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PoJ1b yIBTPa3BYKOBBIX IIOKa3aTe/ied 1 KJIIMHUKO-aHAMHECTHUYECKUX
JAHHBIX IIPH MO3HEH 3aJePKKe POCTA IVI0AA KaK MOTEeHIINATbHBIX
(¢raKTOPOB pPHUCKA rOCHUTAIN3AINN HOBOPOKAeHHBIX B OPUT

E.A. lllep6akoBa, H.I'. Uctromuna, A.H. bapanos, A.M. I'pkuGoBCKuit

@OI'BOY BO «CegepHbilil 20cydapcmeetHblil MeduyuHCKUiL yHugepcumem» Munsdpaea Poccuu, Apxanzensck, Poccus

AHHOTAIIUA

BBenenue. 3agepxka pocra mwioza (3PII) siBisercs oAHUM U3 OOJIBIINX aKyIIEPCKUX CUHIPOMOB, BCJIEJCTBHE
KOTOPOTO OTMeYaeTcsl BBICOKAas YacTOTa CIyuyaeB TOCIUTAIN3AUY HOBOPOXKEHHBIX B OT/leJIeHle peaHUMaluy U UHTeH-
cuBHoti Tepanuu (OPUT). CBoeBpeMeHHOE po/iopa3pellieHre — eJMHCTBEHHBIA METO/T YIyUIIeHUs IEpUHATAIBHBIX HCX0-
ztoB. TeM He MeHee 10 CUX IIOP He BBISABJIEHBI TPEAUKTOPHI, IIO3BOJISIONINE OIIPEAETUTh ONTUMAIbHBIE CPOK U METO/T, POJIO-
paspelieHus ¢ yueToM NHAUBUAYaTU3UPOBAHHOTO IIOJX0A.

Il e 1 5. BBIABUTH CBA3b KIMHUKO-aHAMHECTHYECKHUX JAHHBIX, YJIBTPA3BYKOBBIX ITOKAa3aTeJleld W TOCIUTATU3AIUU B
OPUT 11 HOBOPOXKAEHHBIX IPU 031HEM (peHoTurIre 3PIT.

Martepuan u mertogs . C2018 no 2022 r. B [lepuHaTaJibHOM IIEHTPe APXaHT€JTbCKOH 00JIACTHON KJIMHU-
yecKoi 60bHUIBI (T. ApXaHTEIbCK) ITPOBOAUIIOCH CIIOITHOE KOTOPTHOE HCCIIe/I0OBaHUe. B BBIOOPKY BOIILIH 314 JKEHIIHUH
c moyto3perreM Ha 3PII. YToOBI OLIEHUTH CBSI3b MEK/Ty TOCITUTAIN3AIel HOBOPOsK/IeHHBIX B OPUIT U pa3IMyHbIMU MOKa-
3aTeJISIMH, BKJIIOUast YIbTPa3ByKOBbIE TaHHbIE, KIMHUYECKIe TaHHbIe 1 aHaMHe3, ObLT MPUMeHEH MHOTOMEPHBIN perpec-
cuoHHBIN aHamu3 [lyaccona. Takke ObUIM PACCUUTAHBI HECKOPPEKTHPOBAHHBIE U CKOPPEKTHPOBAHHBIE OTHOCUTEIbHBIE
pucku (OP) ¢ 95% nosepurtenbHbIMu nHTEpBasIamMu (JI1).

Pes3ynbTartbl. B11lcayyasax, YTO COCTABISAET 35,4 % OT 0OIIel YrCIEHHOCTH KOTOPTHI, ObLIT 0OHAPYKEH MTO3THUH
(enoTHI Baziep:KKU pocTa 1m1o/a. M3 Hux B 41 ciy4ae (36,9 %) HOBOPOIK/IEHHBIM BITOCJIEZICTBUY TPeOOBaIach TOCITUTATIH-
3anus B OPUT. B mapcMMOHUYHYIO MO/IEJIb ObLIM BKJIFOUEHBI 4 CTATUCTHYECKU 3HAYNMBIX (pakTopa pucka. OTKIOHEHUs
oKazaTeJsiell MyJIbCAI[MOHHOTO H/IeKca MaTouHoi aprepuu (ITM MA) (OP = 1,28; 95% JTU: 1,04—1,57), BADUKO3HOE pac-
IIMpeHne BeH HIKHUX KoHeuHocted (OP = 1,90; 95% JIU: 1,12—3,26) u Hanuuue GepemeHnHoctu ¢ 3PII B aHamHe3e
(OP =1,67; 95% IU1: 1,03—2,71) ObLIN CBSI3aHBI C TSIKEJIBIM COCTOSTHUEM PeOEHKA IPU POKZeHUU. VI3MeHeHue moKa3aTe-
Jieli TyJIbCallMOHHOTO HH7IeKca apTepun mymoBuHBI (ITM AIT) 6bLI0 CBSI3aHO C MEHBIIIMM PUCKOM TOCIUTATIN3AINH HOBO-
poxaenubix B OPUT (OP = 0,78; 95% IN: 0,61—0,99).

3axkinwueHue . OrrioHeHus nokazaresnei [T MA o JaHHBIM yJIBTPa3ByKOBOTO JIONIIEPOrPpadUUECKOTO UCCIIe-
JTOBaHUS, HATUYHE BADUKO3HO-PACITUPEHHBIX BeH y MaTepu 1 6epeMeHHOCTH ¢ 3PIT B aHaMHe3€e MOTYT UMETh IIPOTHOCTH-
YecKoe 3HAUeHUe /I MPUHATHSA PEIIeHNs O BpeMEHU U METO/Ie POJIOpa3peIeHus JJisl YIydIllleH!s] FCX0/I0B B IIEPUHA-
TasibHOM niepuozie. ismenenue [N ATl 6bLIO CBSA3aHO C MEHBIIIUM PHUCKOM TOCIIUTAJIM3AIUNA HOBOPOXK/IeHHBIX B OPUT.
JI71 co371aHusA BJIUJIHBIX MO/IeJIed IPOTHO3UPOBAHUS NEPUHATAJIBHBIX OCJIOKHEHUH C JIOCTATOYHBIMHU YPOBHAMH UyB-
CTBUTEJILHOCTU U CIEU(PUUHOCTH HEOOXOAUMO MPOBEIEHUE JaTbHEHINNX, 60Jiee KPYITHbIX MHOTOIIEHTPOBBIX HCCIIE/I0-
BaHUU.

Kmouessbte crosa: nonmseporpadus, 3a/iep:Kka pocTa 1o, YIbTPa3ByKOBOE UCCIIe/IoBaHUE, (PaKTOPhI PUCKA, BapH-
KO3HOE paclIupeHre BeH HUKHUX KOHEUHOCTEH.
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Role of ultrasound parameters and clinical anamnestic data
in late-onset fetal growth restriction as potential risk factors
for neonatal admission to the intensive care unit

E.A. Shcherbakova, N.G. Istomina, A.N. Baranov, A.M. Grjibovski

Northern State Medical University, Arkhangelsk, Russia

ABSTRACT

Introduction. Fetal growth restriction (FGR) is one of the major obstetric syndromes which leads to a high
incidence of neonatal admission to the intensive care unit (ICU). Timely delivery is the only method to improve perinatal
outcomes. However, no predictors have yet been identified to determine the optimal timing and mode of delivery, consider-
ing an individualized approach.

A im . To identify the relationship between clinical and anamnestic data, ultrasound parameters and neonatal ICU
admission with late-onset FGR.

Materials and methods. Acontinuous cohort study was carried out at the Perinatal Center of the
Arkhangelsk Regional Clinical Hospital from 2018 to 2022. The sample included 314 women with suspected FGR. Multi-
variate Poisson regression was used to assess the association between neonatal ICU admission and different variables,
including ultrasound, clinical data, and medical data. Unadjusted and adjusted relative risks (RR) with 95% confidence
intervals (CI) were also calculated.

Results. Inii1cases, which are 35,4% of the total, late-onset FGR was detected. Of these, in 41 cases (36,9%), new-
borns subsequently required ICU admission. Four statistically significant risk factors were included in the parsimonious
model. Abnormalities of the uterine artery pulsatility index (UtA PI) (RR = 1,28; 95% CI: 1,04—1,57), varicose veins of the
lower extremities (RR = 1,90; 95% CI: 1,12—3,26) and recurrent FGR (RR = 1,67; 95% CI: 1,03—2,71) were associated with
poor status of the newborn at birth. Changes in the umbilical artery pulsatility index (UmA PI) were associated with a lower
risk of neonatal ICU admission (RR = 0,78; 95% CI: 0,61—0,99).

Conclusion. Abnormal UtA PI values revealed during Doppler ultrasound examination, varicose vein disease in
the mother, and recurrent FGR may have a predictive value for deciding on the timing and mode of delivery to improve
perinatal outcomes. Abnormal UmA PI values were associated with a lower risk of neonatal ICU admission. It is necessary
to reproduce the results in further larger multicenter studies to create valid models with appropriate levels of sensitivity
and specificity for predicting perinatal complications.

Keywords: Doppler, fetal growth restriction, ultrasound examination, risk factors, varicose veins of the lower extremi-
ties.
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BBEJAEHUE

3azep:xka pocra wioza (3PII) — cocrosiHue, IpU
KOTOPOM TPOUCXOAUT HEAOCTATOYHOE pPa3BUTHE
IUIOZIa BCJIEZICTBUE MUCHYHKIIUU ILIAIEHTHI, YTO B
KOHEYHOM HUTOTE MPUBOJUT K BBHICOKHM IIOKa3are-
JisiM 3a00JIeBa€EMOCTH ¥ CMEPTHOCTH B ITEPUHATAb-
HOM nepuoye [1]. [Ipu 3amep:xke pocTa MPOUCXOAUT
HapyllleHWe KPOBOTOKAa B CHCTEME «MaTh — ILIa-
IIeHTa — IUIO/I», KOTOPOE B aIbHEHIIIEM IPUBOJTUT K
TSI?KEJIOMY COCTOSTHHUIO HOBOPOK/IEHHOTO M HEe00X0-
JUMOCTH TOCIIUTAIM3AIUN B OT/E/IEHHE peaHnMa-
UM U uHTeHcuBHOW Tepamuu (OPUT) [2]. IIpu
no3auer 3PII, kak mpaBwiIo, MpeobsaZaloT MaTe-
PUHCKHE CTPOMAaJIbHO-COCYAMCThIE W3MEHEHUs B

INTRODUCTION

Fetal growth restriction (FGR) is the failure of
fetal growth because of placental dysfunction, which
ultimately leads to high rates of perinatal morbidity
and mortality [1]. In growth restriction, blood flow in
the mother-placenta-fetus system is disrupted,
which further leads to a life-threatening condition of
the newborn and the need for hospitalization in the
intensive care unit (ICU) [2]. In late-onset FGR, the
maternal vascular malperfusion-associated changes
usually predominate, which can lead to unfavorable
outcomes not only in the actual pregnancy but in the
subsequent ones as well [3]. Placental insufficiency
and fetal hypoxia are also observed in cases of vari-
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IUTAIleHTe, KOTOPbIE MOTYT IPUBOJHUTHL K HebJaro-
MPUATHBIM KMCXOZ|aM He TOJBKO IPH JaHHOH Gepe-
MEHHOCTH, HO U IIpH TTocyieaytonux [3]. Takske mia-
[IeHTapHas HEJIOCTAaTOYHOCTh W THUIIOKCUS ILIO/A
HaOJTIOIAIOTCS B CIy4YasiX BAPUKO3HOTO PACIITUPEHHs
BeH HIKHUX KoHeuHocrell (BPBHK) sBciencrBue
CTPYKTYPHBIX IOPAYKEHUH BEHO3HBIX COCYIOB [4].

JlnarHOCTHKA U OIlleHKA COCTOSIHHUsA IUIOAA IIpU
3aJ1eprKKe POCTa OCYIIECTBIISIETCS IIPU ITOMOIIIH YJThb-
Tpa3BykoBoro wuccienoBanus (Y3M) c mpumene-
HHMeM MeToza pgomiieporpaduu. OreHuBaTCs
IOKa3aTeJu IyJIbCAIIHOHHOTO WHJIEKCA apTEepUH
mynoBuHbI (ITN AIT) u cpesHell MO3TOBOU apTepUH
(ITK CMA), a Takske maTouHou aprepuu (IT1 MA) u
nepebpo-mianeHTapuoro otHomenus (I1[I10) [5].
B wuccimenoBanuu R. Peasley et al. (2023) O6buin
OT/IEJIHO BBIJIEJIEHBI ILIOABI TPYIIBI BBICOKOTO
pucka noszgHeil ¢popmer 3PII, BriIoUaomei HaIu-
Ype MpeIIoIaraeMoyd Macchl IUI0Z[a MeHee 3-TO IeH-
T, [T AIl >95-T0 IeHTU IS WIN IpeArioJiarae-
MOM Macchl IIofiIa OT 3-TO JI0 10-TO IEHTHJISA WJIN
OTKJIOHEHUE TI0Ka3aTesel OKPYKHOCTH KUBOTA TN
OTKJIOHEHUS JIOIIIeporapuUecKnX IOKa3aTeJIen.
B saHHO¥ TpyIre 3HAYUTEIBHO dallle OTMedaiach
TUIIOTEPMUS, TUIIOTJIMKEMUS U CIIyYar TOCITUTAIIH-
zaruu B OPUT [6]. UmeHHO 03TOMY BBIOOD CPOKA U
METOZ]a POJI0Pa3PeIIeHUs KpaliHe BasKHBbI JIJIS YIyd-
[IEeHUS TEPUHATATHHBIX UCXO/IOB.

IIEJIb NCCJIEJOBAHU A

BuisIBUTHE  CBsI3h  KJIIMHHUKO-aHAMHECTUYECKHUX
JIAHHBIX, YJIbTPa3BYKOBBIX ITOKA3aTeJIeH M rOCITUTA-
auzanuu B OPUT n1d HOBOPOXKEHHBIX MPU MO3/1-
HeM denorune 3PII.

MATEPUAJIBI 1 METO/bI

Jlusaiin uccaedosamus

B IlepuHaTanbHOM IIeHTpe ApXaHTeJIbCKOHN
00J1aCTHOM KJIMHUYECKOH OonpHULBI (T. ApxaH-
TeJIbCK) C 1 AHBaps 2018 110 31 Aekabps 2022 T. mpo-
BOJWJIOCH KOTOPTHOE HCCJIEIOBAHUE, B KOTOPOM
BCETO IPUHSIN YyJacTHe 314 >KeHIUH, OepeMeH-
HOCTb KOTODPBIX IIPEAINOJIOKUTENBHO MPOTeKasa Ha
¢one mozguero denorumna 3PII [7]. BkiaoueHue B
HCCIIe/IOBAHUE MIPEAyCMATPHUBAJIO CJIEAYIOIINe KPH-
TEPUU: BO3PACT MaTEPH OT 19 JI0 45 JIET, €CTECTBEHHO
HACTYIUBIIAsI OepeMeHHOCTh OJHUM pPeOEeHKOM,
OTCYTCTBHE BPOXKJEHHBIX aHOMAJINH Y IIJI0JIa, IIpe-
HaTayJbHO AuarHoctupoBanHas 3PII u cornacue Ha
yJacTue B MCCIeA0BAaHUU. VICKITIOUaINCh U3 UCCIe-
JIOBAaHUS JKEHIUHBI ¢ MHOTOIUIOAHON OepeMeHHO-
CTHIO, HAJINUKEM Y IIJIO/Ia BPOK/I€HHBIX aHOMAaJIHH,
6epeMeHHOCTBIO, HACTYNHBIIEH C IMOMOIIBIO BCIIO-
MOTATeJIbHBIX PENpPOAYKTUBHBIX TEXHOJIOTHH, a

cose veins of the lower extremities (VVLE) because
of structural lesions of the venous vessels [4].
Diagnosis and assessment of fetal status in growth
restriction is carried out using Doppler ultrasound.
Such parameters as the umbilical artery pulsatility
index (UmA PI) and the middle cerebral artery pul-
satility index (MCA PI), as well as the uterine artery
pulsatility index (UtA PI) and the cerebro-placental
ratio (CPR) are evaluated [5]. In a study by Peasley et
al. (2023), fetuses of the high-risk group of late-onset
FGR were separately identified, including the pres-
ence of estimated fetal weight <3™ centile, UmA PI
>95"™ centile, or estimated fetal weight from 3 to 10™
centile, or with abnormal abdominal circumference,
or abnormal Doppler parameters. Hypothermia,
hypoglycemia, and ICU admission were significantly
more common in this group [6]. That is why the
choice of the timing and mode of delivery is of utmost
importance for improving perinatal outcomes.

AIM OF THE RESEARCH

To identify the relationship between clinical and
anamnestic data, ultrasound parameters and neona-
tal ICU admission in late-onset FGR.

MATERIALS AND METHODS

Study design

From January 1, 2018 to December 31, 2022, a
cohort study involved a total of 314 women with sus-
pected late-onset FGR was carried out at the Perina-
tal Center of the Arkhangelsk Regional Clinical Hos-
pital [7]. Inclusion criteria were the following: mater-
nal age from 19 to 45 years, naturally occurring
singleton pregnancy, no congenital fetal anomalies,
prenatally diagnosed FGR, and consent to partici-
pate in the study. Women with multiple pregnancies,
fetal congenital anomalies, pregnancy caused by
assisted reproductive technologies, as well as those
who refused to participate, were excluded from the
study. Subsequently, the cases were reanalyzed tak-
ing into account the modern Delphi consensus crite-
ria (2016) and the INTERGROWTH-21* standards;
as a result, 111 cases of FGR were included in the
study, and the course of pregnancy was followed-up
until delivery.

The group of cases of neonatal ICU admission
was compared with the group in which neonatal sta-
tus was satisfactory or of medium severity. The com-
parison was based on the value (for continuous vari-
ables) and frequency (categorical variables) of poten-
tial risk factors. Specialists assessed the condition of
newborns using 1-min and 5-min Apgar scores. In
Apgar score from 4 to 10, neonatal status was consid-
ered satisfactory. When Apgar score was <4, resusci-
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TaKKe Te, KTO OTKA3aJici y4acTBOBaTh. B Jaiyb-
HeHumeM caydad ObUTHM TOBTOPHO ITPOAQHATHU3UPO-
BaHBI C YUYETOM COBPEMEHHBIX KPUTEPHUEB KOHCEH-
cyca Delphi (2016) u I1eHTHIBHBIX TabJIHI]
INTERGROWTH-21st; B pe3ysibrare B HcCI€I0BA-
Hue BolLIH 111 ciaydaeB 3PII, TeueHre GepeMeHHO-
cTH OBUIM OTCJIEXKEHO [0 MOMEHTa pojopaspe-
HIEHUS.

I'pymma ciyuaes, Korga noTpeboBaiach TOCIUTA-
JIM3aIs HOBOPOXKIEHHBIX B OTAeJIeHUE pPeaHuMa-
MY ¥ UHTEHCUBHOU TepaIluy, CPAaBHUBAJIACH C TPYII-
IO, B KOTOPOH COCTOSTHHE HOBOPOXKEHHBIX pacIie-
HUBAJIOCh KaK YZOBJIETBOPUTEIHHOE WU CPEeIHEeH
creneHu TspKecTH. CpaBHEHME IIPOUCXOAUIIO II0
BesinunHe ([JIs1 HEIPepHIBHBIX IE€PEMEHHBIX) U
yacToTe (KaTeropuajibHble ITepeMeHHbIe) MOTEeHITH-
IbHBIX (PaKTOPOB pucka. CrenuajaucTaMu IMpoBe-
JleHAa OIIEHKA COCTOSTHUST HOBOPOJK/IEHHBIX TI0 IIIKAJIE
Anrap Ha IepBOM W HATOU MHUHYyTaX KU3HU. Ilpu
JIOCTIDKEHUH OT 4 10 10 6ajijioB COCTOSHHE HOBO-
POKIEHHBIX  CUYUTAJIOCh  YIOBJIETBOPUTEIHHBIM.
B ciayuae, xorma omeHKa MO IIIKajie COCTABJISIIA
MeHee 4 0aJUIOB, IIPOBOAUJINCH PEAHUMAI[OHHBIE
MepOIpHUATHS, W B JajbHelnieM pebGeHOK ObLT
TOCIUTAJIN3UPOBAH B OTAeJeHHE WHTEHCHUBHOM
tepanuu [8]. ITlokazaHuWeM Il TOCHUTATH3ALNU
SIBJISITIOCHh HAJIU4YUE Y HOBOPOXKAEHHOTO C IMO3/THEH
¢opmoii 3PII npu recranuy TAXKeIbIX HAPYIIEHUH
BUTAJIbHBIX (GYHKIUU (Tpebyrornee JIr0O0H abIxa-
TeJIbHON TOAJIePKKH, IPOBe/leHUsl WHQPY3UOHHOMN
Tepanuy U MapeHTePaTbHOTO MUTAHUS U BBEJIEHUS
HMMYHOTJIOOYJIMHA).  AHTEHATaJbHO  THUIIOKCHUS
wiona ObLTa BBISBJIEHA NMPU IOMOIIU WHCTPYMEH-
TaJIBHBIX METOZOB, BKJIIOUAs YIbTPA3BYKOBOE HCCIIE-
JIOBaHUE U KapauoTokorpadumwo [5, 9].

BepeMeHHBIM JKEHITMHAM C IOIO3PEHHEM HAa
3PII 66110 IPOBEEHO MTOTHOE 00CIEIOBAHKE B COOT-
BETCTBUU C KJIMHUYECKUMU PEKOMEeHJIalNAMU
MuHucrepcrBa 3apaBooxpaHeHua PP «Hopmaib-
Hasi OepeMeHHOCTh» (2020) m «HemocTaTouHBIH
poCT 110718, TPeOYIIMUH IPEIOCTABIEHUS MeIH-
IIMHCKOU IIOMOIITY MaTePH (3a71eprKKa pocTa II0/1a)»
(2022). T'ecTanOHHYI0 apTEPHATBHYIO THIIEPTEH-
3u0 (AI') AMAarHOCTHPOBAIH, €CIU TOoCie 20-H
HeZleTu OepeMeHHOCTH CHUCTOJIMYECKOE [IaBJIEHHE
MIPEBBIINIATIO 140 MM PT. CT., 2 AHUACTOJTHYECKOE —
90 MM PT. CT. B XO/ie JIBYX U Oojiee U3MEpEeHUuu ¢
WHTEPBAJIOM He MeHee YeThIpeX dacoB. B ciaydae
Pa3HBIX PE3YJIBTATOB Ha 00X PyKaX OpUEHTUPOBA-
Jamch Ha Oosiee BBICOKHE 3HaueHUs. VHaeKe Macchl
tesa (IMT) paccyuThIBaIu Kak OTHOIIEHUE MaCChl
Tesna (kr) K kBazapary pocta (m). [Ipu manpHemmen
00paboTKe JTAaHHBIX Mbl YIUTHIBATH HEJIOCTATOYHYIO
Maccy Tena (<18,5 kr/m2). IIpu cbope aHaMHe3a 1 Ha

tation was carried out, and later the newborn was
admitted to the ICU [8]. Indications for admission
were severe disorders of vitals in the newborn with
late-onset FGR during gestation (requiring any
respiratory support, infusion therapy, parenteral
nutrition, and administration of immunoglobulin).
Antenatal fetal hypoxia was detected using clinical
investigation, including ultrasound and cardiotocog-
raphy [5, 9].

Pregnant women with suspected FGR underwent
a full examination in accordance with the clinical
recommendations of the Ministry of Health of the
Russian Federation “Normal pregnancy” (2020) and
“Insufficient fetal growth requiring maternal medical
care (fetal growth restriction)” (2022). Gestational
hypertension was diagnosed if, after the 20" week of
gestation, a systolic pressure exceeded 140 mm Hg
and diastolic pressure — 90 mm Hg during two or
more measurements with a minimum four-hour
interval. With different results on both hands, we
considered higher values for diagnosis. Body mass
index (BMI) was calculated as the ratio of body
weight (kg) to the square of height (m). When further
processing the data, we considered underweight
(<18,5 kg/m?). When taking medical history and
based on medical records, we found out whether the
patient smokes and whether FGR had been diag-
nosed in previous pregnancies. VVLE was confirmed
by the presence of nodular or tortuous subcutaneous
veins with a diameter of over 3 mm in an upright
position. We also considered the results of the ultra-
sound examination of veins of lower limbs, confirm-
ing stage C2 and higher. Cervicitis was diagnosed
based on the results of culture from the cervical
canal: the diagnosis was made when at least 105 col-
ony-forming units (CFU) of the same type of micro-
organisms were detected.

Ultrasound examination, which assessed blood
flow parameters using Dopplerography, was per-
formed on an expert class Voluson E8 ultrasound
system (General Electric, USA). Crown-rump length
was used to determine the exact gestational age. The
measurement was carried out at 9*°—13*% weeks of
gestation. If crown-rump length did not correlate to
the menstrual cycle length for over 5 days, the gesta-
tional age was adjusted.

During the ultrasound examination, the fetal
heartbeat, amniotic fluid volume and placenta local-
ization were assessed. Fetometric data obtained dur-
ing ultrasound were analyzed using the Hadlock
sonographic model and the INTERGROWTH-21
standards [10, 11]. To measure the amniotic fluid vol-
ume, the amniotic fluid index (AFI) and the maxi-
mum vertical pocket were evaluated. After that,
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OCHOBE JIaHHBIX MEJUIIMHCKON JIOKyMEeHTaI[uu
BBISICHSJIN, KyPUT JIU MAI[MeHTKAa U ObLIa JIU TUaTHO-
crupoBana 3PII mpu npeapIynux 6epeMeHHOCTSIX.
BPBHK 65110 TOITBEPKAEHO HAIMYKEM Y3JI0BATHIX
WIN U3BUTBHIX ITOJIKOKHBIX BEH JUaMeTpoM Oosee
3 MM IIpU BEPTUKAIHBHOM IOJIOXKEHUU TAIMEHTKHU.
Taxoke Mbl YIUTHIBAJIN PE3YJIbTATHI YIBTPA3BYKOBBIX
HMCC/IEIOBAHUI BeH HHIKHHMX KOHEUYHOCTEH, II0I-
TBepKAAoNUX cTaiuio C2 u BeIe. llepBuiur ompe-
JIeJIAJIN 110 Pe3yJIbTaTaM II0CEBOB U3 IIEPBUKATIBHOTO
KaHaJa: TUarHO3 CTAaBWIN IIPU BHIABIEHUU HE MEHEe
105 kosnouuneobpasywmux eauHun, (KOE) omxoro
TUIIAa MUKPOOPTaHU3MOB.

VYIpTpa3ByKOBOE HCCJIEIOBAHHE, B pAMKAX KOTO-
PpOTo OIIEHUBAJIUCH ITapaMeTPbl KPOBOTOKA C IIOMO-
1IbI0 JIoMNIIeporpaduu, BHIIOJHAIOCH HA allliapaTe
skcreptHOro Kimacca Voluson E8 (General Electric,
CIIA). 1151 TOCTaHOBKH TOYHOTO CPOKA GepeMeHHO-
CTH OBLIT WCIOJIB30BAH KOMYHKO-TEMEHHOH pa3mep
wioga (KTP). ViamepeHre TPOBOAWIN IIPHU CPOKE
9°—13*% mey recranuu. Eciim KTP He cooTBeTcTBO-
BaJI MEHCTPYaJIbHOMY CPOKy 0oJiee 4eM Ha 5 JHEH,
CPOK recTallil KOPPEKTUPOBAJICA.

Bo BpeMsI y/IbTPa3ByKOBOTO HCCJIEIOBAHUS OBLIO
OIIEHEHO CepAIebreHne 101, KOJIMYECTBO OKOJIO-
IJIOTHBIX BOJI U PACIIOJIOKEeHHe IIareHTh. ®eTome-
TpUYECKUE J[aHHbIE, IOJyYEHHBbIE B pe3yJbTaTe
V3U, 6buTH IPOAHATU3UPOBAHBI C ITIOMOIIBI0 GOP-
Myspl  XB/UI0Ka M IEHTWIbHBIX  TaOJIuIf
INTERGROWTH-21st [10, 11]. [I;11 udmepenus 06b-
eMa OKOJIOIUIOJHBIX BOJI BBIINOJIHAJIACH OIleHKa
nHAeKca aMHuorudeckoit xuakoctu (MAXK) u mak-
CHMaJIbHOTO BepTHKaiIbHOrO kKapmaHa (MBK).
ITocne aHaIM3UPOBAIM KPOBOTOK B apTepUU IIyIIO-
BuHbl (AIl). [TokazaTenu WU3MepsIH HA CBOOOIHO
pAacIoJIOKEHHOW TeTse MyNoBUHBI. l3MepeHue
rmapaMeTpoB KPOBOTOKA B CpeZlHEe MO3roBOH apTe-
puun (CMA) 1mpoBOAWJIM TPOKCHMAJIbHEE MeCTa
BBIXOJIa cocy/ia u3 Businsuesa kpyra. KpoBoTok B
MAaTOUYHBIX apTepHUAX HCC/IEIOBAIU IIPU INPOJOJIb-
HOM CKAaHMDOBAaHHUU CTEHKH MAaJIOTO Tasza. 3aTeM,
0OHapy»KUB 00J1aCTh Pa3/iesIeHus1 00IIel MO B3I0III-
HOU aprepuu, YJIbTPA3BYKOBOM JIaTUUK IepeMe-
maii K O0KOBOU CTEHKE MATKH /IO MOJIyYeHUsI U30-
OpakeHus KpoBoTOKa MA. 3aTeM BBIUYNCIAIN CPEJI-
Hee apu@MeTHYeCKOe IIyJIbCAIIMOHHBIX HHJIEKCOB
MPaBOH M JIEBOM MATOYHBIX apTepui. [lyibcanuos-
eIl uHAeKe ([TM) paccuuThIBaIM KaK OTHOIIEHHE
Pa3HUIBI MEXK/Ty MAKCUMAaJIbHOW CHUCTOJTUYECKOU U
KOHEYHOH JIUACTOJTUYECKOU CKOPOCTBHIO K CpeHeH
ckopoctu kposoroka. IIIIO paccmarpuBasioch Kak
otHomenue IIMM CMA k IIM AIl. IlynouHo-
nepebpaipHoe oTHOIeHue ([T110) — nHBepcust yuc-
JIUTENIA U 3HAMEHATeJIsl TOKa3aTesel MpU pacuere

umbilical artery (UmA) blood flow was analyzed on a
loosely positioned loop of the umbilical cord. Param-
eters of middle cerebral artery (MCA) blood flow
were measured proximally to the vessel outlet from
the circle of Willis. Uterine arteries’ blood flow was
examined by longitudinal imaging of the pelvic wall.
Then, having detected the site of the common iliac
artery division, the ultrasound transducer was moved
to the lateral uterine wall as long as visualization of
the UtA blood flow was obtained. Then the arithme-
tic mean of pulsatility indices of the right and left
uterine arteries was calculated. The pulsatility index
(PI) was calculated as the ratio of the difference
between the maximum systolic and final diastolic
velocity to the average blood flow velocity. The CPR
was considered as the ratio of MCA PI to UmA PI.
The umbilical-cerebral ratio (UCR) is the inversion
of the numerator and denominator of the indicators
when calculating the CPR. In assessing the values of
the CPR, the Fetal Medicine Foundation (FMF) ref-
erence [12] and the clinical recommendations “Insuf-
ficient fetal growth requiring maternal medical care
(fetal growth retardation)” 2022 were used [5]. The
UCR analysis was carried out based on the reference
values provided by Acharya et al. [13].

Statistical analysis

Binary variables are represented as absolute num-
bers and percentages, while quantitative ones — as
arithmetic averages (M) and standard deviations
(SD). Differences between the groups in ultrasound
parameters were assessed using the nonparametric
Mann-Whitney test. Pearson’s chi-square test and
Fisher’s exact test were used to evaluate categorical
values, depending on the expected values in each cell.

Multivariate Poisson regression was used to
identify the relationship between potential risk fac-
tors and neonatal ICU admission. It was used to
evaluate unadjusted and adjusted relative risks
(RR) with 95% confidence intervals (CI). Robust
variance in the CI analysis was used to more accu-
rately reflect the variability of the regression coeffi-
cients [14]. Based on the literature data, the follow-
ing potential risk factors were included in the mul-
tidimensional models: age under 25 years, UtA PI,
UmA PI, CPR, oligohydramnios, BMI <18,5 kg/m?,
diagnosed gestational hypertension, VVLE, smok-
ing, cervicitis, delivery of a child with FGR in the
history. The ultrasound parameters were repre-
sented as continuous variables, and the rest — as
binary ones. The value of 0,05 was an indicator of
the level of critical significance. The data obtained
were analyzed using Stata 18 statistical software
(StataCorp LLC, USA) [15].
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[ITIO. Ilpu ouenke 3nauenuut 1II1O wmcmosp3oBa-
JINCh LEeHTWIbHBIE Ta0aumbl PoHAA MeIUIMHBI
wriona (FMF) [12] u kIuHUYecKHe peKOMEeHAaInH
«HemocTaTouHBIM POCT 110714, TPEOYIOMIUH Tpeo-
CTaBJI€HUS  MEQUIMHCKOM  IMOMOIMA  MaTepH
(3amepkka pocra mwioza)» 2022 1. [5]. Ananus IO
IIpOBeJIeH HAa OCHOBaHUU pedepeHCHBIX 3HaUeHUH,
npezcraBieHHbix G. Acharya et al. [13].

Cmamucmuueckuil anaau3

JIuXoTOMUYECKHEe TPU3HAKHU IPEJICTAaBJIEHBI KaK
abCOJTIOTHBIE YMCJIA U MPOIEHTHI, & KOJIMUECTBEH-
HbIe — Kak cpeauue apudmernueckue (M) u cpemue-
KBaJipaTHyecKre OTKIOHeHu:A (SD). Pazimuus Mmexy
rpymnIaMu Mo YJIbTPa3BYKOBBIM ITOKA3aTesIAM OIfe-
HUBAJIU C TOMOIIBI0 HEMapaMeTPUUECKOTO KpUTe-
pua Maunna — Yurau. Kpurepuu xu-ksazgpat Ilup-
COHA U TOYHBIN KpuTepuii Ouiliepa IpUMEHSIIN TIPU
OIIeHKe KaTerOpUaIbHBIX 3HAUEHUH, B 3aBUCUMOCTH
OT OKU/JAeMBbIX 3HAUEHUH B KaXKI0H AUYelKe.

YT0OBI BHISIBUTH CBSA3b MEK/Ty ITOTEHIIUATBHBIMU
daxTopamMu pHUCKA U TOCIHUTAIM3ANUEN HOBOPOK-
JIEHHBIX B OT/IeJIEHHEe peaHUMAaIlui ¥ WHTEHCUBHOU
Tepanuy, NPUMEHsTI MHOTOMEPHBIH PerpeccroH-
HbIH aHanu3 [lyaccona. C ero moMoIpo O1eHUBaIN
HECKOPPEKTUPOBAHHBIE U  CKOPPEKTHPOBAHHBIE
otHocutesnbHble pucku (OP) ¢ 95% moBepuresnb-
HeIMU wuHTepBasiamMu ([IM1). [yt Gosee TOYHOTO
OTpaKEHHsI  BapuabeJbHOCTH  KO3(DDUITMEHTOB
perpeccuu 6bLTH UCIIOIb30BAaHbI pO6ACTHBIE OMIHOKU
npu aHanmuze IV [14]. OcHOBBIBasich Ha JAaHHBIX
JIUTEPATypPhl, B MHOTOMEPHBIE MOJIEJI BKJIIOYAJIU
cJIelytolue MOTeHITHaIbHbIe (haKTOPhI PUCKA: BO3-
pacrt nio 25 set, [I1 MA, T11 AIl, I{I10, masoBoaue,
NMT <18,5 kr/mM2, TuarHOCTUPOBAaHHAs TeCTAIOH-
Hadg AI, BPBHK, kypeHue, LiepBUIIUT, POKJIeHUE
pebenxka ¢ 3PI1 B anamHe3e. YIbTpa3ByKOBBIE ITOKA-
3aTeJIu MPEJICTABJISUIN B BHJIE HENPEPHIBHBIX IEpe-
MEHHBIX, a OCTaJIbHbIE — B BUZle OMHApHBIX. [[okaza-
TeJIeM KPUTUYECKOTO YPOBHS 3HAYMMOCTH SIBJISITIOCH
3HAYeHUeE 0,05. /laHHbIE B UCCIE0BAaHUY OBLIH ITPO-
AQHAIM3UPOBAHBI MIPU ITOMOIIY TTaKeTa CTaTUCTUYe-
ckux mporpamm Stata 18 (StataCorp LLC, CIIA) [15].

PE3YJ/IBTATDBI

B 111 ciyuasx, UTo cocTaBisIeT 35,4 % OT 001Iero
Yuciia Cy4daeB, ObLI BBIABJIEH MO3MHUNA (DEHOTHIT
3PII, B 41 (36,9 %) ciayuae u3 111 BIIOCJIEJICTBHU
moTpeboBasach TOCIIUTAIN3AIMI HOBOPOK/IEHHBIX B
OPUT.

Kimmauko-anamuectrueckue (Tabit. 1) U yabTpa-
3BYKOBbIE U JIONIUIeporpaduyecKre MPU3HAKHU
(puc. 1) mpejicTaBIeHbl pas3zeabHO, YIUTHIBAS pas-
JIMYHBIE TUITBI IAaHHBIX.

RESULTS

In 111 cases, which are 35,4% of the total, the late-
onset FGR was detected; in 41 (36,9%) cases out of
111 cases, subsequently, the ICU admission was
required.

Clinical and anamnestic data (Table 1), as well as
ultrasound and Dopplerography findings (Fig. 1) are
presented separately, taking into account different
types of data.

An analysis of clinical and anamnestic data in the
study group showed that the most significant factors
were maternal underweight (BMI <18,5 kg/m?), ges-
tational hypertension, VVLE, and recurrent FGR.

When analyzing the Doppler ultrasound indices,
it was revealed that in cases of admission to the neo-
natal ICU, a more pronounced impairment of blood
flow was noted antenatally. Significant abnormalities
were identified in the values of UtA PI (p = 0,014),
UCR (p = 0,002), and CPR (p = 0,028).

The results of assessment of the independent
influence of each of the studied factors on the prob-
ability of ICU admission are presented in Table 2.

When assessing the unadjusted risks, the most
significant factors were oligohydramnios, gestational
hypertension, VVLE, and a history of FGR.

Later, when carrying out mathematical correc-
tion, it was revealed that deviations in UmA PI, UtA
PI according to Doppler ultrasound, the presence of
varicose veins in the mother, and recurrent FGR
were statistically significant. In the presence of clini-
cal and anamnestic factors, the risk of admission to
the ICU was 1,28-1,91 times higher.

An interesting fact is that a change in UmA PI is
associated with a lower risk of poor neonatal status.

DISCUSSION

The issue of prolongation of gestation is raised in
every pregnancy complicated by FGR. It is important
to decide whether it is necessary to achieve maturity
of the fetal organ systems or whether preterm deliv-
ery is needed, since there is a high risk of fetal dete-
rioration and subsequent admission of the newborn
to the ICU [1].

Antenatal ultrasound with Doppler assessment of
uteroplacental, fetoplacental and fetal blood flows is
recognized as the best examination to diagnose
growth restriction and fetal monitoring [1].

In a study by Dall’Asta et al. (2022), the mean
UtA PI >95™ centile in late-onset FGR is associated
with fetal intrapartum distress, which requires
obstetric care [16]. Nevertheless, abnormal UtA PI
was not associated with unfavorable outcomes. The
authors suggested that abnormalities in CPR or UtA
PI parameters may reflect the subclinical course of
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Ta6smua 1. PacnpocTpaHeHHOCTb GHHAPHBIX $AaKTOPOB PUCKA TOCIUTAIM3AL MY HOBOPOXK/AeHHbIX B OPUT
B COBOKYITHOCTH GepeMeHHBbIX ¢ Mo3iHel GopMOH 3a/iepKKHU pocTa miozaa, n/N (%)
Table 1. Prevalence of binary risk factors for neonatal ICU for pregnant women with late-onset FRG, n/N (%)

K/IMHUKO-aHaMHeCTH- PacnpocTpaHeHHOCTB IlepeBoz B mociepo-
YeCKUH NPU3HAK NpHU3HaKa L‘o(;:g;'fl‘aﬂnsauuﬂ JOBOE OTJe/IeHne 2(df = 1)
Clinical and anamnestic Prevalence s Transfer to post- X - p

ICU admission
parameter of the parameter natal wards
Bospacr go 25 set 33/111 (29,7) 15/33 (45,5) 18/33 (54,5) 1,46 0,226
Age under 25 years
MaJsoBoaue 43/111 (38,7) 21/43 (48,8) 22/43 (51,2) 4,27 0,039
Oligohydramnios
UMT <18,5 kr/m? 24/111 (21,6) 13/24 (54,2) 11/24 (45,8) 3,90 0,048
BMI < 18,5 kg/m?
TectanuonHas AT 46/111 (41,4) 25/46 (54,3) 21/46 (45,6) 10,22 0,001
Gestational hypertension
BPBHK / VVLE 33/111 (30,0) 20/33 (60,6) 13/33 (39,4) 10,98 0,009
KypeHue B aHaMHe3e 63/111 (56,8) 27/63 (42,9) 36/63(57,1) 2,19 0,139
History of smoking
3PII B aHaMHe3e 17/111 (15,3) 10/17 (58,8) 7/17 (41,2) 4,13 0,042
History of FGR
LepBunut / Cervicitis 39/111 (35,4) 19/39 (48,7) 20/39 (51,3) 3,58 0,058

[IpumevyaHnue.

OPUT - oTpesneHue peaHMMalMy W MHTeHCUMBHOW Tepanuu; UMT - uHgexkc Maccel Tesna; Al - apTrepuasjbHas

runeprensusi; BPBHK - Bapuko3sHoe paciivpeHue BeH HUXKHUX KoHeuHocTel; 3PI1 - 3azieprkka pocTa nioza.

Note

AHaN3 KJIUHUKO-aHAMHECTUYECKUX MTPU3HAKOB
B HCCJIEAyEMOU IPYyIIIIe TOKa3aJl, 4TO HanboJiee 3Ha-
YUMBIMU OBLIN HEIOCTATOUHAS Macca TeJjla y MaTepu
(UMT <18,5 xr/m?), recraninonnass AI', BPBHK u
Haymane 6epemenHocty ¢ 3PII B anamuese.

ITpu ananmse poniieporpaduyecKux okasaresnei
ObUIO BBISBJIEHO, UTO B (JIyYasX TOCIUTAIU3AINKA B

. ICU - intensive care unit; BMI - body mass index; VVLE - varicose veins of the lower extremities; FRG - fetal growth restriction.

placental insufficiency. Thus, an abnormal UtA PI
may be a risk factor for fetal and neonatal complica-
tions during the perinatal period in prenatally diag-
nosed FGR [16], which was confirmed in our study.
Also in the study, in every fourth case, the neonatal
ICU admission was required [16], which is lower
than in our work (36,9%). The diagnosis of prematu-

2.0
B 111 MA / UtA PI
I8 B M AT/ UmA PI
5 ’ o IO /UCR
§§D 1.6 @ 10 / CPR
==t
= o
28 14 T
2
g2 12
=
: ]
=
0.8

Tocnuranuzamus 8 OPUT
ICU admission

ITepeBoz B MoCIepoOBOE OTACICHUE
Transfer to post-natal wards

MaprpyTHu3anust HOBOPOXKJCHHOTO

Newborn routing

Puc. 1. YipTpa3BykoBble GaKTOPBI PHCKA TOCIIUTATN3AINH HOBOPOXK/IeHHBIX B OPUT B COBOKYITHOCTH GEpEMEHHBIX C
o3/iHen popmoit 3aziep:kku pocra mwioga ([T MA — myabcaniioHHBIA WHZIEKC MaTouHOU apTepun; [T AIl — mysbcanu-
OHHBIN UH/IeKC apTepuu mynoBuHsl; [0 — mynouno-niepebpaibHOe oTHOIeHue; LIT10 — nepebpo-IianeHTapHoe OTHO-

menue; OPUT — oTznesieHNe peaHNMAIVH U HHTEHCUBHOU T€PAIIHH)

Fig. 1. Ultrasound risk factors for neonatal ICU admission for pregnant women with late-onset fetal growth restriction

(UtA PI — uterine artery pulsatility index; UmA PI — umbilical artery of the pulsatility index; UCR — umbilical-cerebral

ratio; CPR — cerebro-placental ratio; ICU — intensive care unit)
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Ta6/mmua 2. OTHOCHTe/IbHbIE PUCKH TOCIUTAIM3alMY HOBOPOXKieHHbIX B OPUT 1o pesysibTaTaM MHOTOMEpPHOTO

perpecCMOHHOI0O aHaJ/iu3a HyaCCOHa

Table 2. Relative risks of neonatal ICU admission based on the results of multivariate Poisson regression

IlpusHak / Parameter HOP / uRR 95% 1N / 95% CI  cOP / aRR 95% /1IN | 95% CI
Bospacrt no 25 jsiet / Age under 25 years 1,66 0,73-3,83 1,16 0,69-1,94
[T MA / UtA PI 1,10 0,89-1,37 1,28 1,04-1,57
[T1 AIT / UmA PI 0,94 0,74-1,18 0,78 0,62-0,99
10 / UCR 1,48 0,68-3,26 1,12 0,75-1,67
[I10 / CPR 2,87 0,64-12,94 1,57 0,72-3,46
MasnoBoaue / Oligohydramnios 2,3 1,04-5,07 1,11 0,63-1,95
UMT <18,5 kr/m? | BMI <18,5 kg/m? 2,5 0,99-6,25 1,14 0,69-1,87
lectannonHas Al' / Gestational hypertension 3,65 1,62-8,19 1,60 0,92-2,78
BPBHK / VVLE 4,10 1,74-9,69 1,91 1,12-3,26
Kypenue B anamHe3e / History of smoking 1,82 0,82-4,04 1,35 0,79-2,29
3PII B aHamHes3e / History of FGR 2,90 1,01-8,36 1,67 1,03-2,71
lHepBunut / Cervicitis 2,15 0,97-4,82 1,01 0,02-0,28

[IpumMevyaHnue.

HOP - HecKOppeKTUPOBaHHBIA OTHOCUTEJbHBIN pUCK; COP — ckOppeKTHUpOBaHHBIA OTHOCUTEJNbHBIN puck; U -

JloBepuUTeNbHbIN UHTepBas; [IM MA - nysbcaniuoHHbIN UHAEKC MaTOYHOU apTepuu; [TU All - nysibcallMOHHBIN UHAEKC apTepUU MyTIOBUHBI;
1110 - nynouHo-nepe6pasbHoe oTHoweHHUe; LII10 - nepe6po-nianeHTapHoe oTHomeHue; UMT - uHzekc Maccel Tesa; Al - apTepraabHast
runeprensusi; BPBHK - Bapuko3Hoe paciivpeHue BeH HUXKHUX KoHeuHocTel; 3PIT - 3a/ieprkka pocTa mioza.

N o t e . uRR - unadjusted relative risk; aRR - adjusted relative risk; CI - confidence interval; UtA PI - uterine artery pulsatility index;
UmA PI - umbilical artery pulsatility index; UCR - umbilical-cerebral ratio; CPR - cerebro-placental ratio; BMI - body mass index; VVLE -

varicose veins of the lower extremities; FGR - fetal growth restriction.

OPUT HOBOPOXKIEHHBIX aHTEHATAJIBHO OTMEYasoch
Gosiee BBIp’KEHHOE HapyllleHHe KPOBOTOKOB. BbIpa-
JKeHHbIe OTKJIOHEHUS BBIABJIEHBI CpelU IoKasaresiei
I[N MA (p = 0,014), ITI1O (p = 0,002), IIT10 (p = 0,028).

PesysibTaThl OIlEHKH HE3aBUCHUMOIO BJIMAHUA
KaKJ0TO U3 U3ydaeMbIX (PaKTOPOB HA BEPOATHOCTH
rocrimranusanuu B OPUT npezacrassieHs! B Ta0I. 2.

IIpu oneHke HECKOPPEKTHUPOBAHHBIX PHUCKOB
Hanboyiee 3HAUUMBIMU (AKTOPAaMH OKa3aIUCh
masioBogue, rectatmonHas AI, BPBHK u Hanmmuue
3PII B aHamHe3se.

B nmanpHeliiemM mpu IpoBeleHUU MaTeMaTHde-
CKOU KOPPEKIIMH BBISBHJIH, YTO CTAaTHUCTUYECKOU
3HAYUMOCTBIO 00J1a/1a/IN OTKJIOHEHUs ITOKa3aTeJen
[T AT, IT1 MA 1o fa=gHBIM YJIBTPa3ByKOBOTO /10T~
wieporpauueckoro  HCCAeAOBaHUA,  Hajlu4due
BapUKO3HO-PACIINPEHHBIX BeH y MaTepH, bepeMeH-
Hoctu ¢ 3PII B aHamHuese. Ilpu Hajmuuuu JaHHBIX
KJIMHUKO-aHAMHECTUYeCKUX U MHCTPYMEHTaJIbHBIX
dakropoB puck rocnutanuzaruu B OPUT 6but
BhIIIE B 1,28—-1,91 pasa.

Wurepecen ToT ¢axr, uro uzmeHenme 11 All
CBA3aHO C MEHBIINUM DHUCKOM TSKEJIOTO COCTOSAHUA
HOBOPOK/IEHHOTO.

OBCYK/IEHUE

Bompoc 0 BO3MOKHOCTHU IIPOJIOHTAINH IIpoIiecca
recTaliiyl MMOJAHUMAETCS HPHU KaxkAou OGepeMeHHO-
crth, ocnoxkHeHHOW 3PII. BaxxHo permuTh, He0bOXO-

rity was made in every fifth case, and was associated
with hypoglycemia. It is assumed that in case of FGR
and low fetal body weight, there is also an insuffi-
cient body fat percentage, which is a risk factor for
neonatal hypoglycemia [17].

According to Srirambhatla et al. (2022), an
abnormal pulsatility in the UmA is the most sensitive
predictor (66%) of adverse outcomes [18]. In FGR,
early changes occur in the UmA due to an increased
blood flow resistance in the placental arteries and
arterioles. With developing placental insufficiency,
circulatory centralization, the so-called brain-spar-
ing effect occurs [19]. Initial blood flow disorders
could occur in the UmA, UtA, and at later gestational
ages lead to severe fetal hypoxia. Thus, blood flow in
the UmA is important in predicting adverse perinatal
outcomes [20]. In our study, a change in the UmA PI
is associated with a lower risk of neonatal ICU admis-
sion, presumably because of early diagnosis of its
abnormalities and timely delivery, which determined
satisfactory or moderately severe condition at birth.

Our study also found the association between
VVLE in the mother and worse neonatal status. In a
study by Ortega et al. (2021), among women with
vaginal delivery and chronic diseases of the venous
system (VVLE, pelvic varicose veins), FGR and fetal
distress were significantly more common compared
with women without vascular pathology (OR = 1,30,
99,55% CI = 1,08-1,54). This fact is due to the
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MO JI JIOCTHKEHHE 3PEeJIOCTU CHCTEM OPTaHOB
IUIO/Ia WJIN CJIeAlyeT IIPOBECTH PpOAOpa3pelleHme
MpeXKIEeBPEMEHHO, TaK KaK BBICOK PUCK YXY/IIIEHUS
COCTOSIHUA IUIOZA M B JTQIbHEHUIIEM TOCITUTATH3a-
oy HoBopokieHHoro B OPUT [1].

HawtyumuM criocob60M TMarHOCTUKU 3a/IePIKKU
pocTa U MOHHWTOPHUHTA COCTOSIHHUSA IUIOAA IPU3HA-
eTCsl YJIBTPAa3BYKOBOE HCCJIEJIOBAHUE C JONILIEPO-
rpaduyeckoil OIeHKOM MaTOYHO-IIJIalleHTapHOTO,
(eTomIAIEHTADHOTO U IIJIOJIOBOTO KPOBOTOKOB B
aHTeHaTaAJIbHBIN TIepuoy [1].

B ncenemosannu A. Dall’Asta et al. (2022) Hamnure
HapyIIeHUH KPOBOTOKA B MATOUHOH apTepHH >95-TO
neHTWIA npu nosHed 3PII cBA3aHO C ucTpeccoMm
IJIOZIa BO BPEMs POZIOB, UTO TpPeOyeT OKa3aHUs aKy-
mepckort momomnu [16]. Tem He MeHee OTKJIOHEHUE
IoKazaressi KpoBoToka B MA He ObUIO CBA3aHO C
HeOJIaTONPUATHBIME UCXOJIaMU. ABTOPBI ITPEZTIOJIO-
JKIJIH, 9TO OTKJIOHeHUs mokasarenei III1O wiu TN
MA MoryT oTpakaTh IUIAIlEHTApHYIO HEIOCTaTOY-
HOCTh, KOTOpasi IMpOTeKaeT CyOKIMHWUYecKH. Takum
o6paszom, otkionenue [T MA MozkeT ObITh (haKTOpOM
PHCKa OCIIO?KHEHUH IJI0/1a 1 HOBOPOXK/IEHHOT'O B IIEPU-
HATaJIbHOM IIEPUO/IE TIPU IIPEHATAIHHO AUArHOCTHPO-
BaHHOH 3PI1 [16], uTO MOATBEPKAECHO B HAIIIEM HCCITE-
nmoBaHuU. TaxKe B UCCIIEIOBAHUM B KAXK/IOM YeTBED-
TOM CJIydae TpeOOBaach TOCITUTAIU3AIUS HOBOPOIK-
JIEHHBIX B OT/IeJIEHWE peaHuManuH [16], 4TO HIDKeE,
yeM B Hare# pabore (36,9 %). /luarHo3 HeIOHOIIIEH-
HOCTH ObUT ITOCTABJIEH B KAYK/IOM IIATOM CJIyJae U CBsi-
3aH C COCTOSTHHEM THNOIIMKeMuu. lIpearosararor,
gro npu 3PII 1 HU3KOM Macce TeJia IUI0/Ia TAKXKe NMe-
€TCs1 HEIOCTATOYHOE KOJIMYECTBO KUPA, UTO SBJISETCS
(axTOpOM prCcKa HEOHATAIHHOU TUIIOTJINKEMUH [17].

CorsacHo A. Srirambhatla et al. (2022) napyue-
HUe KpoBoTOKa B All sBjsieTcs: HauboJiee UyBCTBU-
TEJIbHBIM TpeauKTopoM (66 %) HebOIarompHUsTHBIX
ncxozoB [18]. I[Ipu 3PII panHUe U3MeHEHUs ITPOUC-
xoaaT B AIl BcieZicTBHeE YBEJIUUYEHUST COTPOTHUBIIE-
HUSI KPOBOTOKA B apTepUsIX U apTepUOJIaX IUIAIeH-
TapHOTO JiepeBa. IIpm pasBUTHUH IIalleHTApHOM
HEJIOCTATOYHOCTH  IPOUCXOAUT  I€HTPATH3AIUs
KpOBOOOpaIeHus, Tak Ha3bIBaeMblll brain-sparing
effect [19]. HauasbHble HapylIeHHS KPOBOTOKOB
Moriiu npoucxoauTs B AIl, MA 1 Ha TO3JTHUX CPOKax
IIPUBOAUTH K BRIPAYKEHHOH TUITOKCUH 1072, Takum
obpaszoM, mokasaresib KpoBOoToka AIl BaskeH mpu
MIPOTHO3UPOBAHUN HEOJIATONPUATHBIX KCXO/IOB B
MepUHATAIBHOM Tiepuozie [20]. B Hamem wuccieno-
BaHNU u3MeHeHUe mapamerpa [IM AIl cBazano ¢
MEHBIIIMM PHUCKOM TOCIHUTATH3AIAN HOBOPOIKIEH-
HBIX B OT/leJIEHUE DPeaHWMAaIllid U WHTEHCHUBHOM
Teparuy, MPeIIOoIOKUTEIPHO BCJIEJCTBUE PAaHHEN
JIUaTHOCTUKU €r0 OTKJIOHEHUU W CBOEBPEMEHHOTO

changes in the vascular wall, including high apopto-
sis level, change in the HIF-1a gene expression, and
increased oxidative stress and lipid peroxidation lev-
els [21].

Also of interest is the fact that a history of FGR is
closely associated with chronic cardiovascular dis-
eases in the mother, which leads to endothelial dys-
function-related placental insufficiency, unfavorable
outcomes and a high frequency of neonatal ICU
admission [22].

Thus, the identified risk factors justify the timely
posing of the question of the timing and mode of
delivery in late-onset FGR.

Our research has some limitations. Although we
analyzed the continuous sample, the statistical power
to identify poor associations may be insufficient due
to conducting the study in the setting of a single clin-
ical base during the limited period of time. It is nec-
essary to perform multicenter studies to identify pos-
sible variability in the results due to increased analy-
sis set.

Despite the potential limitations of the study,
the results obtained can be used to reproduce in
larger multicenter studies to develop prognostic
models of perinatal complications in late-onset
FGR. The combined data analysis makes it possible
to develop an individual approach to the manage-
ment and risk assessment of FGR complicated preg-
nancy. It is important to expand the prognosis scale
not only for late-onset, but also for early-onset FGR,
provided there is a sufficient sample, since the
early-onset phenotype is associated with a large
number of adverse outcomes and gestational com-
plications.

CONCLUSION

In the study sample, risk factors significantly
associated with neonatal ICU admission in late-onset
FGR were UtA PI abnormalities, varicose veins in the
mother, and a history of pregnancy with FGR. At the
same time, an abnormal pulsatility in the UmA was
associated with a lower risk of poor neonatal status
due to early detection of abnormalities and timely
delivery. The results of our study can become the
basis for further research when reproducing them in
valid prognostic models with high levels of sensitiv-
ity and specificity.
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pOZIOpa3peINieHusi, YTO IMPHUBEIO K VAOBJIETBOPU-
TEJIbHOMY COCTOSTHUIO WJIM COCTOSTHUIO CPETHEH cTe-
TIEHU TSKECTU MIPU POIKIEHUH.

B HameMm wuccienoBaHUHM Tak:Ke OOHapy:KeHa
cBA3b Mexy HasnuyueM y marepu BPBHK u taxe-
JIBIM COCTOSTHHEM HOBOPOXKJIEHHOTO. B mccienosa-
Huu M.A. Ortega et al. (2021) cpeau >KeHIIUH, POJIO-
Pa3pelIeHHbIX Uepe3 eCTECTBEHHbIE PO/IOBBIE ITYTH U
MMEBIIIUX XPOHHUUYECKHe 3ab0JieBaHUs BEHO3HOM
cucrembl (BPBHK, Bapuko3Hoe pacuminpeHue BeH
MaJIOTO Tasa), 3HAUMTEJIHLHO Yallle ObLIA OTMeYEHbI
3PII u pucrpecc mIofa MO CPaBHEHUIO C KEHIU-
HamMu 0e3 IIaTOJIOTUH  COCYJIUCTOH  CHCTEMBI
(OUI = 1,30, 99,55% AU = 1,08-1,54). JlaHHBIA DaKT
00yC/I0BJIEH UBMEHEHUSIMHU B CTEHKE COCY/IOB, BKJTIO-
YAIOMNMHU BBICOKUH YDPOBEHH aIllOINTO3a KJIETOK,
U3MeHeHue sKcnpeccuu reHa HIF-ia, yBenudeHue
VPOBHS OKCHUJIATUBHOTO CTPECCA C POCTOM YPOBHEU
TIEPEKUCHOTO OKHUCJIEHUS JIMITU/IOB [21].

Tax>ke nHTEpeceH TOT dakT, uto Hasmnuue 3PII B
aHaMHe3e TeCHO CBA3aHO C XPOHUYECKUMHU 3a00Jie-
BaHUSAMHU CEPJEYHO-COCYAUCTON CUCTEMBI y MaTEPH,
YTO MPUBOJIUT K IUIAIIEHTAPHOH HEI0OCTAaTOYHOCTHU
BCJIEICTBHE DH/OTEUAIBHOU AuchyHKINH, Heb1a-
TOIPUATHBIM UCXO/IaM U BBICOKOU YaCTOTE TOCIIUTA-
JIM3anui HoBOposkieHHbIX B OPUT [22].

Taxkum 00pa3oM, BbIBJIEHHBIE (PAKTOPHI PHUCKA

00OCHOBBIBAIOT ~ CBOEBPEMEHHYIO  ITOCTAHOBKY
BOIIPOCA O CPOKE U METOJIe PO/IOPA3PENIeHUs TIPU
no3aHel popme 3PII.

ITpoBeneHHOE HCCIEAOBAHUE MMEET HEKOTOpbIe
orpaHuueHus. HecMoTps Ha TO, YTO HAMHU IIpoOaHa-
JIN3UPOBaHA CIUIONIHAA BBIOOPKA, CTATUCTUYECKAs
MOIITHOCTD JIJISI BBISBJIEHUs CIaOBIX CBSI3€H MOKET
OBITH HEJIOCTATOYHOU BCJIEACTBUE IIPOBEJIEHUS
WCCIJIeZIOBAaHUA HAa OJHOM KJIMHWYECKOW O6aze 3a
OTPaHWYEHHBIH Tmepuosi BpeMeHU. Heobxoammo
BBITIOJTHEHNIE MHOTOLIEHTPOBBIX HCCJIEZIOBAHUM IS
BBISBJIEHUSI BO3MOKHOU BapUATUBHOCTU pPeE3yJIbTa-
TOB BCJIEZICTBHE YBEJIMUEHUA COBOKYITHOCTH.

HecmoTpss Ha DOTEeHIMAIbHBIE OrPAHUYEHUS
HICCIIEZIOBAHMSA, [IOJTyUYEHHbIE PE3YJIBTAThl MOTYT OBITH
HICITOJIb30BAHBI /I BOCIIPOM3BENIEHN: B 60sIee KpyII-
HBIX MHOTOIIEHTPOBBIX HCCJIEJIOBAHUAX C IIEJIBI0 CO3-
JIAaHUSI TIPOTHOCTHYECKUX MOJEIed TepUHATAIBHBIX
ocJiokHeHUH npu noszHeM denorune 3PII. Ananus
JIAHHBIX B COBOKYITHOCTH IIO3BOJIIET pa3paboTaTh
WHJIUBU/IyJIbHBIA TIOJIXO/T K BEIEHHUIO M OIIEHKE
puckoB mpu GepeMeHHOCTH, OciOxKHeHHON 3PII.
BaxxHo pacmmputh 006J1aCTh NPOTHO3UPOBAHUSA He
TOJIBKO ITpY NI03/1HEH, HO 1 1Tpu paHHel 3PI1 pu ycito-
BUH JJOCTaTOYHOH BBIOOPKH, TAK KaK TAHHBIH (heHOTHIT
accoruupyercsi ¢ OOJIBIITUM KOJIMYECTBOM HeOJIaro-
MIPUATHBIX UCXO/IOB U TeCTAIIMOHHBIX OCJIOKHEHUH.
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3AK/IIOUEHUWE

dakTopaMu puCKa, 3HAYMMO CBS3aHHBIMU C
TOCHUTAINU3AIUAMU HOBOPOXKZeHHbIX B OPUT npu
no3aueM ¢enotune 3PII B u3ydaemoil BBIOOpDKE,
SIBJISJIACH OTKJIOHEeHUA nokasaresieit [T MA, Hanu-
Yre BApUKO3HO-PaCITHPEHHBIX BEH y MaTepu U bepe-
menHoctH ¢ 3PII B anamue3se. B To ke Bpems Hapy-
meHue KpoBoToka B AIl ObLIO CBA3aHO C MEHBIITUM
PUCKOM THKEJIOTO COCTOSHUSA HOBOPOXK/IEHHOTO IIPHU
POK/IEHUM BCJIEAICTBUE PAHHETO BBISBJIEHUS] OTKJIO-
HEHUA U CBOEBPEMEHHOTO PpOIOPA3pEIIeHUs.
PesyspTaThl Hallleli HaydyHOH paboOThl MOTYT CTaTh
OCHOBOU JIaJIbHEHUIIIUX UCCIIEIOBAHUM TIPU BOCIIPO-
U3BeJIeHUH UX B BAJIU/IHBIX IPOTHOCTUYECKUX MO/ie-
JIIX C BBICOKUMH YPOBHSIMHU UYBCTBUTEJIBHOCTH U
crieruUIHOCTH.
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