOE POAOpa3speLLEHIe, B CBOI0 0Yepesb, YrPOXKAEeT HE3PENOCTLI0 OPraHOB U CUCTEM HOBOPOXAEHHOTrO, YTO
MOXET NpuBECTM K npobrnemMam CO 3peHMEM, NEerkMMu W ronoBHbIM MO3roM B Oyaywiem. PaHHAs guarHocTuka u
npodumnakT1ka NPeaknamncui MOryT 3Ha4YNTENBHO YNYYLLIMTL MCXoLbl BEpeMEHHOCTM AN MaTepu 1 pebeHka.

3akntoyeHue: peaknamncus accoLMmMpyeTes ¢ NPEXAEBPEMEHHBIMU POAAMH, OTCIIONKON NNaLeHTbl, BHYTPUYTPOOHON
3a[epXKOM pasBUTWS, HEOOCTaTOMHOM MAaccoi Tena HOBOPOXAEHHbIX, MepuHaTanbHOW CMEpTHOCTbI, a Takke
HapyLLEHWSIMI HEPBHOW M CEepAEeYHO-COCYAMCTON cucTeM Yy pebeHka u Oyaylmx KapAavOBacKyNsSPHBLIX OCMOXHEHWUH Y
maTtepu. Bonpoc 0 nepBUYHOCTM Npeaknamncuu Bo Bpemst GEPEMEHHOCTM UK ee CBS3M C XPOHUYECKMMU 3aboneBaHNAMH
TpebyeT AanbHeAWnX uccnefoBanuin. [ns ynyywenns 6epeMeHHOCTM M 300pOBbS HOBOPOXKAEHHBIX TPEBYIOTCS paHHME W
HaJeXHble QMarHOCTMYECKME MapKepbl MPe3KaMncuu, YTo NO3BOMUT HauyaTb NMPOGUNAKTMKY U ONpeaeniTb ONTUManbHoe
BpeMS pogopaspelueHns. 3To, B CBOKW O4vepedb, COLEMCTBYET MaTOreHeTUYeckn 0BOCHOBAHHOM NPOMNAKTUHECKO
Tepanun C HavanbHbIX cTagui OepeMEeHHOCTU, CHWXas 3KOHOMMYECKME 3aTpaTbl Ha ynpaBneHne OepeMeHHOCTbH C
TSKENOM Npeaknamncuen.

Knroyeebie criosa: npeaknamncusi, CKpUHUHe, OuazHocmuka npeaknamncuu, OKO, becnodue.
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Kipicne: T[lpeaknamncusi, reHeTVKanblK Scepi XOFapbl MyNbTU(AKTOPMbIK aypy, KYKTiNikTi, ©GocaHyabl xoHe
focaHFaHHaH KewiHri Ke3eHAi KublHOaTagbl, aHa eniMiHiH, MaHbi3gbl cebebi Gonbin kana Oepepi. [uMarHOCTWKaHbIH,
3amaHayu oficTepiHe, CKPUHUHITEP MeH NpodunakTUkara KapamacTtaH, npeaknamncus xuiniri Temengemengi. XykTinikti
xocnapsan oTbIpFaH 9MeNAepaiH XacbIHbIH, YIFatobl XaHe AOHOPIbIK ooLuTTepi 6ap OKY CHAKTbI KOMEKLLI penpoayKTUBTI
TeXHONorusnapabl KonaaHy XyKTiniKTiH, aCKbIHY KayniH apTTbipadbl.

3eptTeyaiH Makcatbl: IKO-uHAyKUMSNaHFaH XKYKTINIK KesiHOe erge xacTafbl penpodyKTUBTI XacTafbl arengepae
NpeaknaMmncusiHbIH, Jamy epeKLIenikTepiH 3epTTey
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I3pey ctpaterusicbl: OpbiC XoHe arbiNlbIH TiniHAeri Makananap, 2012 xwingaH 2024 xbinFa JediHri kesewae
XapusnaxsaH Matepuangap apacbiHga CyberLeninka, PubMed, Scopus, Google Scholar, e-Library i3gey xyiienepinge kint
ce3nep MeH MemuUMHarblk, TaKkbIpbiNTbiK, aigapnap 6oibiHwa Tabbingbl. Wonyra npeaknamncusHbiH, KIMHUKACHI,
AMArHOCTMKAChl, CKPUHUHTI XaHe anblH any 6oMbiHIWa 83 Makana eHrisingi.

Hatnxenep: lNpeaknamncus, XYKTINIKTIH Xui Ke3geceTiH ackblHybl, aHa MeH 6anaHbiH, AeHCaynbiFbiHA Tepic acep
eTefi. Byn ackblHyabIH naTtoreHesi MeH anabiH-any Typanbl 6inim xeTkinikcia. MpeaknamncusiHbl eMaeyaiH xanfbl3 THiMai
agici-b60caHy, anaiga XyKTifiKTiH y3apTbiNybl aHaHblH XaFganblH HalapraTaTbiHAbIFbIH €CKEpe OTbIPbIM, YPbIKTbIH
OHTalnbl Mep3iMi KMbIHAbIK Tyablpadbl. JKYKTINIKTIH, y3aKTblFbl aHa YLWiH eniMre ©KeneTiH acKblHynapablH KayniH
nponopuyoHangpl Typge apTTbipadbl. MepaiMiHen OypbiH BocaHy, ©3 Ke3eriHae, *aHa TyFaH HOpPECTeHiH MyLuenepi MeH
XYNENepiHiH, XeTinMereHairiHe Kayin TeHgipeai, Oyn 6onawakra kepy, ekne xaHe M npobrnemanapbiHa okenyi MyMKiH.
lMpeaknamncusiHbl epTe AWarHOCTWKanay XoHe angbiH anmy aHa MeH 0ana YLiH XKYKTiniK HoTWxenepiH aiTapnbikTan
XakcapTa anagsl.

KopbITbiHabl: [pesknamncus MepsiMiHeH 6ypblH GocaHyMeH, nnaueHTaHblH, GeniHyiMeH, XaTbIpilinik aamygsiH
TEXenyiMeH, XaHa TyFaH HopecTenephiH [eHe canMarblHbiH, XeTKinikcisgiriMeH, nepuHataniblk eniMMeH, coHpan-ak
HOpeCTeeri Xyiike XoHe XKYPeK-kaH TaMblprapbl XyMeciHiH Oy3binybiMeH xaHe aHapafbl 6onallak kapanoBackynspbl
ackblHynapmeH 6annaHbICTbl. XXYKTiniK Ke3iHgeri npeaknamncusiHblH, 6actanybl HEMECe OHbIH, CO3binMarbl aypynapmeH
GaitnaHbiCbl Typanbl KOCbIMLIA 3epTTeynep KaxeT. XKyKTinik neH xaHa TyFaH HopecTenepaiH AeHCay bIFbIH XaKcapTy YLUiH
NpeaKnamncusHbIH, epTe XeHe CeHiMAi AMarHoCTWKanblK Mapkeprepi kaxeT, Oyn npodwunakTukaHbl bacTtayra xeHe
OocaHyablH, OHTalNbl yakbITbIH aHblKTayFa MyMKiHOiK Gepeni. Byn e3 keseriHoe XyKTinikTiH 6actankbl ke3eHaepiHeH
BacTan naToreHeTWKarnblK HerisgenreH npounakTukanblK TepanusiHbl XeHinLeTeqi, ayblp NpeaknamncusMeH XKYKTIniKTi
BackapyblH 3KOHOMMKarbIK LWbIFbIHAAPLIH a3aiTagbl.

TyliHdi ce3dep: npeaknaMncusi, CKpUHUHe, npeaknamncusi duaeHocmukachkl, IKY, bedeyrik.
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Introduction developing preeclampsia include those with a history of
Hypertensive complications occur in approximately 10%  preeclampsia in a previous pregnancy or a family history of
of pregnant women worldwide, classified according to ICD-  preeclampsia from their mother and sisters, as well as
10 as chronic arterial hypertension, gestational ~ pregnancies following assisted reproductive technology
hypertension, preeclampsia, combined preeclampsia, and  programs [5].
eclampsia [4, 17]. Of particular interest are in vitro fertilization (IVF)
Preeclampsia, a complex syndrome affecting multiple ~ programs with donor oocytes, as these programs indirectly
bodily systems, manifests at a notably higher rate in  confirm the likelihood of developing preeclampsia due to
pregnancies involving multiple fetuses, emerging post the  allogeneic incompatibility [11, 61, 80].
20-week mark in women who previously exhibited normal The coexistence of extragenital conditions such as
blood pressure. It can lead to the development of chronic ~ persistent high blood pressure, chronic kidney disorders,
cardiovascular and neurological diseases, disability in the  systemic lupus erythematosus, antiphospholipid syndrome,
mother, and can also result in maternal and neonatal  as well as type 1 and type 2 diabetes, along with hereditary

mortality [8, 13]. thrombophilias, identifies individuals as predisposed to the
Preeclampsia develops in 6-12% of healthy pregnant  onset of preeclampsia during gestation [6].
women and in 20-40% of pregnant women with extragenital Moreover, contemplating one of the hypotheses

diseases [12]. Studies have shown that preeclampsia is  regarding the genesis of preeclampsia - inadequate
more common in primiparous women over the age of 34  trophoblast invasion and placental insufficiency, it becomes
with excess body weight. The risk of developing  imperative to tackle hormonal irregularities, promptly
preeclampsia is 20-50% higher in Afro-Caribbean and ~ manage inflammatory conditions of the pelvic region, and
South Asian women compared to white women [10]. rectify hemostatic abnormalities commonly observed in
Preeclampsia has a seasonal incidence, occurring most infertility patients opting for IVF-conceived pregnancies [3,
frequently in spring and autumn. Women at risk of 56, 62].
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It's important to always remember that successful
conception through IVF does not guarantee a smooth
pregnancy and physiological childbirth. Therefore, in this
study, we present a review of the current literature on the
developmental characteristics of preeclampsia in IVF-
induced pregnancies.

This study aims: to investigate the developmental
characteristics of preeclampsia in women with IVF-induced
pregnancies.

Search strategy Russian and English articles were
sourced from search engines including CyberLeninka,
PubMed, Scopus, Google Scholar, and e-Library using
keywords and medical thematic headings among materials
published from 2012 to 2024. The review included 83
articles dedicated to the etiology, pathogenesis, clinical
features, and diagnosis of preeclampsia in IVF-induced
pregnancies. A total of 305 articles were found in the
search, of which 83 met the selection criteria and were
included in this review.

The inclusion criteria for conducting the study in
Russian-language search engines comprised full-text
original articles, systematic reviews, and reports using the
following keywords: preeclampsia, screening, preeclampsia
diagnosis, IVF, infertility.

When conducting searches in English, the keywords
used were: In vitro fertilization (IVF), assisted reproductive
technologies (ART), preeclampsia, pregnancy, infertility.
There were no restrictions on the participants or conditions
of the study.

Results and Discussion

Etiology and Pathogenesis of Preeclampsia

The most serious complication of pregnancy associated
with hypertensive processes is preeclampsia. This condition
is characterized by elevated blood pressure, the
development of proteinuria, and edema. The symptoms of
preeclampsia typically begin to manifest after 20 weeks of
pregnancy in women with no prior history of hypertension. It
ranks second among the causes of maternal mortality and
complicates 5-10% of pregnancies [2, 14, 83].

In women of advanced reproductive age facing infertility
issues, there is a disruption of the endocrine status leading
to hormonal insufficiency. To achieve pregnancy, such
patients resort to superovulation stimulation, which involves
hormonal loading, consequently leading to disturbances in
hemostasis parameters. Extended hormonal treatment
within assisted reproductive technology (ART) procedures
presents an added hazard for pregnancy complications,
triggering direct activation of the hemostasis system,
fostering a pro-inflammatory state, and potentially leading to
chronic disseminated intravascular coagulation (DIC)
syndrome. Hypercoagulability resulting from hemostasis
system disruption due to hormonal therapy in
superovulation  cycles  significantly  differs ~ from
hypercoagulability in physiological pregnancy. Patients with
hemostasis system disorders experience more severe
preeclampsia compared to healthy pregnant women [9].

Moreover, the mechanism of preeclampsia
development is associated with immune dysregulation,
resulting in trophoblast invasion disturbances and
subsequent placental ischemia. These disruptions initiate
hypertensive complications during pregnancy [15, 82].

A study of Nigerian subjects found that
microalbuminuria (proteinuria =230 mg per 24 hours at
registration) is a reliable predictor of preeclampsia.
Hypertriglyceridemia is associated with the development of
preeclampsia and precedes it. Attempts have been made to
develop risk prediction models for preeclampsia in the first
trimester. However, a systematic review showed that the
reliability and validity of these models are limited [74].

Risk factors for developing preeclampsia in
assisted reproductive technologies (ART)

The assessment of IVF as a risk factor for the
development of preeclampsia may be influenced by the
patient's age, presence of extragenital pathology, parity,
family history, and multiple pregnancies. The presence of
chronic arterial hypertension complicates pregnancy with
preeclampsia in 25% of cases [46, 49].

According to literature data, in developed countries, one
in seven women suffers from infertility, while in developing
countries, it affects one in four women of reproductive age.
The frequency of infertility in Kazakhstan reaches 20%.
Such a high frequency of infertility has led to an increase in
the utilization of ART as the most effective method of
treating infertility, providing women with the opportunity to
become mothers at any age [7]. Nevertheless, compared to
spontaneous pregnancies, pregnancies achieved through
assisted reproductive technologies are at an increased risk
of preeclampsia [20, 68].

The Impact of Oocyte Donation (OD)

Advanced reproductive age tends to decrease ovarian
reserve, which is a common indication for undergoing an
IVF program with donor oocytes [34, 52]. Studies have
described that the risk of preeclampsia is three times higher
in patients with decreased ovarian reserve compared to
those who underwent IVF programs with their own oocytes
[21, 54]. Examination of the placenta has shown that
decreased ovarian reserve is associated with a higher
frequency of fetal vasculopathy and multiple disturbances in
fetal vascular malperfusion. It is plausible that impaired
corpus luteum function in patients undergoing IVF cycles
with donor oocytes may lead to decasualization dysfunction,
which is associated with the pathogenesis of preeclampsia
[41, 44].

It has been hypothesized that recipients of donor
oocytes may experience an immunological reaction leading
to abnormal placentation [35]. The increased risk of
developing preeclampsia between oocyte donors and
recipients is due to mismatching of HLA class |, expressed
on trophoblasts, and class Il, expressed on B-lymphocytes,
monocytes, macrophages, dendritic cells, and activated T-
lymphocytes [49].

In a study by N. Singh et al, the incidence of
preeclampsia with IVF was twice as high as with natural
conception (3.3% versus 1.7%) [70]. Furthermore,
pregnancy achieved through IVF with donor oocytes triples
the likelihood of developing preeclampsia compared to
pregnancy resulting from IVF with own oocytes [22, 51, 71].

A meta-analysis revealed a statistically significant
association between IVF-induced pregnancy using donor
oocytes and the onset of preeclampsia (odds ratio = 4.50;
95% ClI; p <0.0001) [67].

According to other data, the proportion of women who
developed hypertensive disorders during pregnancy is
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20.5%, 12.8%, and 7.6% in donor oocyte IVF programs,
autologous oocyte IVF programs, and spontaneous
conception, respectively [39]. These findings confirm A.
Keukens et al. the prevalence of preeclampsia after donor
oocyte fertilization is 4-5 times higher than after
spontaneous conception and 2-3 times higher than after
autologous IVF [46].

The Impact of Embryo Cryopreservation

In the USA, women who underwent infertility treatment
using ART had 1.18 times higher odds of developing
hypertensive disorders during pregnancy compared to
women who had never undergone infertility treatment [53].
IVF-induced pregnancy carries higher risks of developing
preeclampsia compared to natural conception (odds ratio =
1.34). The odds were particularly high with cryopreservation
and when undergoing IVF programs with donor oocytes [28,
37,58, 72).

In the study by B. Luke et al., it was found that
undergoing in vitro fertilization (IVF) with embryo transfer in
a fresh cycle did not pose an increased risk of developing
hypertensive disorders during pregnancy (adjusted odds
ratio [AOR] = 1.04; 95% confidence interval [CI]: 0.99-1.08)
compared to spontaneously conceived pregnancies.
However, the risk of hypertensive disorders was elevated
when using frozen-thawed embryos (OR 1.30; 95% CI 1.20-
1.40), fresh donor embryos (OR 1.92; 95% CI 1.71-2.15),
and frozen donor embryos (OR 1.70; 95% CI 1.47-1.96)
[50]. Conducted meta-analyses and studies also confirm
that the risk of developing preeclampsia is especially high in
pregnancies involving the transfer of frozen embryos and
the use of donor oocytes [28, 36, 40, 63, 81]. The causes
for these findings are not obvious, although it has been
postulated that some cryoprotectants or the freeze-thawing
process itself may create some metabolic or epigenetic
alterations connected to aberrant placentation and
eventually preeclampsia [43, 55]. On the other hand, a
meta-analysis conducted by Sh. Kenigsberg demonstrated
that the incidence of preeclampsia in pregnancies resulting
from frozen-thawed embryo transfers (FET) is not
significantly different from that in pregnancies after fresh
embryo transfers. Thus, the risk of preeclampsia is
comparable across both embryo transfer procedures [45].

Hormonal Factors

In the study by Y.C. Chen et al, it was found that
women who underwent IVF had lower levels of estradiol
hormone on the day of HCG injection and a higher weight
gain during pregnancy [27].

Another factor contributing to the development of
preeclampsia in IVF-induced pregnancies is the frequent
absence of the corpus luteum, leading to insufficient
synthesis of relaxin hormone - a vasorelaxant hormone.
This condition increases the risk of vascular dysfunction
[32, 49, 60]. Levels of fms-like tyrosine kinase-1 (sFlt-1) and
endoglin in serum are significantly elevated in patients with
early-onset preeclampsia (<34 weeks). Additionally, in the
first trimester, serum concentrations of sFlt-1 were higher in
multiple pregnancies induced by IVF compared to
spontaneously conceived twins [47].

F. Von Versen-Héynck et al. suggested that the
increased risk of preeclampsia in IVF-induced pregnancies
may be partially linked to the extent of IVF's influence on
the maternal hormonal milieu in the first trimester, when the

corpus luteum is the main source of reproductive hormones.
While spontaneous pregnancy typically occurs with one
corpus luteum, IVF entails two exiremes - either the
formation of a supraphysiological number of corpora lutea
associated with ovarian stimulation in the initial IVF cycles,
or hypothalamic-pituitary suppression and absence of
corpus luteum in artificial, programmed cycles routinely [78].

The corpus luteum secretes estradiol, progesterone,
relaxin, and other factors during the luteal phase. Relaxin is
a potent vasodilator produced exclusively by the corpus
luteum throughout pregnancy [30]. Although estradiol and
progesterone replacement therapy is administered in the
first trimester, other vasoreactive products of the corpus
luteum, such as relaxin, which may be important for
maternal cardiovascular adaptation to pregnancy, are not
introduced. The less physiological hormone levels used in
cryocycles may influence the risk of preeclampsia by
modulating the immune response. Inadequate circulatory
adaptation in early pregnancy is associated with adverse
pregnancy outcomes, including preeclampsia [77].

Multiple Pregnancy

Multiple pregnancies may further raise the incidence of
hypertension problems (IVF 32.3%, control group 1.5%).
This increased risk is most likely due to the pregnancy itself,
since repeated pregnancies exert a larger burden on the
cardiovascular system and are associated with a 3-4 times
higher chance of developing preeclampsia [25]. Such
women are sometimes regarded a separate category and
removed from general research since it is difficult to tell
whether poor outcomes, such as premature delivery, are
caused by preeclampsia or the multiple pregnancy itself.
However, the possibility of developing preeclampsia and
significant problems requires extra attention and close
monitoring, especially since these difficulties are more likely
when using in vitro fertilization procedures. Traditional IVF
procedures sometimes include transferring two or more
embryos to boost the likelihood of a successful live delivery
[26].

F. Dai et al. compared the frequency of preeclampsia
development in multiple pregnancies induced by IVF and
natural conception. This study suggests that multiple
pregnancies should not be considered a risk factor for
preeclampsia development. An increase in the number of
patients with early-onset preeclampsia was observed in
dichorionic twin pregnancies induced by IVF. In IVF-induced
dichorionic twin pregnancies, the frequency of severe
preeclampsia was 97% (compared to 48% in naturally
conceived pregnancies), and the frequency of early-onset
preeclampsia was 92% (compared to 28% in naturally
conceived pregnancies) [33, 72].

Placental Dysfunction

Women with pre-eclampsia from normally conceived
pregnancies had higher blood levels of thrombomodulin
degradation products than those with uncomplicated natural
pregnancies [75]. Thrombomodulin is a critical protein that
promotes endothelium stability by regulating inflammatory
pathways, endothelial cell death, and, most importantly,
coagulation [69]. The processes that regulate placental
thrombomodulin are not entirely known, but it is clear that
angiogenic abnormalities, such as those found in pre-
eclampsia, reduce thrombomodulin expression [73]. Bos
and colleagues discovered that placental thrombomodulin
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expression is low in both straightforward pregnancies with
donor oocytes and those affected by pre-eclampsia. This
poor expression may raise the risk of getting preeclampsia
after utilizing donor oocytes [23].

The main mechanism linking IVF and early-onset
preeclampsia may be placental dysfunction. Inadequate
placentation may predispose IVF patients to preeclampsia
and manifest as bleeding in the first trimester [33]. In N.
Hendin's study, the frequency of preeclampsia was higher
among women who underwent 1 cycle of IVF (8.2%)
compared to those who underwent 2 or more cycles of IVF
(1.7%) [38, 42].

Immunological Aspects

Although pregnancy is a physiological situation,
trophoblasts and decidua play an important role in
maternal-fetal tolerance and avoiding the hazards
associated with immunological rejection. After creating the
decidua, trophoblasts develop into two types: villous
(without HLA molecules on their surface) and extravillous
(EVT), which express polymorphic HLA-C of both maternal
and paternal origin, as well as non-polymorphic HLA-E and
HLA-G, which are responsible for non-specific immune
responses [16].

HLA-C molecules bind to killer immunoglobulin-like
receptors (KIRs) on decidual NK cells. The various
combinations of KIR haplotypes and HLA-C allotypes
determine whether the fetus has immunological tolerance or
is at higher risk of pregnancy problems [31, 64].

Furthermore, a low amount of immune activation is
required because decidual NK cells assist in spiral artery
remodeling and create angiogenic factors important for
placentation [18, 59]. HLA-E and HLA-G allow EVT to
connect directly with both dNK and CD8+ cells, inhibiting
cytotoxic activity and establishing allorecognition. Decidual
antigen-presenting cells (APCs) deliver paternal HLA-C
peptide fragments to CD4+ cells via Major
Histocompatibility Complex-Il (MHC-Il) molecules, indicating
indirect antigen recognition between mother and fetus.
HLA-C mismatch increases the number of CD4+ activated
cells [64].

The T-regulatory cell (Treg) response is critical for
effective implantation and preventing pregnancy-related
complications. Treg participation involves seminal plasma
priming, NIMA-specific Treg cell activity, and Treg cell
engagement with pre-existing autologous antigens [69].

Unlike spontaneous pregnancies, OD exposes the
mother's immune system to several non-self HLA-C
antigens (both paternal and donor), which may raise the risk
of pre-eclampsia and lower live delivery rates, particularly
after double embryo transfer (ET) [19, 76].

Both simple and difficult OD pregnancies have
decreased placental expression of many mRNA molecules,
including CD45, CD55, and CD59, which function as
complement regulating proteins [48]. S. Saito et al.
discovered that a degradation product of complement
component C4, known as C4d, can accumulate during
antigen-mediated allograft rejection. C4d is also detected in
women with pre-eclampsia in both spontaneous and
complex OD pregnancies, but not in simple ones, perhaps
indicating a disease-specific link [64]. Furthermore, pre-
eclampsia in natural pregnancies is related with lower
expression of CD68+ macrophages, CD4+ T cells, and Treg

cells, whereas same condition occurs in OD pregnancies
independent of pre-eclampsia status [66].

Inflammatory lesions and maternal M2 macrophages
found in the chorionic plate were linked to a 0% incidence of
pre-eclampsia in OD pregnancies, whereas a high
incidence of pre-eclampsia was apparently associated with
the absence of inflammatory signs, implying that a potential
inflammatory state could prevent fetal rejection [29, 69].

Because a healthy immune system is linked to
successful pregnancy outcomes even with donor gametes,
it is worthwhile to explore how it reacts to embryo
transplants in pregnant women with autoimmune disorders
(AD). Although the research on the relationship between the
immune system and ART methods in ADs remains sparse,
Simopoulou and colleagues recently explored the function
of various autoantibodies in women with ADs undergoing
IVF cycles [65].

Autoantibodies associated with thyroiditis (TAA), anti-
phospholipid antibodies (aPLs), anti-nuclear antibodies
(ANA), reproductive system autoantibodies, and celiac
disease autoantibodies were investigated. Unexpectedly,
aPLs, TAA, and anti-sperm antibodies (ASA) had no
deleterious influence on IVF cycles, while being linked with
increased miscarriage rates. In contrast, anti-endometrial
antibodies (AEA) and ANA were linked to reduced clinical
pregnancy rates, suggesting that they had a negative
impact on pregnancies [65].

In patients with early-onset preeclampsia, alpha-
fetoprotein levels were significantly higher in IVF-
induced pregnancies compared to pregnancies
conceived naturally. Early-onset preeclampsia primarily
arises due to defective placentation during the first few
weeks of pregnancy [33].

A better knowledge of the roles of autoantibodies in
pregnancy is required, since it represents a new frontier for
reducing pregnancy-related hazards. More clinical trials are
needed to examine this exciting topic of inquiry in both
natural and ART-induced pregnancies.

It should be noted that low fetal fraction is associated
with hypertensive disorders of pregnancy in women who
underwent embryo transfer in a fresh cycle. The fetal
fraction may represent a clinically useful marker for
screening arterial hypertension and allows clinicians to
target risk reduction strategies, such as low-dose aspirin, in
pregnancies induced by IVF and embryo transfer in a fresh
cycle [78]. The likelihood of serious pregnancy
complications after ART varies from 1.4 to 3.9 times and
higher [44, 57, 82]. A higher frequency of pregnancy
complications may be associated with the specifics of ART
use and/or the somatic status of the patient.

During the literature review conducted, we analyzed 83
articles, which revealed that the risk of preeclampsia is
three times higher in patients with diminished ovarian
reserve who used donor oocytes to achieve the desired
outcome compared to patients who underwent IVF with
their own oocytes. It was also found that there is an
increased risk of developing preeclampsia in IVF-induced
pregnancies when cryopreservation or transfer of donor
embryos was performed, both in fresh cycles and in
cryopreservation, compared to spontaneous pregnancies.
IVF-induced twin pregnancies exhibit early onset
preeclampsia in 97% of cases and severe preeclampsia.
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The frequency of preeclampsia is higher in women
undergoing their first IVF cycle.

Furthermore, there is no evidence to suggest what is
primary in the pathogenesis of preeclampsia, either
endothelial dysfunction present in a woman before
pregnancy due to the presence of extragenital pathology, or
induced vascular growth, differentiation, and functioning
disorders of the placental vessels, leading to endothelial
dysfunction during pregnancy.

This study demonstrates the primary potential causes of
preeclampsia development. An interesting finding is that
hormonal changes in women during the first trimester under
the influence of IVF treatment may contribute to this. It is
worth noting the impact of the corpus luteum as the main
source of hormones and relaxin production. This hormone
influences vascular dysfunction, ultimately leading to the
development of preeclampsia. Additionally, during IVF-
conceived pregnancies, there is an excessive formation of
the corpus luteum. It is noteworthy that cryopreservation
involves the use of less physiologically relevant hormone
levels, which affect the risk of developing preeclampsia by
modulating the immune response.

Conclusion

Preeclampsia in women is associated with the risk of
preterm delivery, premature detachment of a normally
positioned placenta, intrauterine growth restriction of the
fetus, and the development of long-term cardiovascular
disorders in women. These negative consequences can be
prevented and the likelihood of complications reduced by
starting appropriate  preventive treatment early in
pregnancy, preferably initiating it even before the fertile
cycle of pregnancy planning.

To improve the health of both the future mother and
child, it is necessary to recommend planning pregnancy at a
younger age, prioritizing childbirth before pursuing career
goals, maintaining a healthy body weight, combating
sedentary lifestyle, preferring swimming activities,
particularly aqua aerobics. This helps improve the vascular
endothelium function and prevents the development of
hypertension at any age. When planning pregnancy,
seeking consultation from an obstetrician-gynecologist and
initiating preventive measures for pregnancy complications
during the planning stage are advisable.
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