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Features of hemodynamics of the mother—placenta-
fetus system in the first half of pregnancy after
the assisted reproductive technologies application

L.M. Vygivska, I.V. Maidannyk, O.0. Chorna, V.F. Oleshko
Bogomolets National Medical University, Kyiv

Doppler study is one of the main methods for assessing the condition of placental blood circulation and fetal hemodynamics. Doppler blood
flow in the uterine arteries demonstrates the broad capabilities of the method for predicting pregnancy complications such as gestosis, fetal
development delay, preterm birth, as well as for diagnosing adverse perinatal consequences.

However, there is still no clear opinion about the feasibility of using Doppler as a screening test, as well as about the optimal pregnancy
period for this type of study.

The objective: is to study the hemodynamic features in pregnant women after assisted reproductive technologies (ART) application in the
dynamics of the first part of pregnancy.

Materials and methods. 299 pregnant women were examined — the main group included 249 women whose pregnancy occurred as a result
of ART application. The control group consisted of 50 pregnant women with spontaneous pregnancy and its physiological course. I group
— 94 women with tubal-peritoneal factor of infertility, II group — 87 women with endocrine factor of infertility, III group - 68 women whose
infertility was caused by the male factor. Doppler ultrasound examination of the uterine arteries, arteries of the umbilical cord and middle
cerebral arteries of the fetus were conducted.

Results. It was found that the highest intensity of hemodynamics in the uterine artery basin at 11-12 weeks of gestation was recorded in a
group of patients with a physiological course of pregnancy. The systolic-diastolic ratio in the right and left uterine arteries in these patients
was 1.9 (1.8-2.7) and 2.1 (1.9-2.6), respectively.

In contrast to women in the control group, pregnant women after ART application analyzed indicators were higher (1.6—1.9 times; p<0.0001).
The systolic-diastolic ratio in the right uterine artery in ITI group was 3.0 (2.4-3.5), I group — 3.3 (3.1-3.4). Similar data were obtained
analyzing the curves of blood flow rates in the left uterine artery — 2.9 (2.1-3.5) and 3.0 (2.7-3.6), respectively. The highest peripheral
resistance, both in the right (3,6 (3,4-3,7) and left (3,5 (3,2-3,8) uterine arteries, was naturally registered in pregnant women of II group.
In 36 (72%) patients with uncomplicated course and successful gestation at 11—-12 weeks of pregnancy, blood flow was not recorded in the in-
tervellon space. In the vast majority — 50 (73.5% ) pregnant women of I group, two types of blood flow were registered in the intervellar space:
pulsating arterial and continuous venous. Only in 18 (26.5%) patients of this group the blood flow in intervellon space was not determined.
As a result of the obtained data analysis, it was found that at 16-17 weeks of gestation, the highest intensity of blood flow in the uterine
artery pool was recorded in the control group. Thus, the systolic-diastolic ratio of the right and left uterine arteries in these subjects was 1.6
(1.5-1.8) and 1.8 (1.6-2.0). In pregnant women of the main group, the indicators were significantly higher (1.2-2.0 times; p<0.0001). The
systolic-diastolic ratio in the uterine arteries in group III was 2,1 (1,9-2,6); 2,2 (1,9-2,5), in the II group — 3,1 (2,5-3,3); 2,2 (1,9-2,5), in
the I group — 2,6 (2,5-3,2); 2,7 (2,5-2,9).

In contrast to the control group, in which the systolic-diastolic ratio in the fetal umbilical artery was 3.4 (3.3-3.5), in III group patients,
there was a significantly higher intensity of umbilical blood flow (S/D — 3.3 (3.5-3.6), p=0.03). At the same time, feto-placental hemody-
namics in IT and I groups patients was characterized by a significant increase in the numerical values of blood flow in the umbilical arteries
(S/D - 4.5 (4.4-4.7), p=0.0001 and 3.5 (3.5-3.6), p=0.03, respectively). In patients of the control group, the systolic-diastolic ratio of the
middle cerebral artery of the fetus at 16—17 weeks of gestation was 3.4 (3.4-3.5), almost completely coinciding with the same indicator in
the umbilical artery (S/D - 3.4 (3.3-3.5).

Patients of group III had a higher blood flow intensity, as evidenced by significantly lower (S/D 3.2 (3.1-3.3), compared with the control group
(S/D 3.4 (3.4-3.5) absolute values of the systolic-diastolic ratio. An increase in the intensity of blood flow in the fetal medial artery (against the
background of increased vascular resistance in the umbilical artery) was also recorded in the group of subjects of group II (S/D — 2.8 (2.7-2.9).
High absolute values of systolic-diastolic ratio in the indicated vessel (4.4 (4.3—4.5) were found in the fetuses of the examined group and
group, which characterize a significant decrease in the intensity of cerebral blood flow, compared with all the analyzed groups.
Conclusions. Thus, the results of the study allow us to attribute Doppler ultrasound to highly informative research methods that make it pos-
sible to predict hemodynamic changes in the mother-placenta-fetus system, depending on the type of infertility, take preventive measures
and start correction in time.

Keywords: pregnancy, assisted reproductive technologies, Doppler ultrasound, uterine arteries, systolic-diastolic ratio.

Oco6nMBOCTIi reMOgMHaMIKM CUCTEMU MaTU—MJ1aleHTa—Nig y nepLuiii NOIOBUHI BariTHOCTI nicns
3acTOCyBaHHS A,0MOMIKHUX PEenpPoAyKTUBHUX TEXHOJIOrIN
J1.M. Buriecsbka, I.B. MaiiganHuk, O.0. YopHa, B.®. OneLwko

Oj1H1M 3 OCHOBHHX METO/IiB OILIHIOBAHHSI CTAHY [UIAIEHTAPHOTO KPOBOOGITY i TeMOIMHAMIKH I1JT0/1A € JIOTIIIePOMETPIYHE JI0C/Ti/pRe st J{ormiepomerpist
KPOBOTOKY Y MaTKOBUX apTepisX IEMOHCTPYE IUPOKI MOKIMBOCTI METOLY /i1 ITPOTHO3YBAHHA TAKUX YCKJIA[HEHb BariTHOCTI, AK IeCTO3, 3aTPUMKa PO3-
BUTKY IIJI0JIa, TIePe/T4acHi MOJIOTH, a TAKOK /LI IarHOCTUKI HECIIPUATIIMBIX TIePUHATAIBHIX HACTi/KIB. O/lHAK CHOTO/HI HEMa€e OIHO3HAYHOI yMKHI K
TIPO JOULIBbHICTh BAKOPUCTAHHA JIOMILICPOMETPIl y AKOCTI CKPUHIHIOBOI'O TECTY, TaK i IIPO TCPMiHM BariTHOCTI, OITUMAJIbHI I JAHOTO BULY TOCJL/UKCHHA.
Mema 0ocnidxcenns: BUBYEHHs y JAWHAMII TIEpHIOi TIOJOBUHU BaTiTHOCTI OCOOJIMBOCTEH TeMOIMHAMIKN Yy BariTHUX MHC/Is 3aCTOCYBAaHHS
JOIOMIKHUX PeIpoAyKTUBHUX TexHomorii ([IPT).

Mamepianu ma memoou. O6crexeno 299 aritHux. [[o 0CHOBHOI rpyi yBiltuum 249 jKiHOK, BAriTHICTb SIKMX HACTaJIA Y PE3YJIbTAT] 3aCTOCYBaH-
ust [IPT: I rpyna — 94 sinkn 3 TpyGHO-TIepuTOHea bHUM (haktopoM Gesiurianocti, [T rpyna — 87 jKiHOK 3 eHAOKPUHHNM (GaKTOPOM Ge3ITiAHOCTI,
IIT rpymna — 68 sKiHOK, Ge3IUI/IHICTD SKHX 3yMOBJIEHA Y0IOBIYMM (hakTOpOM. BariTHUM IIPOBEIEHO JOTIIIIEPOMETPIUYHE BUSHAYEHHS TIOKa3HIKIB
MAaTKOBUX apTepiil, apTepiil MyImOBNHN Ta CepeIHBOMO3KOBHX apTepiil mioza. /lo konTpossHoi rpynu ysiitnum 50 XKiHOK 3i CIIOHTAHHNM HACTAH-
HAM BariTHOCTI Ta ii (iziosoriunum nepedirom.
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Pesyavmamu. Y cTaHOBIICHO, 1110 HAHOIIBIN BUCOKY IHTEHCHBHICTH FeMOIMHAMIKN Y Oaceiini MaTKOBUX apTepiil B 11—12 ik recrarii peecTpyBasiu
y TPyl Nali€HTOK i3 (isionoriunmum nepedirom BaritHocTi. [TOKa3HUKN CUCTOIO-AaCTOTYHOTO CIIBBIAHONUICHHS Y IPaBiii i JIiBili MATKOBUX apTepisx
y nux marienTtok cranosuwm 1,9 (1,8-2,7) i 2,1 (1,9-2,6) Bixnosizmo.

Ha BiaMmiHy Biji 5KiHOK KOHTPOJIBHOI TPyIH, y BaritHUX micjst Bukopucrands [IPT npoananizoBani nokasuuku Oysn sunmumu (B 1,6—1,9 pasy;
p<0,0001). Cucroso-niactosiune cIiiBBiIHOIIEHHS y TpaBiil MaTkoBiil aprepii y 111 rpymi cranosumo 3,0 (2,4—-3,5), y L rpymi — 3,3 (3,1-3,4). Anasoriusni
Jani Oy OTPUMAHI I/l Yac aHasIisy KpMBHX HIBUAKOCTEN KPOBOTOKY y JIiBill MaTKoBiii aprepii — 2,9 (2,1-3,5) i 3,0 (2,7-3,6) sinnosiano. Haitbinbin
BurCOKmiT eprdepiitamii omip sik y mpasiii (3,6 (3,4—3,7), tak i B miBiit (3,5 (3,2—3,8) MaTKOBHX apTepisix 3akOHOMIPHO peecTpyBasi y Baritaux 11 rpymm.
V 36 (72%) nariienTok 3 HeycKiajHeHnM 1epediroM i yerinHum pesysibratoM recraitii B 11—12 tusk BaritHOCTI B iHTEPBEILO3HOMY IIPOCTOPi KPOBOTIK He
peecrpysasm. Y niepeBakHoi Oisbiocti — 50 (73,5%) — BaritHux [ rpymu (hiikcyBasim iBa THIIM KPOBOTOKY Y MiZKBOPOCHHYACTOMY IIPOCTOPI: IYJIbCIBHII
aprepionoiOHuii i 6eanepepsHuii BeHozHonomiOHMIL JTnie y 18 (26,5%) NaIlieHToK I1i€i rpyIi KPOBOTIK B iHTEPBETHO3HOMY MPOCTOPI HE BUBHAYAIIN.
V pesyabrari aHastizy OTPUMAHUX JIAHUX BCTAHOBJIEHO, 1110 Y 16—17 Tvsk recTartii HaiiGiIbIl BUCOKY iHTEHCHBHICTH KPOBOTOKY y OaceiiHi MaTKOBUX apTepiil
PeeCTpyBaJIi y KOHTPOJIbHIN rpyrii. Tak, MOKa3HUKM CHCTOJIO-[ACTOIIYHOIO CITBBIIHOIIEHHS IPABOL I JIIBOI MATKOBUX apTepiil y 11X 00CTeKYBaHUX CTAHOBH-
1,6 (1,5-1,8)i 1,8 (1,6-2,0). Y BaritHux ocHOBHOI rpyTv rokasHuky Gy Biporizuo s (B 1,2—2,0 pasy; p<0,0001). Crcrosio-iactosivme CriBBiHOMEHHST
y MarkoBux aprepisix y 1T rpymi cranosusio 2,1 (1,9-2,6); 2,2 (1,9-2,5), y I rpymi — 3,1 (2,5-3,3); 2,2 (1,9-2,3), y T rpymi — 2,6 (2,5-3,2); 2,7 (2,5-2,9).

Ha sizminy Biz 06cTexRyBaHUX KOHTPOJIBHOT TPYIH, Y SIKMX CHCTOJIO-acTOJIYHE CIiBBIIHONIEHHS B apTEPisAX MyMOBUHN TJI0/a CTAHOBHUJIO 3,4
(3,3-3,5), y natienrok 111 rpynu BiggHauanu BiporigHo 6ibil BUCOKY iHTEHCUBHICTD MyIIOBUHHOTO KpoBOTOKY (S/D — 3,3 (3,5-3,6); p=0,03).
V 10it camuii wac, eroranentapua reMoHamika y naiientok 111 [ rpyn xapakrepusyBajiach 10CTOBIPHUM 301/IbIIEHHSM YHCETbHUX 3HAYCHD
MOKA3HUKIB KPOBOTOKY B aprepisx mymnosunu (S/D — 4,5 (4,4-4,7); p=0,0001 i 3,5 (3,5-3,6); p=0,03 Biamosiamo). Y marienTok KOHTPOIHHOI
IPYIN CHUCTOJIO-IACTOJIYHE CIIiBBI/IHONIEHHST Y cepe/iHiil MO3KOBIiT aprepii mioga y 16—17 Tuxk recrauii cranoBuio 3,4 (3,4—3,5), mpakTudno
MOBHICTIO 30iralouuch i3 aHAIOTTYHIM OKa3HUKOM B aprepii nmynosunu (S/D — 3,4 (3,3-3,5).

¥ narienrox 111 rpynu Bizznayena Buiia iHTeHCHBHICTH KPOBOTOKY, IIPO 110 CBiamun Biporiaao niskdi (S/D 3,2 (3,1-3,3) nopiBHsHO 3 KOHTPOIBLHOIO
rpynoto (S/D 3,4 (3,4-3,5) abcosoTHi 3HAYEHHsI CUCTOJIO-[IACTOJIIYHOIO CIiBBifiHOIIeHH . [Ti/{BUIIIEHHS IHTEHCUBHOCTI KPOBOTOKY Y CEPEIHbOMO3KOBII
aprepii nuiozia (Ha TJIi MBKUIEHHS! CYIMHHOTO OTIOPY B apTepii IynoBrHM) peecTpyBasn it B obctexkyBanux 11 rpymu (S/D — 2,8 (2,7-2,9).

Y wnonis o6eresxernx 3 I rpyriu BusiBieHi HallBuII aGCOJTIOTHI 3HAYEHHS CUCTOJIO-/LIACTOJIYHOTO CIIiBBIZHOIIEHHS y 3a3HaveHill cyuHi — 4,4 (4,3—4,5),
1110 XapaKTepPU3YIOTh iCTOTHE 3HUKEHHSI IHTEHCUBHOCTI 11epeGpaibHOr0 KPOBOTOKY MOPIBHSHO 3 yeiMa aHai30BaHUMMU TPYTIAMU.

3axmouennsn. OTKe, pe3yJIbTaTh JOCI/KEHHS J03BOJISIOTD Bi/IHECTH JOTIIIIEPOMETPIIO /10 BUCOKOIH(OPMATUBHIX METOJIIB JIOCJIi/IZKEHHS, 1110 /IAl0Th
MOJKJIUBICTD TIepeIlauNTH TeMOIMHAMIMHI 3MiHI CHCTEMI MaTH—TIIAIeHTa— T/ 3/IE5KHO Bijl BUY GE3IIIiIHOCTI, TPOBECTH MPOMIIAKTHYHI 3aX0/1 Ta
BYACHO PO3MOYATH KOPEKIIIIO.

Kmouosi cnoea: sazimmicmv, 00nomigicki penpooykmueni mexnonozii, Jonniepomempis, Mamxosi apmepii, cucmono-oiacmoniune cniegionowens.

OCco6eHHOCTU reMOAVHAMUKN CUCTEMbI MaTb—MJ1aLeHTa—MNJ0A4 B NepBoi NOsIOBUHe 6epeMeHHOCTU nocne
NPUMEHEeHUs BCNoMoraTesibHbIX PenpoAyKTUBHbIX TEXHOJIOr i
J1.M. Bbiroeckas, U.B. MaiigaHHuk, E.A. YopHas, B.®. OneLuko

OHUM U3 OCHOBHBIX METO/IOB OIEHKU COCTOSIHUS TLIAIIEHTAPHOTO KPOBOOOPAIIECHUS U TeMOMHAMUKH 110/ SIBJISIETCS TOMIIJIEPOMETPUYECKOE
uccseosanue. [lonmiepoMeTprst KPOBOTOKA B MATOYHBIX APTEPHSX AEMOHCTPUPYET HIMPOKNE BO3MOKHOCTH METO/IA /ISl IIPOTHO3UPOBAHMS Ta-
KHX OCJIOKHEHHIT GepeMEeHHOCTH, KaK TeCTO3, 3a/lePsKKa Pa3BUTHsI TIIO/IA, IPEKAEBPEMEHHBIE POJIbL, @ TAKIKe /IS AMArHOCTUKH HeOIaronpysiTHBIX
MEePUHATAIBHBIX HOCeACTBUI. OIHAKO 0 CHX II0P HET OJHO3HAYHOrO MHEHUS KaK O IeJ1ecO0OPasHOCTH MCIOIb30BAHMS JONIIEPOMETPUN B
KauecTBe CKPUHUHTOBOTO TECTa, TAK U 0 CPOKAX OEPEMEHHOCTH, OIITUMAIBHBIX /IS IAHHOTO BUA CCIICIOBAHMSI.

Ieav uccnedoganus: nsydenye B IMHAMUKE [EPBOM TIOIOBUHBI GEPEMEHHOCTH 0COOEHHOCTEH FeMOIMHAMUKH Y GEPEMEHHBIX ITOCJIE TIPUMEHEHIST
BCIIOMOTATEIbHBIX PENPOAYKTUBHEIX TexHosoruil (BPT).

Mamepuanot u memoowvt. O6cnenoBano 299 GepemeHHbix. B ocHOBHYIO rpyiiny Bouwim 249 seHiuH, 6epeMEHHOCTh KOTOPBIX HACTYIIIJIA B pe-
syabrare nipumenenust BPT: I rpymia — 94 skeHmunsl ¢ TpyOHO-NIepUTOHeaTbHBIM hakTopoM Gecrumoust, [T rpyrima — 87 JKeHIIUH ¢ 9HAOKPUHHBIM
(akropom Gecruioaus, 111 rpymia — 68 skeHiuH, Gecrioane KOTOPbIX 0OYCAOBIEHO MYKCKUM (haKTOPOM. BepeMeHHBIM MTPOBEIEHO JIOTITIIEPO-
MeTpHYeCKoe OIpeiesIeH e MoKa3aTteieil MAaTOUHBIX apTepHil, apTepHil MyTOBUHBI U CPEIHEMO3TOBBIX apTepuil 1roja. B KOHTPOIBHYIO TpyTITy
Bonwin 50 GepeMeHHbIX CO CHOHTAHHBIM HACTYIIEHHEM GEPEMEHHOCTH U ee (GU3NOTOTHYECKUM TEUeHHEM.

Pesyavmamot. Y ctanoBJeHO, 4TO HanGoJIee BHICOKAst HHTEHCHBHOCTL TEMOJAMHAMUKH B Gacceiiie MaTOUHbIX apTepuil B 11—12 Hezt rectaium peru-
CTPUPOBAJIN B TPYIIIIE TAIIMEHTOK ¢ (DU3HOJIOTHYECKIM TederneM GepemerHocTy. [TokasaTesu CHCTOI0-[MACTONIMIECKOTO COOTHOIIEHNS B TTPABON
1 JIEBOI MaTOYHBIX apTepHsX y 9THX naruenTok coctasmn 1,9 (1,8-2,7) n 2,1 (1,9-2,6) cooTBeTCTBEHHO.

B ormmune ot KeHIUH KOHTPOJILHON IPyIIIbl, y GepeMeHHbIX Moce ucioab3osanns BPT npoanannsuposatHblie nmokasarean Obliu Bbilie (B
1,6—1,9 pasa; p<0,0001). CrcToso-acToIn4eckoe COOTHOIIEH e B MpaBoil MmaTounoit aprepuu B 111 rpymne cocrasuio 3,0 (2,4-3,5), B I rpyme
— 3,3 (3,1-3,4). Anasiornutbie aHHbIe OBLIN MOJIYYEHbI TIPY AHAIN3€ KPUBBIX CKOPOCTEN KPOBOTOKA B JIeBOIT MaTOuHOM aprepun — 2,9 (2,1-3,5)
u 3,0 (2,7-3,6) coorsercreenno. Hanbosee Bbicokoe nepudepudeckoe conpoTuBienre Kak B npasoii (3,6 (3,4—3,7), Tak u B neoii (3,5 (3,2—-3,8)
MAaTOYHBIX APTEPUSAX 3AKOHOMEPHO PErucTpUpoBasn y 6epemernbix [T rpymibr.

V 36 (72%) maunenToK ¢ HeOCJAOKHEHHBIM TEUeHUEM U YCIIEIHbIM pedybratoM rectain B 11-12 nex 6epeMeHHOCTH B MHTEPBEJIE3HOM TIPO-
CTPAHCTBE KPOBOTOK HE PerucTpuposasi. Y nomasssioniero 6oubimnHersa — 50 (73,5%) — 6epemennbix I rpyrist hukcrpoBasi 1Ba THIIA KPOBO-
TOKA B MEKBOPOCHHYATOM IIPOCTPAHCTRE: IyIbCUPYIONINET apTepHONOI00HbII U HElTPepbIBHbIN BeHO3HOMOA00HDIN. Y 18 (26,5%) nanuenTok aToi
IPYIIIIBI KDOBOTOK B MHTEPBEJIJIE3HOM IIPOCTPAHCTBE HE OIIPe/Ie/IsAIn.

B pesyJibrate aHa/mM3a moJyYeHHbIX JAHHBIX YCTAHOBJIEHO, uTO B 16—17 Hest recrarmu HaunboJsiee BBICOKYIO MHTEHCHBHOCTH KPOBOTOKA B Gacceiite
MAaTOYHbBIX apTePUil PETUCTPUPOBAIM B KOHTPOJIBHOU rpyiine. Tak, mokasarean CUCTOIO-UACTOJNYeCKOTO COOTHOLIEHUS IPABOil U JIeBOI Ma-
TOUYHBIX apTepuii y aTux obcaenyembix cocrapuiu 1,6 (1,5-1,8) u 1,8 (1,6-2,0) coorsercrBerno. Y 6epeMEHHBIX OCHOBHON IPYIIIIbI TIOKA3aTEIN
ObLu roctoBepHo Bbitme (B 1,2—2,0 pasa; p<0,0001). CrcTomo-1actomueckoe COOTHOIIEHNEe B MaTOYHbIX aprepusix B 11 rpyrme cocrasuio 2,1
(1,9-2,6); 2,2 (1,9-2,5), Bo 11 rpymmie — 3,1 (2,5-3,3); 2,2 (1,9-2,5), 8 [ rpynmie — 2,6 (2,5-3,2); 2,7 (2,5-2,9).

B oramume ot 06¢sieyeMbIx KOHTPOJILHON TPYIIIbL, Y KOTOPBIX CHCTOJIO-AMACTOINYECKOE COOTHOIIEHHE B APTEPUH Iy TOBUHBI [JI0/[a COCTABUIIO
3,4 (3,3-3,5), y manmentok II1 rpymmbl oTMedasu A0CTOBEPHO (oJiee BHICOKYIO HHTEHCHBHOCTD TYMOBUHHOTO kKpoBoToka (S/D — 3,3 (3,5-3,6);
p=0,03). B To xe Bpems deTornaieHTapHas reMojuHamMuKka y nanuenTok 11 u I rpynn xapakrepusoBasach J0CTOBEPHBIM YBEJIMUCHIEM YHC-
JIEHHBIX 3HAYeHWIT TIOKa3aTesell KpOBOTOKA B aprepusix mynosunsl (S/D — 4,5 (4,4—4,7); p=0,0001 u 3,5 (3,5-3,6); p=0,03 coorBercTBeHHO). Y
MAIUEHTOK KOHTPOJIBHOM TPYIIIBI CUCTOJIO-IUACTOJNYECKOE COOTHOIIEHUE B CPeIHE MO3TOBOI apTepun 11oja B 16—17 Hez rectaiiny cocTaBmio
3,4 (3,4-3,5), npakTHYEeCKN MOJTHOCTHIO COBIA/Asi C aHAJIOTHYHBIM [TOKa3aresieM B aprepun mynosuust (S/D — 3,4 (3,3-3,5).

VY narentoxk 111 rpyrmibr otMedeHa GoJiee BBICOKast MHTEHCUBHOCTD KPOBOTOKA, O Y€M CBUJIETEIbCTBOBAJIN [I0CTOBEpHO Oosiee Huskue (S/D — 3,2
(3,1-3,3) 110 cpaBHEHUIO ¢ KOHTPOIBbHOI rpymoi (S/D — 3,4 (3,4-3,5) abcommoTHbIe 3HAYEHUS CUCTOJIO-IUACTOTUYECKOTO COOTHOTIEHU. [ToBbI-
HIeHNe MHTEHCHBHOCTI KPOBOTOKA B CPEIHEMO3TOBOIT apTepun 11o/ia (Ha (hoHe MOBBIIIEHNUs COCYANCTOTO COIPOTUBIIEHNS B APTEPHHN MY TOBUHBI )
perucrpuposanu u'y oberenyembix 11 rpymmsr (S/D — 2,8 (2,7-2,9).

3A0POBBE JKEHIIMHDBI Ne7 (153),/2020 63
ISSN 1992-5921



BECNNOAWE W NNAHUWPOBAHWE CEMDbMWM

¥ 1107108 06CI€I0BaHHBIX U3 | TPYIIIBI BBISIBJIEHBI BBICOKIE aOCOMIOTHBIE 3HAYEHSI CHCTOJIO-ANACTOMIIECKOTO COOTHOIIEHNSI B YKA3AHHOM CO-
cyne — 4,4 (4,3—4,5), 4T0 XapaKTepUsyT CyIeCTBEHHOE CHIKEHE MHTEHCUBHOCTHU 11epeOPaIbHOr0 KPOBOTOKA 10 CPABHEHUIO CO BCEMU aHAJIM-

3UPYEMbIMU I'DYTITIAMU.

3axarouenue. Takum 00pazoM, Pe3yJIbTAThI UCCIAEIOBAHIS O3BOJISIOT OTHECTH AONIIEPOMETPHUIO K BEICOKOMH(BOPMATUBHBIM METOAM UCCJIEA0-
BaHUs, IPEOCTABJISIONINX BO3SMOKHOCTD I1PE/ICKA3aTh TeMOANHAMUYECKIE U3MEHEHUS CUCTeMbl MaTh—IJIalleHTa—I110/] B 3aBUCUMOCTH OT BUJIA
GecIuiost, TPOBECTH MPOMGUIAKTHYECKIE MEPbI U BOBPEMSI HAYaTh KOPPEKITHIO.

Kmouegoie cnosa: 6epemernocmn, 6cnomozamenvtvie penpooykmugHvle mexHoI0zuu, 0onniepoMempus, MamouHvle apmepuu, Cucmono-0uacmonu-

yeckoe coommnouleHue.

Az of this date, a Doppler ultrasound is the main method for as-
essment of placental circulation and fetal hemodynamics [1, 2].

The powerful capabilities of this method to predict such com-
plications of pregnancy like preeclampsia, delayed fetal growth,
premature birth and adverse perinatal consequences, are demon-
strated in most studies on Doppler blood flow measurement in
uterine arteries [2, 5, 6]. However, there is still no consensus on
whether to use Doppler as a screening test or just for pregnancy
term determination [3]. In addition, there is no unified judgment
on the criteria that characterize the pathological type of blood
flow velocity curves in early pregnancy [3, 5].

The mechanism that ensures the constancy of uteroplacental
blood flow during pregnancy progression is based on a decrease
in placental resistance to blood flow. During the pregnancy term,
about 100 spiral arteries connect the maternal blood circulation
with the placental vascular pool that forms the intervillar space.
These vessels undergo important physiological changes that are
necessary for a 10-fold increase in blood circulation, providing
the metabolic needs of the placentofetal complex [2, 4]. During
the first trimester of gestation, the first wave of endovascular
trophoblast invasion in the walls of the decidual spiral arteries
occurs and ends at the level of junction of the decidua basalis and
myometrium at 15 weeks of pregnancy. During the second tri-
mester of pregnancy, a second wave of trophoblast invasion in the
muscle layer of the spiral arteries before interacting with the end
sections of the radial arteries occurs. During this process the mus-
cle-elastic elements of spiral artery walls are replaced with a mix-
ture of fibrinoid and connective tissue that forms fibrinoid wall
necrosis. As a result of this unique process, the shell of the spiral
arteries is completely devoid of non-striated muscle elements and
becomes insensitive to the action of various hypertensors. This
replacement of small spiral arteries with larger vascular chan-
nels will transform the uteroplacental blood circulation from a
highly resistant to a low-resistant vascular system. The described
changes are a necessary feature of the physiological development
of pregnancy [2, 5]. Violation in the processes of trophoblast in-
vasion leads to high blood flow resistance in the uteroplacental
system and pathogenetically determines the complicated course
of gestation [2, 4, 5].

The objective: is to study the hemodynamic features in preg-
nant women after assisted reproductive technologies (ART) ap-
plication in the dynamics of the first part of the pregnancy.

MATERIALS AND METHODS

A comparative analysis of blood flow indexes in the uterine
arteries in patients whose pregnancy occurred as a result of the
ART application and women with a physiological course of preg-
nancy in the first half of pregnancy was conducted. One of the
mandatory rules for studying uteroplacental hemodynamics is to
evaluate the curves of blood flow rates in both uterine arteries,
which is due to the fact that in the complicated course of gesta-
tion, blood flow disorders in most cases appear only in one of the
uterine arteries [2].

In the dynamics of the prospective study, 299 pregnant
women were comprehensively examined. They were divided as
follows: the main group included 249 women whose pregnancy
occurred as a result of the ART application, and the control group
- 50 pregnant women with spontaneous pregnancy and its physi-
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ological course, who were registered for pregnancy in the period
of 6-8 weeks.

Women of the main group, who became pregnant as a result
of ART application, were divided into three groups, depending on
the factor that caused infertility. The I group included 94 women
with tubal-peritoneal factor of infertility, the IT group was formed
by 87 women with endocrine factor of infertility, the ITT group in-
cluded 68 women whose infertility is caused by the male factor.
Pregnant women in the study groups were representative by age,
marital and social status and place of residence, which allowed
to judge further about the differences caused by the etiological
factors of infertility.

The pregnant women of the examined groups underwent
standard clinical and laboratory tests, which included general
blood and urine analysis, as well as Doppler ultrasound measure-
ments in the uterine arteries, umbilical cord arteries and middle
cerebral arteries of the fetus. The examination was conducted on
Toshiba, Xario 100, Ultrasound system in the first part of preg-
nancy.

RESULTS OF THE RESEARCH
AND DISCUSSION

As follows of the analysis of the obtained data, it was found
that the highest intensity of hemodynamics in the uterine artery
pool at 11—-12 weeks of gestation was recorded in the group of
patients with a physiological course of pregnancy. Thus, the sys-
tolic-diastolic ratio in the right and left uterine arteries in these
patients was 1.9 (1.8-2.7) and 2.1 (1.9-2.6) respectively.

The analyzed indicators in pregnant women with ART ap-
plication were significantly higher (1.6—-1.9 times; p<0.0001)
than in women with uncomplicated course of pregnancy (Con-
trol group). The systolic-diastolic ratio in the right uterine ar-
tery in the IIT group was 3.0 (2.4-3.5) and in the I group — 3.3
(3.1-3.4). Similar data were obtained when analyzing the curves
of blood flow rates in the left uterine artery-2.9 (2.1-3.5) and 3.0
(2.7-3.6), respectively.

The highest peripheral resistance, both in the right (3,6 (3,4—
3,7)) and left (3,5 (3,2-3,8)) uterine arteries, was naturally regis-
tered in pregnant women of the IT group.

The main morphological substrate of pathological curves of
blood flow rates in the uterine arteries is the absence or incom-
plete invasion of the trophoblast in the spiral arteries, which leads
to increased resistance in the uteroplacental pool and, obviously,
determines the different nature of changes in the hemodynamics
of the intervellon space.

The interstitial space of the placenta in the form of cavities
labyrinth was first described by William et John Hunter in the
XIX century, but there is still disagreement about the circulation
of maternal blood in it.

Author’s research allowed establishing that in the vast major-
ity of 36 (72%) patients with uncomplicated course and a favor-
able gestational outcome at 11—12 weeks of pregnancy the blood
flow in the intervellon space was not registered. The continuous
venous blood flow during color Doppler mapping was revealed in
less than the third part of the patients — 14 (28%). None of the
pregnant women in this group didn’t have the arteriotony pulsat-
ing blood flow. The obtained data allowed to conclude that the
physiological course of gestation is most characterized by the lack
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of registration of blood flow in the interstitial space in the first
trimester of pregnancy.

Comparison of the obtained data with the evaluation of the
blood flow velocity curves in the uterine arteries allowed to iden-
tify some of them. In the absence of blood flow in the intervel-
lon space, the absolute values of the systolic-diastolic ratio in
the right and left uterine arteries were significantly lower — 1.8
(1.7-1.9) and 2.0 (1.8-2.2) respectively, than in cases with ve-
nous blood flow-2.6 (2.4-2.9) and 2.9 (2.7-2.9), respectively.

The data obtained are aligned with the views of various re-
searchers on the process of hemocirculation formation in the in-
terstitial space, despite their inconsistency.

For instance, E.C. Kingdom, P. Kaufinann (1999), J. Aplin,
(2000) deny the presence of blood flow in the intervellon space
in the first trimester of the physiological pregnancy, based on the
fact that due to early endovascular invasion, cytotrophoblast cells
completely obliterate the lumen of spiral arteries, forming cyto-
trophoblastic plugs, which are a kind of barrier (cell filter) that
prevent the mother’s blood from entering the interstitial space.

In contrast, the vast majority — 50 (73.5%) in pregnant wom-
en of I group two types of blood flow in the intervertebral space
was registered: pulsating arterial and continuous venous. Only
in 18 (26.5%) patients of this group the blood flow in intervellon
space was not determined. It is necessary to pay attention to the
fact that it was in the latter that the intensity of blood flow in
the uterine arteries was as close as possible to the indicators of
patients with favorable pregnancy outcomes (the values of the
systolic-diastolic ratio in the right and left uterine arteries, re-
spectively, were 2.0 (1.9-2.6) and 2.1 (2.1-2.3). It is interesting
that these subjects had a late manifestation (31-32 weeks) of fe-
tal growth retardation.

In contrast, the systolic-diastolic ratio in the right and left
uterine arteries was significantly higher in patients with a pul-
sating arterial type of blood flow in the intervellon space — 3.2
(2.9-3.4) and 3.3 (2.7-3.6), respectively. Approximately the
same data were obtained recording continuous venous blood flow
(systolic-diastolic ratio in the right and left uterine arteries was
3.3 (2.7-3.5) and 3.3 (2.9-3.6), respectively.

The pulsating arterial wave of blood flow velocity curves
corresponds to the «fountain» release of blood from the lumen
of spiral arteries, in our opinion, indicates incomplete gestational
restructuring and preservation of non-striated muscle fibers in
the walls of these vessels. However, continuous venous profile of
the Doppler signals from blood flow, drains scattered in decidual
shell venous holes, obviously, is one of the first mechanisms to
compensate for the hemodynamic blood flow in the functional
subsystem of the system «mother—placenta—fetus».

Arteriole and venous types of blood flow were registered in
the interstitial space of the overwhelming majority (69 (79.3%)
of in IT group patients, as well as in the I one. In the remaining
18 (20.7%) subjects of this group, there was no blood flow in the
intervellon space. In I group of patients, the fundamental differ-
ence from the latter was that in all analyzed cases, the absolute
values of the systolic-diastolic ratio in the right and left uterine
arteries exceeded 3.3, which indicates a high peripheral resistance
in the utero-placental pool.

Physiological restriction of the incoming volume and pres-
sure of maternal blood is essential for the normal development
of pregnancy. It can be assumed that during the physiological
course of gestation, «plugs» of trophoblastic cells in the spiral
arteries prevent the mother’s blood from entering the intersti-
tial space, protecting the chorion villi from high blood pressure
in the uterine artery pool. An increase in blood pressure in the
intervellon space, as a result of high peripheral resistance in the
uterine vessels, can significantly disrupt the connection of the
chorion with the uterine wall and lead to its ischemia and ex-
foliation.
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In our opinion, the state of hemodynamic processes occurring
in the intervelous space in ITT group pregnant women is of extreme
interest. The vast majority of patients in this group, 80 (85.1%),
had no blood flow in the interstitial space, and only 14 (14.9%)
of the examined patients had a pulsating arterioid type of blood
flow. In contrast to I group pregnant women, in IT group patients,
the absence of blood flow in the intervillar space was accompa-
nied by significantly high absolute values of the systolic-diastolic
ratio in the right and left uterine arteries — 3.3 (3.2-3.5) and 3.0
(2.8-3.6), respectively.

The mechanisms of regulation of blood flow in the interstitial
space are still the subject of research. A. Karimu and G. Burton
(1993) believed that blood pressure in the vascular villi network
plays a role in regulating both their total volume and location in
the interstitial space. With increasing blood pressure in the feto-
placental pool (for example, with the development of hypoxia), the
total functional surface area of the villi and the distance between
them expands, which increases the possibility of gas exchange.

As a result of the obtained data analysis, it was found that,
both at 11-12 and 16—17 weeks of gestation, the highest inten-
sity of blood flow in the uterine artery pool was recorded in the
group of patients with a physiological course of pregnancy. Thus,
the systolic-diastolic ratio of the right and left uterine arteries in
these subjects was 1.6 (1.5-1.8) and 1.8 (1.6-2.0), respectively.
Our own research confirms the opinion of most authors that the
maximum reduction in uterine artery resistance, which is charac-
teristic of pregnancy with a physiological course, occurs exactly
before 16 weeks [2, 3]. This means the completion of morphologi-
cal changes in the spiral arteries and the final formation of low-
resistant blood flow in the uterine artery basin.

In pregnant women after ART application, the analyzed indi-
cators were significantly higher (1.2-2.0 times; p<0.0001). The
systolic-diastolic ratio in the right uterine artery in the I1I group
was 2.1 (1.9-2.6), in the IT group — 3.1 (2.5-3.3), in the I group
—2.6(2.5-3.2). Similar data were obtained during the analysis of
the curves of blood flow rates in the left uterine artery (2,2 (1,9—
2,5);3,2(2,6-3,4); 2,7 (2,5-2,9) respectively). The obtained data
illustrate the inferiority of the second wave of trophoblast inva-
sion, which is completed by this gestation period.

In contrast to the control group, in which the systolic-di-
astolic ratio in the fetal umbilical artery was 3.4 (3.3-3.5), III
group patients, despite slight differences in absolute values, had
significantly higher intensity of umbilical blood flow (S/D — 3.3
(3.5-3.6); p=0.03).

At the same time, feto-placental hemodynamics in patients of
I and II groups were characterized by a significant increase of nu-
merical values of indicators of blood flow in the umbilical artery
(S/D — 4,5 (4,4—4,7); p=0.0001 and 3.5 (3,5-3,6); p=0.03, respec-
tively), indicating increased peripheral vascular resistance of fetal
part of the placenta, morphological substrate of which is the reduc-
tion of vascularization and microvascular lesions of terminal villi.

Certain features were also revealed in the study of blood flow
indicators in the fetal midbrain artery. Based on the research
of Orlov (2006), first identified and explained the existence of
the 5 periods in the prenatal development of the fetus, each of
which manifests a certain ratio of Doppler as uterine and fetal
vessels [2], the investigated period of gestation (weeks 16—-17)
identified by the author as the initial stage of starting the physi-
ological hypoxemia, characterized by a low level of oxygen in in-
terstitial space and impressive stability (almost identical to the
performance of systolic-diastolic ratio in umbilical artery, aorta
and mid-cerebral artery of the fetus) blood flow in the main fetal
vessels during the physiological course of gestation. In our study,
in control group patients, the systolic-diastolic ratio of the fetal
middle cerebral artery at 16—17 weeks of gestation was 3.4 (3.4—
3.5), almost completely coinciding with the same indicator in the
umbilical artery (S/D — 3.4 (3.3-3.5).
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Thus, patients of IIT group had a higher intensity of blood
flow in the indicated vessel, as evidenced by significantly lower
(S/D 3.2 (3.1-3.3), compared with control group (S/D 3.4
(3.4-3.5) absolute values of the systolic-diastolic ratio. An in-
crease in the intensity of blood flow in the fetal medial artery
(against the background of increased vascular resistance in the
umbilical artery) was also recorded in the IT group (S/D — 2.8
(2.7-2.9).

The occurrence of early centralization of fetal blood circula-
tion with hyperperfusion of intracranial structures that develop
in a situation of utero-placental hemodynamics deficiency is an-
other compensation mechanism in the hemodynamic subsystem
of the functional system «mother—placenta—fetus».

On the contrary, the fetuses examined from I group
showed higher peripheral resistance in the middle cerebral ar-
tery of the fetus (as well as in the umbilical artery). It should
be noted that this category of subjects recorded the highest ab-
solute values of the systolic-diastolic ratio in the specified ves-
sel — 4.4 (4.3—4.5), which characterize a significant decrease
in the intensity of cerebral blood flow, compared with all the
analyzed groups.

The study of hemodynamic features in the fetoplacental com-
plex at 20—22 weeks of gestation also revealed a number of patterns.

Thus, in control group patients, against the background of
stable hemodynamic parameters in the uterine arteries (almost
identical to similar indicators at 16—17 weeks), there was a further
increase in the intensity of blood flow in the umbilical artery (S/D-
3.1 (2.6-3.4) and an increase in peripheral vascular resistance in
the middle cerebral artery of the fetus (S/D — 4.1 (3.6-4.4).

Special attention deserves the fact that I groups fetuses again
asin 16—17 weeks of gestation, the highest absolute values of sys-
tolo-diastolic ratio in umbilical artery (3,6 (3,4—3,7) and middle
cerebral artery of the fetus (4,6 (4,5-4,8) were observed. Those
indicate the absence of a compensatory mechanism which ensures
an adequate cerebral hemodynamics.

CONCLUSIONS
Thus, the results of the study allow us to attribute Doppler
ultrasound to highly informative research methods that make
it possible to predict hemodynamic changes in the mother-
placenta-fetus system, depending on the type of infertility,
conduct preventive measures and proper correction in time.
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