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Abstract

Introduction. The article presents a review of the current literature on studies of hemodynamic disorders in preterm
infants. In the pathogenesis of the development and progression of critical conditions in the specified contingent of
newborns, the leading place is occupied by arterial hypotension (AH), which usually occurs in the first 24 hours after birth in
40% of infants. At the same time, hypertension plays a significant role in the implementation of perfusion disorders in vital
organs, as well as in an increase in the frequency of deaths and severe neurological consequences.

The possibility of early diagnosis of perfusion disorders by using echocardiography, which is a rational and non-invasive
method aimed at a comprehensive assessment of hemodynamic disorders in newborns and determining the tactics of their
management, has been substantiated.

Aim. To study current data on studies of hemodynamic disorders in preterm infants by conducting a literature review.

Search strategy. Public access articles were studied using the following databases of scientific publications and
specialized search engines: PubMed, Google Scholar, Web of Science, Scopus, Cochrane Library. A number of original
publications and reviews in the field of research for the period 2012-2022 were analyzed, but also works published earlier
than 2012 were included, since they have information on the pathology under study in the neonatal period and classical
routine approaches in the treatment and diagnosis of hemodynamic disorders in newborns . The selection of publications
was carried out in accordance with the purpose of the review.

Results. Functional echocardiography is a rational and non-invasive method that can play an important role in a
comprehensive assessment of hemodynamic disorders in a newborn and tactics of its management.

In a newborn with a normal heart rhythm without significant fetal shunting, left ventricular CO (cardiac output) and
superior vena cava (CVVC) blood flow are used to assess systemic blood flow. In the presence of significant shunting, data
on the CO of the right ventricle and blood flow in the SVC are used.

The flow in the superior vena cava is one of the valuable parameters for informing clinicians about perfusion and cerebral
blood flow. The association of significantly and persistently low blood flow with increased risk of morbidity, mortality, and
dynamic measurement of superior vena cava flow beginning early after birth may help detect risk in these infants. The
diagnostic accuracy of SVC flow for predicting poor perfusion will improve with the addition of other clinical and diagnostic
parameters for comprehensive hemodynamic monitoring. SVC flow and cardiac output are considered key in neonatal shock
and can be used for targeted treatment. SVC flow is an excellent monitoring method for assessing heart-lung interactions,
ductus arteriosus shunt volume.

Conclusions. The main limitation of measuring SVC flow and cardiac output is that they are not a true measure of
myocardial function. Blood flow is the interaction between the heart and blood vessels. The ventricular arterial junction is an
excellent parameter of cardiovascular efficiency and pathways to heart failure, but it provides limited insight into intrinsic
myocardial function.

In order to progress in research on diagnosing neonatal CVD, we must use well-understood parameters such as SVC
flow, recognizing its limitations, and expanding our capabilities. Research and search for new methods of diagnosing the
hemodynamic state of newborns can help identify and treat infants at risk of impaired perfusion in the neonatal period.
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BeepeHne. B cratbe npepctaBneH 0630p COBpPEMEHHOA MnMTEPATypbl MO WCCNELOBaHWAM reMOAMHAMMYECKMX
HapyWeHWn y HeAOHOWEHHbIX MnajeHUeB. B natoreHese pasBUTWS M NPOrPECCUMPOBAHUS KPUTUYECKUX COCTOSHUNA Y
YKa3aHHOTO KOHTUHIEHTa HOBOPOXAEHHbIX, BEAyLlee MECTO 3aHUMaeT apTepuanbHas runoTeHsus (Al), BosHuKalowas Kak
npasuro B nepsble 24 yaca nocne poxaeHus y 40% mnagexues. Mpu aTom Al MrpaeT 3HauMTenbsHYI0 ponb B peannsawmm
Nepy3NOHHbIX HAPYLIEHUI B XM3HEHHO BaXHbIX OpraHax, a TakKe B YBEMMYEHWW 4acTOTbl CMEPTEMbHbIX WCXOLOB W
TSDKENbIX HEBPOMOTMYECKNX NOCNEACTBUIA.

O6ocHOBaHa BO3MOXHOCTb PaHHEl AWarHoCTUKM Nepdy3nOHHbIX HApYLLEHWIA MyTEM UCNONb30BaHNS axoKkapavorpagum,
ABNAKLENCH paLMOHanbHbIM U HEWHBA3WBHBIM METOLOM, HanpaBfeHHbIM HAa BCECTOPOHHIOW OLEHKY reMOAUHUMUYECKIX
HapyLLEHWI Y HOBOPOXAEHHBIX M ONPEAENEHNE TaKTUKA X BELEHUS.

Llenb uccneposanms. N3yunTb JaHHble COBPEMEHHON IUTEpaTypbl 06 MCCNEA0BaHUAX rEMOAMHAMNYECKUX HAPYLLEHNIA
Y HELLOHOLLEHHbIX HOBOPOXAEHHBIX

Crparerusi noucka. /13yyeHbl cTaTby, HaXoAsLMECS B OTKPBITOM JOCTYMNE, C UCMOMb30BaHMEM CMeAyLWmX 6a3 JaHHbIX
Hay4HbIX MybnMkauuin U cneumanmanpoBaHHbIX nomckosbx cuctem: PubMed, Google Scholar, Web of Science, Scopus,
Cochrane Library. lMpoaHanuaupoBaH psg opuriHanbHelx nybnukaumin u 0630poB MO HanpaBNEHWK WCCMEROBaHWA 3a
nepuog 2012-2022 roga, HO Takke Obinu BkNIOYEHbI paboTbl, onybnukoBaHHble paHee 2012 roga, Tak Kak OHU UMeT
WHopMaLMIo NO UCCRedyeMon NaTonorii B HeOHaTanbHOM Nepuode W Kraccuyeckne pyTUHHbIE MOAXOAbl B NEYeHun n
LVArHoCTUKE reMOAMHAMMYECKUX HapYLUeHU y HOBOPOXAEHHbIX. OTOOp nybnukauwin OcyLecTBsNCA B COOTBETCTBUN C
Lienblo ob3opa.

PesynbTatbl. OyHKUMOHANbHAsA aXoKapanorpaus — pauuoHarbHbIM U HEMHBa3UBHBIN METOA, KOTOPLIN MOXET urpaTb
BaXKHYH0 POIb BO BCECTOPOHHEN OLIEHKE reMOAMHAMMYECKUX HapYLUEHWI Y HOBOPOXAEHHOTO U TaKTUKE €ro BeAeHWs.

Y HOBOPOXAEHHOrO C HOpPMarbHbIM CepaeyHbIM PUTMOM Be3 3HauMMOro LIYHTUPOBAHWS KPOBM Yepe3 deTanbHble
KOMMYHUKaLMW ANst OLEHKA YPOBHSI CUCTEMHOMO KPOBOTOKa mcnonbayeTcst CB (cepaeyHbin BbIGPOC) NEBOTO kenyaodka u
KPOBOTOK B BepxHelt nonoit BeHe (KBIB). Mpn Hannuuu 3Ha4MMoro LUYHTMPOBaHUS — UCMONbL3YIOT AaHHble 0 CB npasoro
Xernypouka 1 kposoTok B BIMB.

[MoToK B BepxHel Noroi BeHe ABMSETCH OOHUM U3 LIEHHbIX MapameTpoB AN MH(OPMUPOBAHMS KIMHULMCTOB O
nepdoy3nn 1 LepebpanbHoM kpoBoToke. CBA3b 3HAYMTENBHO M MOCTOSHHO HM3KOMO KPOBOTOKA C MOBbILIEHHBIM PUCKOM
3ab0neBaemMoCTit, CMEPTHOCTM U AMHAMMYECKOE W3MEPEHME MOTOKA BEPXHEW MOMOW BEHbI, HAYMHAKLWMECS paHO nocne
POXOEHWS, MOTYT NOMOYb OOHApyXMTb Yy 9TUX MMafeHUEB puck. [luarHocTudyeckas TOWHOCTb noTtoka BIMNB ans
MPOrHO3MPOBaHWs NNoXo nepdyaum BymeT ynydwarbcs npu [0OaBNEHWM OPYTUX KIMHUYECKUX UM OWarHOCTUYECKUX
napameTpoB Ans BCECTOPOHHEro remMoAWHaMM4eckoro MoHuTopuHra. Motok BINB u ceppeyHbin BbIGPOC CuMTalOTCS
KMIOYEBLIMW, MPU HEOHATasbHOM LLIOKE M MOTYT MCMONb30BaThCA ANs Lenesoro neveHns. KposoTtok B BIB - OTAWMYHbLIN
MeTO[ MOHWUTOPWHIa 47151 OLIEHKM B3aUMOLEACTBUIA cepiLie-nerkie, 00bem LUYHTa Yepe3 OTKPbLIThIA apTepuanbHbIid NPOTOK.

BbiBoabl. OCHOBHOE OrpaHudeHne uamepeHns notoka BINB u cepaeqHoro Bibpoca 3akntovaeTcst B TOM, YTO OHW He
SBNSIOTCA UCTUHHBLIM MokasaTeneM (yHKUMKM Muokapaa. KpoBoTok npeacTaBnsieT coboil B3auMogeicTBue Mexay cepalem
n cocydamn. KenyooukoBo-apTepuanbHOE COeAWHEHWe SBMSETCA OTMMYHBIM - MapamMeTpoM  CepAeqHO-COCYaNCTON
3hHEKTUBHOCTM U MyTER K CEpAEeYHON HEJOCTATOMHOCTH, HO OHO 0BECneuMBaeT OrpaHMYeHHOEe MOHUMAHUE BHYTPEHHEN
(OYHKLMM MrOKapaa.

Utobbl nporpeccupoBaTb B WUCCNEJOBAHMSX O [AMArHOCTUKE COCTOSIHUS  CEPAEYHO-COCYAWCTOM  CUCTEMbI Y
HOBOPOXZEHHBIX, Mbl [OMKHbI WCMONb30BaTh XOPOLUO W3yYeHHble NapameTpbl, TakWe kak notok BIB, npusHaBas ero
OFPaHUYEHNs, N PacLUMPATb HallM BO3MOXHOCTW. VICCnegoBaHne M MOMCK BCE HOBbIX METOAOB AWarHOCTWKM COCTOSHUS
FeMOAVHAMMKN Y HOBOPOXZEHHbIX MOXET MOMOYb BbISIBATb M NIEYNTb MNAAEHLEB C PUCKOM HapylleHns nepdysun B
HeoHaTarnbHOM nepuoge.

Knroyeenie cnosa: 2eModuHaMuKa, 8EpXHsIS noasi 8eHa, HEOOHOWEHHbIE HOBOPOXOEHHbIE.
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Kipicne. Makanaga wwana TybifiFaH HapecTenepaeri reMoavmHaMmukansik Oy3binynapasl 3epTTeyre apHanfaH 3amaHayw
apebuettepre wony BepinreH. XaHa TybinFaH HapecTenepaiH, OCbl KOHTUHIEHTIHAEr ayblp XafdainapablH, Aamybl MeH
OpLLYiHiH, NaToreHesiHae apTepusnbIk, MMNOTEH3NS KETEKLWI OpblH anagbl, on HapectenepaiH, 40%-bl TyblnFaHHaH KEMiHTi
anfalkbl 24 caratTa Tipkenepi xoHe eMipnik MaHpI3abl opraHaapaa nepdysusnbik Oy3binynapabl Xy3ere acblpyaa, eniM-
XiTIM MEH aybIp HEBPONOrUAnblK canaapablH XofapblnaybiHaa MaHbI3abl pern atkapagbl.

aHa TyraH HopecTenepgeri remoguHUMusAnblk, Oyabinynapgbl XaH-kakTbl Oaranayra xeHe onapgbl 6ackapy
TaKTUKaCbIH aHblkTayra OafbiTTanFaH yTbIMAbl XaHE WHBA3MBTI emec aaic 6onbin TabblaTbiH dXOKapaMorpathusHbI
KONAaHy apKbinbl NepgysnsnbIk By3binynapabl epTe gnarHocTukanay MyMKIHAIr Herisgenre.

3eptTeyadiH, Makcatbl. ©Aebu WOny Kypridy apKkbifbl Wwama TybinFaH HapecTenepaeri reMoguHamukanbik,
Oy3binynapabl 3epTTey LepekTepiH 3epTTey.

I3penic cTpaTterusicbl. ALbIK KOKeTiMAI Makananap Keneci FbinbiMi 6ackinbiMgap MeH MamaHOaHAbIpbINFaH isgey
XYNenepiHiH, aepekkopnape! apkeinbl 3eptrengi: PubMed, Google Scholar, Web of Science, Scopus, Cochrane Library.
2012-2022 xbingap apanbiFbiHAarbl 3epTTey canacbiHaarbl Bipkatap TyNHYCKa XapusnaHbiMaap MeH LWonynap Tangaqasl,
Bipak 2012 xbingaH OypbIH XapusinaHFaH XyMbicTap Aa KaMTbiNdbl, ©ATKEH onapaa HeoHaTanablkK ke3eHaeri 3epTTeNneTiH
NaTonorust XaHe KnaccukanblK KyHAENIKTi Tacingep Typansl aknapat 6ap. xaHa TyFaH HopecTenepaeri reMoanHamukanblk
Oy3binbiCTapabl eMaeyae xaHe AuarHocTukanayaa. bacbinbimaapabl ipikTey Loy MakcaTblHa CaliKec Xyprisinai.

Hamkenep. ®yHkumoHangbl axokapamorpadms - 6yn xaHa TyFaH HopecTederi reMoguHamukanblk Oyabinynapabl xaH-
XaKkTbl Daranayga xeHe OHbl 6ackapy TakTUKAachbiHAA MaHbl3dbl pen aTkapaTbiH YTbIMAbl XaHE MHBA3MBTI €MeC fiC. ¥pbIK
BalinaHbiCbl apKbirbl KaHObl MaFblHarbl aiHambIn eTNeNTiH KanbiMTbl Xypek bipFarbl 6ap xaHa TyraH HapecTene Xyhenik KaH
arbIMbIHbIH, [eHreliH Garanay yLiH COM XaK KapbIHLLAHBIH, XYPEK LbIFbICHI XHE KOFapebl KybiC BeHadarbl KaH arbiMbl
KongaHbinagsl. Erep MaHpiagbl aiHanma xon 60Mca-oH, aK KapbIHLLAHbIH, XYPEK LbIFbIChl AEPEKTEPI MEH XOFapFbl KybIC
BEHafarbl KaH arbIMbl KONAaHbINaAb!. YKorFapFbl KybIC BEHaAarbl arbiH KITMHUKTEPre Nepdysus xaHe Lepebpanb/ibl KaH arbiMbl
Typarbl xabapraygblH, KyHabl napameTpnepitiv, Gipi Sonbin Tabbinagbl. Aypy, eniM KayiniHiH, orapblnaybiMeH aiTaprbikTa
KSHE TyPaKTbl TOMEH KaH afbIMblHbIH, OainaHbICh! XaHE TyblniFaHHaH KelliH epTe GacTanaTblH OFapFbl KybIC BEHA afblHbIH
LVHaMuKanbIk, eney Oyn HapecTenepaeri KayinTi aHblkTayra keMekTeceqi. Halwap nepdyausiHbl Gomkay yLuiH XorFapFbl KybIC
BEHafarbl arblHblHbIH, AMArHOCTUKANbIK ASNAiN KaH-KakTbl remoguHamukanblk 6akbinay yliH - 6acka  KIMHUKanbIK
napameTprepai KockaHda xakcapadbl. XKorfapsbl KybiC BeHajarbl afblH XaHE XYPEKTiH, LbiFybl HEOHATanbAbl LUOK YLLIH
MaHpI3bl OOMbIN caHanagb! XeHe OHbl MakCcaTTbl eMAeY YLWiH KongaHyra 6onagbl. XKorapebl KybIC BeHadarbl KaH arbiMbl-Oyn
Xypek-eKne e3apa apeKkeTTeCyiH, alllblk apTeEPUAbIK kaHamn apKblibl WYHT KeneMiH baranayabiH, Tamalla 6akbinay agici.

KopbITbIHAbINAp. XKofapfbl KybIC BEHaAasbl arbiHbl MEH JKYPEKTIH, WbIFYbIH eNleyziH, Heriari wekTeyi-byn Muokapa
(OYHKUMACBIHBIH, LWbIHAMbl KepceTkiwi emec. KaH afbiMbl-OyN Xypek NeH KaH TamblpriapblHblH, e3apa apeKeTTecyi.
KapblHLWanbIK-apTepusnbiK KOCHIbIC XyPeK-KkaH Tamblpnapbl TUIMAINIT MEH Xypek XeTKINiKCisairiHiK, Tamaa napameTpi
Bonbin Tabbinagbl, Gipak 01 MUOKAPATLIH, iLLKi KbI3METi Typarbl LekTeyni TyCiHik 6epeai.

KaHa TybinFaH HapecTenepaeri XypekTiH, yNbTpagbiObICTbIK, 3epTTeyiHae inrepiney ywiH 6i3 OHbIH, LeKTeynepiH
MOWbIHAN OTbIPbIN, XOFApPFbl KYbIC BeHadasbl afblHbl CUSKTbI XakChl 3epTTENreH napameTpnepai KornaaHybiMbI3 Kepek
KaHe MyMKIHLKTepiMi3ai keHenTyimi3 kepek. MepuHatangbik nepdysusHbiH, Oy3biny kayni 6ap HapecTenepai aHbikTayfa
XaHE emaeyre KeMEKTECETIH XYPEKTiH, ynbTpagbObICThIK AMArHOCTUKACKIHbIH, XXaHa a4iCTEePiH 3epTTey.

TytiHdi ce3dep: 2eMOAUHaMUKa, KOFapFbl 8EHa KbIChl, Wana mybltraH Hapecmenep.
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Introduction

Since 2008, in the statistical reporting of Kazakhstan, in
connection with the introduction of the International Criteria
for Live Births and Stillbirths, fetuses and newborns born at
a gestational age of 22 weeks or more, with a birth weight
of 500 g or more and a length of 25 cm or more are taken
into account. In the general structure of the population of
newborns, children with extremely low (500-999 g) and very
low (1000-1499 g) birth weight make up no more than 1%,
which corresponds to the indicator of developed countries,
for example, Great Britain. However, in the structure of
early neonatal mortality (RNM) by weight categories, they
occupy a leading position, accounting for 53% [3,71].

The most serious and acute problems of the early
neonatal period in premature newborns are hemodynamic
disorders, which is due to the continued functioning of fetal
communications in the postnatal period, determined by the
peculiarities of the transition of the fetal circulation to the
blood circulation of the newborn in extrauterine conditions.

In the foundation of the development and progression of
critical conditions in newborns, one of the main roles is
occupied by arterial hypotension (AH) and, accordingly,
against the background of circulatory disorders,
insufficiency of perfusion and oxygenation of organs and
tissues develops. It is known, for example, that 40% of
preterm infants with a gestational age of less than 30 weeks
who use mechanical ventilation (ALV) have arterial
hypotension (AH), which develops in the first 24 hours of life
[27,58,44]. Clinical manifestations of arterial hypotension
are extremely ambiguous: from an asymptomatic course to
a shock clinic.

Violation of cerebral blood flow, which developed against
the background of arterial hypotension, leads to cerebral
ischemia, damage to the brain substance and the
implementation of periventricular leukomalacia (PVL). In
addition, many researchers associate the development of
severe intraventricular hemorrhages (IVH) with arterial
hypotension. In turn, these brain lesions are the most
common cause of severe disability in the described group of
children and lead to a violation of their quality of life [5,31,48].

Reduced perfusion and ischemia of organs and tissues
leads not only to severe neurological lesions, but also to
such severe complications and pathologies as necrotizing
enterocolitis, impaired renal function up to ischemic
nephropathy and the development of renal failure, which
can often cause death. Thus, arterial hypotension underlies
multiple organ failure [5,17,31,34].

The process of implementation and further progression
of hemodynamic disorders in newborns, especially in
preterm infants, is diverse. Most often there is a
combination of various factors, often difficult to detect in
clinical practice. Early and timely diagnosis of hemodynamic
disorders in newborns is a serious problem for clinicians
around the world. Modern intensive care in neonatology
requires improving the quality of diagnosis and treatment of
hemodynamic disorders.

Therefore, the main goal of intensive care in children
with very low and extremely low body weight is the timely
and early detection of hemodynamic disorders and, first of
all, the prevention and prevention of cerebral perfusion
disorders immediately after birth by maintaining normal
hemodynamic parameters.

Aim. To study data on modern and current studies of
hemodynamic disorders in preterm infants by conducting a
literature review.

Search strategy. Public access articles were studied
using the following databases of scientific publications and
specialized search engines: PubMed, Google Scholar,
Cochrane Library, Scopus, Web of Science. A number of
original publications and reviews in the field of research for
the period 2012-2022 were analyzed, but also works
published earlier than 2012 were included, since they have
information on the studied pathology in the neonatal period
and classical routine approaches in the treatment and
diagnosis of hemodynamic disorders in preterm infants
newborns.

Key words were used: hemodynamics, superior vena
cava, premature newborns. Inclusion criteria: Publications for
a period of 10 years (2012-2022), as well as some
publications earlier than 2012 in English and Russian, patient
category - premature newborns, type of articles - randomized
clinical trials, meta-analysis, systematic review, review
articles. Exclusion criteria; expert opinions in the form of short
messages, repeated publications, publications with unclear
conclusions. As a result of the search, we studied 100
publications, this review included 80 publications.

Results

Autoregulation of cerebral blood flow. The leading goal
of critical care in very low and extremely low birth weight
neonates is to avoid impaired cerebral perfusion by
providing adequate tissue oxygenation. Cerebral blood flow
is primarily a complex interaction between cerebral blood
flow, systemic blood flow and cerebral vascular resistance.
The process of autoregulation ensures the maintenance of
constancy of cerebral blood flow with various fluctuations in
blood pressure, systemic blood flow and resistance. It is
known that the body of sick premature babies is not capable
of maintaining autoregulation of cerebral blood flow. For this
reason, cerebral blood flow, which is passively dependent
on systemic blood flow and blood pressure, becomes
vulnerable with any of its fluctuations, and in the presence
of systemic hypotension, cerebral perfusion also decreases
[2,30,39,47,55].

At the same time, it should be remembered that the
degree of maturity of vascular autoregulation is directly
related to the gestational age of the child, respectively, the
shorter the gestational age of the infant, the higher the risk
of cerebrovascular accident under the influence of various
factors. Also, a clear definition of the blood pressure
threshold to justify the need to start treatment is especially
important in the category of patients with extremely low and
very low gestational age of less than 32 weeks [69].

Blood pressure in newborns

Systemic arterial hypotension occurs in the practice of a
doctor in about 50% of cases, and these are patients with a
birth weight of less than 1500 grams. Also, about 50% of
very preterm infants in intensive care units receive
treatment for cardiovascular support through the use of fluid
loading, pressor/inotropic drugs, or both, with low blood
pressure being the main indication for therapy [6,69].
However, one should not forget that the absolute threshold
values of the mean BP are not clearly defined, and it is not
advisable to rely on this hemodynamic indicator as the only
marker that determines the treatment tactics [26,54].
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Mean arterial pressure remains a routinely used marker
of hemodynamic disorders, and the gestational age of the
child in weeks is considered the threshold value as the
equivalent of the norm [12]. In the first 3 days of life, even if
the gestational age of the newborn is less than 30 weeks,
the mean BP should not be lower than 30 mm Hg, and in
preterm infants less than 600 grams, the lower threshold
value of the mean BP is 28 mm Hg [1]. At the same time, it
should be remembered that the complex processes of
adaptation to new conditions of extrauterine life, the
immaturity of the cardiovascular system limit the ability to
determine the exact boundaries of normal blood pressure
values, and, accordingly, focusing only on blood pressure to
assess the state of the circulatory system is of very low
value and accuracy. This is true for both full-term and
preterm infants [20,53].

It would be more correct and expedient to diagnose the
adequacy of organ perfusion before starting this or that
intervention. However, many diagnostic methods are
difficult to access, unsafe for the newborn organism, or
costly [6,16]. Currently, the most accurate method for
determining blood pressure is to measure it using a central
or peripheral arterial catheter. Taking into account the
possibility of realization of various complications due to
invasiveness, the inexpediency of its permanent and routine
use is substantiated. Some studies demonstrate the
relationship between BP measured by non-invasive
oscillometric method and invasive [19,70].

Currently, there is controversy regarding the
relationship between cerebral blood flow and mean arterial
pressure in preterm infants. Tyszczuk L. in his study found
that cerebral blood flow does not depend on mean arterial
pressure in children born between 24 and 34 weeks of
gestation, and suggested that autoregulation is preserved in
some children with arterial hypotension [77]. In contrast,
other researchers have found a significant relationship
between mean arterial pressure and cerebral perfusion. The
researchers also suggested that with an average arterial
pressure of less than 30 mm Hg. in very low birth weight
neonates, cerebral blood flow begins to decrease [51,76].

However, more and more studies show that assessing
the state of the circulatory system only on the given values
of mean arterial pressure is a very simplistic approach to
solving a more complex problem, since normal blood
pressure does not yet guarantee normal blood flow in target
organs. Normal neonatal mean arterial pressure does not
always mean normal left ventricular output or adequate
cerebral blood flow in preterm infants, even in the subgroup
of infants with occluded ductus arteriosus. Problems also
arise in assessing systemic blood flow as a result of failure
or delay in the normal closure of fetal ducts. Increased
blood flow through the ductus arteriosus often causes
increased output from the left ventricle by about 2 times,
shunting through the atrium through the foramen ovale from
left to right causes an increase in output from the right
ventricle. In many premature infants with extremely low
body weight, systemic blood flow deteriorates sharply in the
first hours of life, which is often combined with an increase
in peripheral vascular resistance [16,23,37,39,41].

Most children will have normal blood pressure at the
start (i.e. are in the compensated shock phase). However,
approximately 80% of newborns with initially low systemic

blood flow result in systemic arterial hypotension. However,
the use of only arterial hypotension as a starting indication
for therapy leads to the fact that children with significantly
low blood flow are detected late or not detected at all.
Hypotension may mask normal or even high systemic blood
flow, as is often the case in preterm infants with persistent
pulmonary hypertension or in infants with sepsis. These
neonates tend to have low systemic vascular resistance
and peripheral vasodilation.

As a result of the wide variation in blood pressure levels
in children of different gestational and postnatal ages, many
authors argue that it is not necessary to focus solely on low
blood pressure, it is necessary to use other indirect
indicators of hypoperfusion, such as slow capillary filling,
oliguria and metabolic acidosis, which are necessary for
more or less complete, but non-exhaustive assessment of
the hemodynamic status of a premature newborn. In clinical
practice around the world, a comprehensive assessment of
the adequacy of the functioning of the cardiovascular
system in newborns with very low and extremely low body
weight is a huge problem than in older children and adults
[2]. Features are associated with the small size of the body
of the newborn organism, their vulnerability and the
frequent presence of blood shunting in the heart. Basically,
the assessment of hemodynamic status consists in the
clinical assessment of perfusion by assessing capillary refill
time, urine output, heart rate and blood pressure.
Determination of acid-base balance, the presence of lactic
acidosis  will provide additional information about
hemodynamic disorders, but constant monitoring is also
needed [2,23,39,43,62].

In addition, the use of all these parameters in newborns,
especially in premature infants, has its limitations and also
depends on the capabilities of the clinic and equipment.

Normal and adequate perfusion of organs and tissues is
characterized by cardiac output (CO) and total peripheral
vascular resistance (TPVR), which determine the level of
blood pressure. A decrease in CO and a change in
peripheral vascular resistance lead to a decrease in
peripheral circulation and impaired organ perfusion.
Insufficient tissue perfusion, which is a decrease in
volumetric blood flow, can also be observed with normal
blood pressure against the background of vasospasm and
increased resistance of the vascular bed [64,66,73,78]. In
the absence of the ability to measure CO and systemic
vascular resistance, clinicians began to use BP as the only
indicator of circulatory disturbance. At the same time, many
studies confirm that in a premature newborn in the first 48
hours after birth, there is a weak relationship between mean
BP and CO. Relying only on the value of the average blood
pressure, the doctor can give an erroneous conclusion
about the state of the cardiovascular system, interpret the
state of shock in the patient, especially in the early neonatal
period, when fetal communications are still functioning. The
explanation for this may be that fluctuations in peripheral
vascular resistance can affect cardiac output, but not affect
blood pressure, and the presence of an arterial duct causes
an increase in cardiac output from the left ventricle. As a
result of this paradox, two children with the same blood
pressure may have different cardiac output. Those. the
relationship between arterial pressure and left ventricular
cardiac output is weak, for example, some children have
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mean arterial pressure above 30 mm Hg, while cardiac
output is low, less than 150 ml / kg / min, and conversely,
some children have low arterial pressure, but while cardiac
output is within the normal range [4,46,53,62,67].

Accordingly, hemodynamic evaluation based only on
mean BP leads to the fact that circulatory failure or shock
may go unnoticed [56,62].

Systemic blood flow (SC), supplying the entire
systemic vascular bed of the body, and hence providing
blood to all tissues and organs, would be the most
informative indicator for assessing the state of
hemodynamics. However, in the presence of fetal
communications in newborns, especially preterm infants,
cardiac output measurements will not reflect MC and will
not allow the clinician to adequately assess the patient's
hemodynamic status. Left-to-right (L-R) shunting through
the ductus arteriosus will increase left ventricular (LV)
output, and thus the amount of blood actually reaching the
systemic circulation will be overestimated, as LV = SC +
ductal L-R- shunt. The shunting of blood through the open
oval LR window will increase the right ventricular ejection
(RVC), which will lead to an overestimation of the systemic
venous return, since RVC = SC + interatrial LP shunt
[21,25].

Factors contributing to a decrease in systemic
blood flow. In premature newborns, one of the factors in
reducing systemic blood flow is the rapid clamping of the
umbilical cord at birth. This contributes to a decrease in
venous return, a decrease in ventricular preload and a
decrease in CO [10,53].

Extracardiac factors can also cause hemodynamic
disturbances. Increased intrathoracic pressure due to high
mean airway pressure during mechanical ventilation (ALV),
tension pneumothorax, or pericardial tamponade can also
interfere with venous return. Also, cardiac myopathies with
the formation of a small ventricular cavity, for example, in
newborns with hypertrophic cardiomyopathy from mothers
with diabetes mellitus, may have diastolic dysfunction and
decreased cardiac filling [11].

Cardiac output of the left ventricle of the heart (CO) in
newborns, in contrast to older children, under the conditions
of functioning of fetal communications, is mostly pulmonary
blood flow minus left-right shunt through the foramen ovale
and/or PDA. Normally, CO values in term infants (236 £ 47
mi/kg/min) correlate with those in preterm infants without
fetal shunts (221 + 56 ml/kg/min). At the same time, in
preterm infants with significant ductus arteriosus, left
ventricular CO does not reflect systemic blood flow, just as
normal CO values do not necessarily prove adequate
systemic blood flow. These are different concepts,
especially in newborns with fetal shunts, such as open
ductus arteriosus, in which cardiac output will change
systemic blood flow, as blood ejected from the left ventricle
returns to the pulmonary circulation and then to the left
ventricle. In such a situation, CO of the right ventricle is
used to assess systemic blood flow [11,72].

The right ventricular CO is the volume of blood ejected
from the right ventricle per minute. The amount of blood
flow is estimated at the level of the bifurcation of the
pulmonary artery. Normally, the data correspond to the
indicators of the CO of the left ventricle. However, with
significant shunting of blood through the foramen ovale, the
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RVF will also not characterize the systemic blood flow. In
this case, in order to indirectly assess systemic blood flow,
venous return of blood to the heart is assessed by
measuring blood flow in the superior vena cava (CVVC)
performed using echocardiography [14,31,59].

Cardiac ultrasound in neonatology provides
information about the presence of fetal shunts that cannot
be assessed by other methods. Awareness of the presence
of such shunts is essential for the correct interpretation of
the obtained values of cardiac output [17,47,70,71,75].

Functional echocardiography is the most rational
method that can provide not only an objective assessment
of cardiac function and cardiac output, identify a
hemodynamically significant patent ductus arteriosus, but
also allow a reliable assessment of systemic blood flow, the
value of which is determined by CO [15,18,55,78]. Due to
its non-invasiveness, echocardiography in neonatology is a
rational and safe diagnostic method.

The use of echocardiographic diagnostics in a newborn
with an extremely low and very low MTR should not be
postponed and should preferably be performed on the first
day of a child's life, while focusing on four main parameters:
cardiac contractility, systemic blood flow, shunting through
the ductus arteriosus, and excluding persistent pulmonary
hypertension [13,22,27,49,70]. Currently, the problem is
that echocardiography may not always be available,
depending on the capabilities of the center where the
patient is located, and almost always the study can only be
carried out by ultrasound diagnostics specialists or
cardiologists, but not by neonatologists, which sometimes
causes a delay in heart diagnosis and becomes an obstacle
for the early diagnosis of hemodynamic disorders.

Blood flow in the superior vena cava. Management
of hypotensive neonates based on superior vena cava
(SVC) flow data is currently widely discussed, since
intracardiac shunting does not need to be considered. SVC
blood flow correlates with left ventricular CO values and
represents the volume of blood passing through the
superior vena cava at the level of its confluence with the
right atrium, 70-80% of which is the blood flow in the brain.
The blood flow in the superior vena cava increases in the
first 48 hours after birth, ranging from 70 mi/kg/min at 5
hours of age to 90 ml/kg/min at 48 hours of age. Given the
data on a significant increase in the first 48 hours, the
normal values of CVV are 40-120 ml / kg / min [11,31]. A
recent study in Italy demonstrates SVC blood flow values
ranging from 83-153 ml/kg/min in the first 48 hours in
infants less than 31 weeks' gestation [60]. Studies show
that impaired blood flow in the SVC is correlated with an
increase in mortality and disorders of neuropsychic
development in children aged 3 years [7,14,36,63]. Some
studies suggest the flow in the superior vena cava as a
marker of systemic and cerebral perfusion, realizing the
possible errors in the accuracy of measurements, searches
are also being made for various methods for studying the
flow [28,50].

Early clinical studies have shown that low SVC flow,
especially if it lasts for a long time, was associated with the
risk of intraventricular hemorrhage, morbidity, mortality, and
worse neurodevelopmental outcomes. Studies have also
shown that low SVC blood flow is a stronger indicator of
poor outcome than blood pressure [45,78]. The most
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commonly defined low blood flow is <41 mi/kg/min, based
on the lowest value found in 25 stable preterm infants at 24
hours of age [6,40,41].

There are limited data on the treatment of low superior
vena cava blood flow and low cardiac output in neonates. In
a randomized study by Osborn D.A. 42 preterm infants with
low superior vena cava flow were studied. In preterm infants
with low systemic blood flow (measured by SVC blood flow)
on the first day of life, dobutamine at a dose of 10-20
mcg/kg/min is more effective than dopamine at the same
doses. However, 40% of infants failed to increase or
maintain superior vena cava blood flow in response to any
inotrope, and no significant difference in mortality or
morbidity was found [52,56,57].

There are also isolated data on the presence of a
relationship and correlation of flow in the SVC and other
echocardiographic indicators, which requires further
research [8,35,68].

The discussion of the results.

Thus, the use of indicators of blood flow in the superior
vena cava can help develop evidence-based clinical
approaches to the diagnosis and treatment of organ
hypoperfusion in preterm infants with functioning fetal
communications.

Arterial pressure, determined by cardiac output and
systemic vascular resistance, may be normal in the shock
compensation  phase. However, with insufficient
redistribution of blood flow, blood supply and oxygenation of
vital organs are disturbed, as a result of which multiple
organ failure develops. And only in the phase of
uncompensated shock can systemic arterial hypotension be
observed [71]. The boundaries of normative blood pressure
values for newborns of different gestational ages have not
yet been determined, therefore, when assessing the state of
the cardiovascular system, one must be extremely careful,
taking into account all possible diagnostic and clinical
parameters.

As is known, all over the world there are difficulties in
early diagnosis and detection of hemodynamic disorders in
newborns, especially in premature infants, there are no
unified therapeutic approaches in the treatment of
hemodynamic disorders, arterial hypotension in newborns,
including the appointment of a volume load, the use of
corticosteroids in relative adrenal insufficiency in premature
newborns. Despite the widespread practice of treating
arterial hypotension with volume loading in preterm infants
in the first hours after birth, there are more and more doubts
about the appropriateness of this approach in relation to
children with functioning fetal communications (ductus
arteriosus and foramen ovale). Currently, clear indications
and contraindications for volume loading, taking into
account the gestational age of the child or the specific
clinical situation, are still not clearly defined [27,56,59,80].

Summing up, it should be said that complex monitoring
and control of hemodynamic parameters with the correct
and competent interpretation of the data obtained with a
mandatory individual approach to a newborn child has a
crucial role in reducing the incidence of various
complications and reducing the percentage of deaths in
neonatology [37].

The above aspects justify the importance of further
research aimed at early assessment and detection of

hemodynamic disorders in preterm infants based on blood
flow data in the superior vena cava, which can help the
selection of therapeutic approaches in the treatment of
arterial hypotension in neonatology, taking into account an
individual approach to each infant. Such an orientation of
the study can undoubtedly help improve the quality of
diagnosing  hemodynamic  disorders, improve the
effectiveness of targeted treatment, reduce the percentage
of complications and the cost of using expensive drugs.

Thus, functional echocardiography is a non-invasive
method, using which one can obtain indicators of a wide
range of hemodynamic parameters, and the research
method can also play an important role in determining the
tactics of patient management. Mastering this method by
specialized specialists - neonatologists will improve the
quality of diagnosis and treatment of newborn babies in
intensive care units, will contribute to the timely and early
diagnosis of hemodynamic disorders. It should also be
borne in mind that the main task of any monitoring is the
analysis of each indicator in dynamics in the process of
monitoring the patient and conducting intensive care.

The flow in the superior vena cava is one of the
valuable parameters for informing clinicians about perfusion
and cerebral blood flow. The association of significantly and
persistently low blood flow with increased risk of morbidity,
mortality, and dynamic measurement of superior vena cava
flow beginning early after birth may help detect risk in these
infants. The diagnostic accuracy of SVC flow for predicting
poor perfusion will improve with the addition of other
clinical parameters such as blood pressure and other
measurement methods for comprehensive hemodynamic
monitoring. SVC flow and cardiac output are considered
key in neonatal shock and can be used for targeted
treatment. SVC flow is a monitoring method for assessing
heart-lung interactions, ductus arteriosus shunt volume,
and diagnosing autonomic dysfunction in hypoxic-
ischemic encephalopathy [9,35,68].

The main limitation of measuring SVC flow and cardiac
output is that they are not a true measure of myocardial
function. Blood flow is the interaction between the heart and
blood vessels. The ventricular arterial junction is an
excellent parameter of cardiovascular efficiency and
pathways to heart failure, but it provides limited insight into
intrinsic myocardial function. The addition of an additional
assessment of preload parameters, ejection fraction, and
measurements of ventricular shape and size are needed to
better understand myocardial function and dysfunction.

Conclusions

In order to progress in knowledge of hemodynamic
features in newborns, we must improve the available
diagnostic methods, find and develop new methods that are
possible in neonatology for rational and safe control of
hemodynamics, and also use various parameters in
practice, such as SVC blood flow, recognizing its limitations
and expand our capabilities more and more [49,74].

The study of new methods to improve the diagnosis of
the state of the cardiovascular system in premature
newborns will help to timely identify infants at risk of
impaired perfusion in the perinatal period, will also have a
significant impact on the choice of rational therapy, and,
accordingly, improve the quality of life and health of such
patients in subsequent years of life.
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