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Abstract. Congenital heart defects (CHDs) are a leading cause of congenital pathology in
children and are a major cause of infant and early childhood morbidity and mortality. In recent
decades, advances in cardiac surgery and intensive care have significantly increased the survival
rate of children with CHDs, leading to an increase in the number of patients with chronic disease
and varying degrees of severity. Current research shows that the severity of CHDs is determined
not only by the anatomical defect but also by the degree of hemodynamic impairment, the
severity of hypoxemia, and the impact of the defect on systemic and cerebral perfusion. Cyanotic
forms of CHD, accompanied by chronic hypoxia, are particularly unfavorable, negatively
impacting the development of organs and systems, including the central nervous system.
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OCOBEHHOCTH LEPEBPAJILHOM TEMOJMHAMMKH Y IETEM C
BPOKJIEHHBIMH MOPOKAMM CEPJIIIA

AnHoranus. Bpoxnennsie nopoku cepaua (BIIC) 3anumaror Begyiee MecTo B CTPYKType
BPOKJICHHOM NATOJIOTMM Yy JAETeH W SABISIIOTCA OJHOW M3 OCHOBHBIX NMPUYUH MIIAJICHYECKOU U
paHHEH JeTcKoi 3a00JIeBa€MOCTH, M CMEPTHOCTH. B TOCIemHHMe aecATWICTHsS OJyiarogaps
Pa3BUTHUIO KapIUOXUPYPTUU U UHTEHCUBHOW TE€pPANIMU 3HAYUTENIBHO ITOBBICUIIACH BBIKUBAEMOCTh
nerert ¢ BIIC, uro mpuBeno K yBEJIWYEHHIO YHCJIA TAIMEHTOB C XPOHHYECKUM TEUECHHUEM
3a00JIeBaHUS M PaA3UYHON CTEMEeHbIO TshKecTH mopoka. CoBpeMEHHBIE HCCIeI0BaHUs
MOKa3bIBaIOT, 4TO TspKecTh BIIC ompenensercs HE TONBKO aHATOMUYECKHM Je(PEKTOM, HO U
CTENEHbI0 TeMOJAMHAMUYECKUX HAPYIIEHUH, BIPAKEHHOCTHIO TUIIOKCEMUN U BIMSHUEM IOPOKA
HAa CHCTEeMHYIO H 1epeOpanbHylo mepdys3uto. OcoOCHHO HEOIAronpHUsITHBIMU SBISIOTCS
nuaHotudyeckue ¢opmel  BIIC, compoBokparommuecs XpOHUYECKOW THIOKCHEH, KoTopas
OKa3bIBa€T HETATUBHOE BIIMSHHE HA PA3BUTHUE OPraHOB M CHUCTEM, B TOM YHUCIE IEHTPAIbHOU
HEPBHOM CUCTEMBI.

KuioueBble cjioBa: BpOXKJIEHHBIE MOPOKU CEPJIlA, JETH PAHHETO BO3pacTa, KOTHUTUBHOE
pa3BUTHE, ICUXOMOTOPHOE pa3BUTHE

TYFMA IOPAK HYKCOHJIAPH BYJITAH BOJIAJIAPIA MUSI
IFEMOINMHAMUKACHUHHUHI XYCYCUATJIAPU

M3ox. Tyrma ropak mykconnapu (THOH) Gonamapnaa TyFma maToJOTUSIHUHT acocuii cabadu
O0ynub, rymakiap Ba dpra OONATUK JaBpUIa KacaJUIAHWIN Ba YJIMMHHHT acoCHil cababumup.
CyHrru ¥H WMIUTMKIIApAa I0paK KappoXJIMTM Ba MHTEHCUB Tepanus coxacuaard rorykiaap TIOH
OwiaH KacaJylaHTaH OOJaJIAPHUHT OMOH KOJIMII Japa’kKacUHH CE3WJIApiIu Japaxaaa Ooumupau, oy
3ca CypyHKaIM KacaJUIMKKa YaJIMHTaH Ba TYpJIM AapaxkaJard OFUPIMKAArd OeMopiap COHUHUHT
Kynaiiumura onnb Kenau. XO03upru TaakKUKoTiaap IyHH Kypcataguku, THOHHUHr orupauru
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HadakaT aHATOMHK HYKCOH, OaJKd TeMOAMHAMHUK OY3WJIWII Japakac, TUIOKCEeMHSHUHT
OFUPIIUTH Ba HYKCOHHUHT TH3UMIIM Ba MU nepdy3usicura TabCupu OWiiaH XaMm OeiruiaHaju.
CypyHkanu rtumnokcust Ownan Oupra kemaamran THOHHUHT nmMaHOTHMK Makiapu aiHHUKCA
HOKyJnail Oynu0, mapkasuil aca®d THU3MMHHM ¥3 WYUTa OJITAaH OpTaHjap Ba THU3UMIIAPHHUHT
PUBOKIJIAHUININTA CATIONIA TabCUP KypcaTaiu.

Kanur cy3nap: Tyrma 1opak HyKcoHjapu, €m Oojanap, KOHHUTUB PHBOKJIAHMIL,
IICUXOMOTOP PUBOKJIAHUILI

Introduction. Cerebral hemodynamics in children with congenital heart defects (CHD) is
characterized by complex disturbances oOycnoBnenusie both the anatomical features of the
defect and systemic changes in circulation. In recent years, most researchers have considered
impaired cerebral blood flow as one of the key mechanisms underlying neurological and
neurocognitive disorders in this group of patients. According to Goncharova E.A. (2019) and
Smirnov V.A. (2020), children with CHD show changes in cerebral perfusion already at early
stages of life, manifested by a decrease in linear blood flow velocity and its redistribution among
different brain regions. Similar results are presented in the studies by Licht D.J. (2018), who
demonstrated that newborns with critical heart defects exhibit reduced cerebral blood flow even
before surgical treatment. At the same time, Mebius M.J. (2020) emphasizes that cerebral
hemodynamic disturbances are universal in nature and are observed in both cyanotic and
acyanotic forms of CHD; however, their severity depends on the type of defect and the degree of
hemodynamic impairment [3,4,15].

Under normal conditions, cerebral perfusion is maintained by autoregulatory mechanisms
that ensure stable cerebral blood flow despite fluctuations in systemic arterial pressure. However,
as noted by Fedorova L.A. (2018, 2019) and Soul J.S. (2017), these mechanisms are impaired in
children with CHD, leading to increased brain sensitivity to changes in systemic hemodynamics.
Khalil A. (2016, 2017) demonstrated in his studies that alterations in cerebral blood flow develop
already during the prenatal period and are accompanied by redistribution of blood flow with a
decreased proportion directed to the brain. These findings are supported by the work of Peyvandi
S. (2022), which indicates that impaired cerebral perfusion is one of the key factors in the
development of neurodevelopmental disorders in children with CHD. Overall, the results of
these studies indicate the systemic nature of cerebral circulation disturbances.

Chronic hypoxia is one of the leading factors contributing to impaired cerebral
hemodynamics. Alekseeva T.M. (2021), Kuznetsov A.V. (2017), and Sidorov P.I. (2019) note
that reduced blood oxygenation leads to compensatory vasodilation of cerebral vessels; however,
these mechanisms do not ensure adequate oxygen delivery to brain tissues. In international
studies, Goff D.A. (2019) showed that chronic hypoxia leads to structural brain changes,
including white matter injury. Rollins C.K. (2022) and Newburger J.W. (2022) emphasize that
hypoxia disrupts neuronal migration and myelination processes. Limperopoulos C. (2019, 2023)
demonstrated that children with CHD exhibit slowed brain growth and reduced brain volume
associated with impaired oxygen supply (215, 220). Similar findings are reported by Kelly C.J.
(2022) and Watson C.G. (2023), who point to delayed maturation of the cerebral cortex. Thus,
the impact of chronic hypoxia on brain development is supported by a wide range of studies
[1,5,7].

Disorders of cerebral hemodynamics are closely associated with changes in neural tissue
metabolism. Alekseeva T.M. (2021) and Emelyanova N.V. (2018) note that under hypoxic
conditions there is a shift to anaerobic metabolism with lactate accumulation and the
development of acidosis (1, 18). Sun L. (2018, 2019) showed that fetuses with CHD have
reduced cerebral oxygen consumption, which is accompanied by decreased brain volume (352,
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353). McQuillen P.S. (2017) and Miller S.P. (2018) emphasize that metabolic disturbances play
a key role in white matter injury. Panigrahy A. (2019, 2021) demonstrated a relationship between
metabolic changes and structural brain abnormalities detected by MRI. In summary, metabolic
disturbances represent an important link in the pathogenesis [12,13].

Systemic hypoxemia and heart failure significantly exacerbate cerebral hemodynamic
disturbances. Petrova N.N. (2019) and the clinical guidelines of the Ministry of Health of the
Russian Federation (2021) indicate that reduced cardiac output leads to decreased cerebral
perfusion and the development of ischemia. Mebius M.J. (2020) and McElhinney D.B. (2017)
note that the combination of hypoxemia and hypoperfusion is the most unfavorable factor
leading to central nervous system injury [2,14]. Licht D.J. (2018) and Peyvandi S. (2022)
emphasize that these disturbances are particularly pronounced in children with critical heart
defects. During the perioperative period, these changes may be further aggravated. Andropoulos
D.B. (2017, 2018) and Wypij D. (2021) showed that fluctuations in systemic hemodynamics
during surgical interventions additionally impair cerebral perfusion [6,10,11]. These findings are
supported by multiple studies.

Analysis of the literature indicates that disturbances of cerebral hemodynamics in children
with congenital heart defects are formed under the influence of a complex of interrelated factors,
including chronic hypoxia, impaired autoregulation of cerebral blood flow, metabolic disorders,
and systemic hemodynamic changes. Comparison of different studies shows that pathological
alterations in cerebral perfusion begin already during the prenatal period and persist postnatally,
becoming more pronounced under the influence of surgical treatment. Despite the substantial
body of accumulated data, questions remain regarding individual variability of cerebral
hemodynamics and adaptive mechanisms, which substantiates the need for further research and
the development of methods for early diagnosis of cerebral circulation disorders in children with
CHD.

Thus, disturbances of cerebral hemodynamics in children with congenital heart defects
represent a complex, multilevel syndrome that includes motor, cognitive, and behavioral
disorders. A comparison of international studies indicates a high prevalence of these
disturbances, their multifactorial nature, and their significant impact on patients’ quality of life.
Current perspectives emphasize the importance of early detection of neurodevelopmental
disorders and the need for a comprehensive, multidisciplinary approach to diagnosis and
rehabilitation, thereby underscoring the relevance of further research in this field.
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