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Abstract

Introduction: Advancements in prenatal diagnostics, cardiac surgery, and intensive care have markedly increased the
survival rates among children with complex congenital heart defects (CHD). Recent neuropsychological studies have
convincingly demonstrated that children with CHD are at high risk of developing cognitive impairments.

Aim: to analyze the literature data on the role of the cognitive component in the rehabilitation of preschoolers with
congenital heart defects.

Search strategy: as part of the preparation of the literature review, a multi-stage strategy for searching for scientific
information was implemented using the following databases and platforms: PubMed, Google Scholar and UpToDate. Based
on the results of the search, 71 scientific publications were selected that are most relevant to the purpose and subject of the
study with a search time interval spanning the last 10 years.

Results: The cognitive functioning of a child is one of the most vulnerable areas in the presence of congenital heart
disease, which affects not only due to the pathology itself, but also due to mandatory cardiac surgery. Despite the growing
attention to this problem, the prevalence of cognitive impairment in children and adolescents with congenital heart
abnormalities is still underestimated and insufficiently reflected in clinical practice.

Disorders of neurodevelopment in CHD are caused by a complex interaction of factors acting at various stages, starting
from the antenatal period and ending with postoperative recovery. Predictors of cognitive impairment include both organic
(including chronic hypoxia and cerebral hypoperfusion) and iatrogenic effects (for example, artificial blood circulation,
anesthesia, and postoperative complications).

Conclusions: In a number of countries, there are no structured monitoring and support programs for children with CHD
after surgical treatment, routine assessment of cognitive and psycho-emotional development is not carried out, and there are
not enough specialists who know the methods of neuropsychological diagnosis and correction.
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BeepeHuwe: OGnarogaps nporpeccy B NpeHaTanbHOW AMarHOCTWKE, KapaAMOXMPYPruM UM MHTEHCWMBHOW Tepanuu
3Ha4NTENbHO MOBBICMNACH BbIKMBAEMOCTb AeTen ¢ TskenbiMu chopmamu BIIC. Helponcuxonornyeckue mccnegoBaHus
nocnegHunx net ybeauTenbHO LEMOHCTPUPYHT, YTo Aetu ¢ BMC nogBepkeHbl BBICOKOMY PUCKY Pa3sBUTUS HapyLUeHWiA
KOrHUTUBHOIO NpoHuns.

Llenb uccnepoBaHWA: aHanu3 nUTEPATYpHbIX AAHHBIX O POMM  KOTHUTMBHOTO KOMMOHEHTa B peabunurayum
BOLKOMBHUKOB C BPOXAEHHBLIMW MOPOKamMK cepaua.

Crparerusi moucka: B pamkax NOLATOTOBKW NuTepaTypHOro ob3opa Obina peann3oBaHa MHOTOCTyneH4YaTas cTpaTterus
nomcka HayyHoit MHdopMaumm 3a nocnegHne 10 neT ¢ Ucnonb3oBaHMEM crefyrowmx 6a3 gaHHbIX U nnatgopm: PubMed,
Google Scholar n UpToDate. Mo utoram noucka otobpaHa 71 Hay4Has nybnukaums, Haubonee COOTBETCTBYIOLME Lienn
TeMaTuke 1ccneaoBaHuns.

Pe3synbTtatbl: KorHutueHoe passutue pebéHka npeactaBnseT cobon ogHy w3 Hauboree 4yBCTBUTENMbHBIX Cdep npu
BPOXAEHHOM NOPOKE CepAua, Ha KOTOpYK BO3AEACTBYET HE TONMbKO Cama CepaeyHast natonorus, Ho M HeobxoauMoCTb
XMPYPrUYECKOro BMeLaTenbcTBa. HecMOTps Ha Bo3pacTatolluii MHTEPEC K 3TOW Teme, YPOBEHb PacmpOCTPaHEHHOCTY
KOTHUTMBHbIX HapYLIEHWIt ¥ AETEN M NOAPOCTKOB C BPOXAEHHLIMM NOPOKaMK cepaua BCE eLlé 0CTaéTcs HeLOOLEHEHHBIM W
He nonyyvaeT BOIMKHOTO BHUMAaHWS B KIMHUYECKON NpaKTUKe.

Hapywenus Heiipopassuta npu BINC o6ycnoBneHbl CRoXHbIM B3aUMOAENCTBMEM (DaKTOPOB, OEMCTBYIOWMX Ha
pasnnyHbIX 3Tanax — HauWMHas C aHTeHaTanbHOro Mepuoda W 3akaHuMBas MOCNEeonepaLyMoHHbIM BOCCTaHOBNEHWEM. K
NpeaVYKTOPaM KOTHUTUBHBIX HAPYLLEHWUA OTHOCATCS Kak OpraH1yeckue (B TOM YMCIE XPOHUYECKast runokeus v LepebpanbHas
mnonepdysust), Tak U ATPOreHHble  BIMSIHUS  (HanMpWUMEP,  WMCKYCCTBEHHOE  KpoBoOOpalleHne, — aHecTesus,
nocneonepawyoHHbIe OCMOKHEHMS).

BbiBoabI: B psage rocygapcte oTCyTCTBYIOT CTPYKTYPUPOBaHHbIE MporpamMmbl HabnogeHus n nogaepxkn aetein ¢ BrIC
nocne X1pYprnyeckoro NeYeHnsl, He NPOBOANTCA PYTUHHAS OLEHKA KOTHUTWUBHOTO W NCUXO3MOLMOHANBHOMO PasBuTHS, He
XBaTaeT CMeLManmcToB, BNagerwwyx MeToaamm HeApONCUXONormiyeckor AMarHoCTUKIA 1 KOPPEKLNN.

Knrovesble croga: KoeHUMUBHbIE HAPYWeHUS, BPOXAEeHHbIE NOPOKU ceplya, OOWKOMbHUKU.
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Kipicne: npeHatanbibl gnarHocTuka, KapamoXupyprisi XaHe KapKbiHAbI Tepanusigarbl NPOrpeccTiH apkackiHha aybip
ANC 6ap 6ananapablH, eMip cypy feHreii antapnbiktaii ecTi. COHFbI XbiNaapaarbl HEAPONCUXONOrvanbIK 3epTTeynep
ANC-meH ayblpaTbiH 6ananapablH, KOrHUTUBTI BeriHHIH, By 3blnybIHbIH, AaMy Kayni )XOFapbl eKEHiH kepceTesi.

3epTTeyaiH Makcatbl: Tya GiTkeH Xypek akaynapbl 6ap MekTen xacblHa AeiiHri 6ananapabl OHanTygaFbl KOrHUTUBTI
KOMMOHEHTTIH, peni Typankl aaebu aepekTepai Tanzay.

Isgey ctpaterusicbl: 94ebun wonyabl AanbiHaay ascbiHoa COHFbl 10 Xbin iWiHAe FbINbIMKU aknapaTTbl i3geydiH ken
caTblibl CTpaTerusicbl keneci ManimeTtep 6asackl MeH nnatdopManapbiH KongaHa oTbipbin XKy3ere acbipbingsl: PubMed,
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Google Scholar xaHe UpToDate. I3ney KopbITbiHAbICHI GOVbIHWA 3epTTeydiH, MakcaTbl MEH TaKblpblOblHA HEFYpIbIM
COWNKeC KeneTiH 71 FbinbIMK XapusnaHbiM TaHganabl.

Hatnxenep: 6anaHbiH, KOTHUTUBTI KbI3METi Tya BiTkeH Xypek akaybl 6onFaH kesge eH ocan cananapgpiH 6ipi 6onbin
Tabbinagbl, 0N NaToNorusHbIH, ©3iHEH FaHa eMeC, COHbIMEH KaTtap MIHAETTI KapanoXWpyprusnblk apanacyaH ga acep
eTeni. byn macenere kebipek Hasap aydapbinFaHblHa KapamactaH, Tya GiTkeH Xypek akaynapbl 6ap Gananap meH
Xacecnipimaepae KorHuTuBTI Oy3binynapablH, Tapanysl oni ae GaranaHbanabl xaHe KnuHUKanblK Taxipubene TOMbIK
kepiHGenai. OMC-pgafbl HepogamydbiH Oy3binybl aHTeHaTanbAbl Ke3eHHeH 0acTan onepauusigaH KewiHri KanmblHa
KenTipyre AemiHri apTypni keseHAepae ocep eTeTiH dhakTopnapablH Kypaeni e3apa opekeTTecyiHe 6GainaHbICTbI.
KornuTueTi Oy3binynapabiH, 6omkayLwbinapbiHa OpraHukanbik (COHbIH, iiHAE CO3bIMarbl MMNOKCKS XaHe Lepebpanbabl
rmnonepdysusi) KeHe ATporeHaik acepnep (Mbicanbl, Xypek-eKkne aiHanbiMbl, aHecTe3ns, onepauusigaH KewiHri
ackbiHynap) xaragpl.

KopbITbiHAbINAp: Gipkatap Memnekettepae xupyprusnblk emgeygeH keiiin [MNC 6ap Gananapgbl 6akbinay meH
KongayaoblH KypbinbIMAbIK OaFaapnamanapbl KOK, KOTHWTMBTI XeHe NCUX0aMouyoHanbl Aamydbl KyHgenikti Garanay

XYPridiniMengi, HeMpoNCUXONOrUANbIK AMArHOCTIKA MEH Ty3€eTy SAICTEPIH MEHrepreH MamaHaap Xeticnengi.
TytiHdi ce3dep: koeHumusmi 6y3binynap, mya 6imKkeH Xypek akaynapbl, Mekmen xacsiHa delliHei 6ananap.
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Introduction:

Congenital heart defects remain one of the most
common developmental abnormalities — according to the
World Health Organization, 8 to 10 cases per 1,000 live
births are registered annually. Advances in prenatal
diagnostics, cardiac surgery, and intensive care have
significantly improved the survival rate of children with
severe congenital heart defects CHD [24, 25, 28]. However,
an increase in the number of surviving patients is
accompanied by an increase in the detection of long-term
neurological and neurocognitive complications that manifest
themselves in preschool age, a period critical for the
formation of basic cognitive functions and social adaptation
[6, 36, 44].

Recent neuropsychological studies strongly
demonstrate that children with CHD are at high risk of
developing cognitive impairments. Among them, the most
frequently noted are a decrease in the speed of information
processing, impaired attention, disorders of executive
functions [43], speech, and motor deficits. These disorders
are caused not only by the anatomical features of the defect
itself and frequent cases of chronic hypoxia, but also by
factors such as intrauterine developmental delay, the
impact of cardiac surgery using artificial circulation,
postoperative complications (including strokes, seizures),
as well as social and emotional aspects, including family
stress and long-term hospitalizations [59].

Of particular concern is that cognitive deficits may
remain subclinical in infancy but increase significantly by
preschool and primary school age, negatively affecting
learning, socialization, and emotional development. In this
regard, the need for early and comprehensive rehabilitation
is being updated, including with an emphasis on the
cognitive component [6, 35].

Cognitive rehabilitation in pediatrics is a complex of
targeted actions to develop and restore intellectual functions,
adaptive behavior, and leamning skills [57]. In the context of
CHD, this component requires a remarkably subtle and
interdisciplinary approach that considers not only medical,
psychological, pedagogical, and social aspects [7-9,27].

This literature review analyzes existing data on the
neurocognitive consequences of congenital heart defects in
preschool children and the role of the cognitive component
in their rehabilitation.

Aim: to analyze the literature data on the role of the
cognitive component in rehabilitating preschool children
with congenital heart defects.

Search strategy:

As part of the literature review preparation, a multi-
stage search strategy for scientific information was
implemented using PubMed, Google Scholar, and
UpToDate databases and platforms.

The PubMed system used an extended query with
MeSH: "cognitive impairment" and "congenital heart
defects," with a search time interval spanning the last 10
years. Filters by age category (Preschool Child: 2-5 years)
and full-text access to content were activated.

Google Academy used keywords in Russian: "cognitive
impairment," "preschool children."

Based on the search results, 71 scientific publications
were selected that most correspond to the study's purpose
and subject.

Inclusion criteria included full-text access, publications
in English and Russian, and clear, statistically valid
conclusions.

Exclusion criteria included conference abstracts,
materials from non-specialized media, and subjective
sources (for example, personal messages or interviews
without a verified scientific base).

Results

Congenital heart defects in children. The overall
picture.

Congenital heart defects (CHD) occur in approximately
1% of live births [3, 33, 60] and represent around 28% of all
major congenital anomalies [61]. These defects are also
significant contributors to early mortality [7]. Newborns
diagnosed with CHD exhibit a higher prevalence of brain
abnormalities compared to the general population [34, 44,
58]. CHD is generally characterized as a structural defect of
the heart and/or major blood vessels present at birth [25].
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Critical CHD refers specifically to those lesions that
necessitate surgical or catheter-based intervention within
the first year of life.

This includes both cyanotic and non-cyanotic lesions.
Early detection, emergency stabilization, and transportation
to an appropriate pediatric cardiology center are essential
steps to ensure optimal outcomes for newborns with these
lesions [62].

Prevalence of congenital heart defects

According to a large-scale meta-analysis conducted by
Yingjuan Liu and colleagues [24], the prevalence of
congenital heart defects (CHD) at birth between 1970 and
2017 has steadily increased. The peak was recorded in
2010-2017, when the rate reached 9.41 cases per 1000 live
births [95% confidence interval (CI): 8.60-10.25], which is
statistically significantly higher than in the previous 15 years
(P=0.031).

Analysis of the dynamics showed that the main increase
is due to the rise in the diagnosability of mild CHD,
particularly defects of the interventricular and atrial septa
and the open ductus arteriosus. These forms together
account for about 93.4% of the total increase due to
improved postnatal screening methods and early detection
of less pronounced anomalies.

At the same time, the frequency of severe anomalies,
such as obstructive outflow defects from the left ventricle,
including hypoplasia of the left heart, decreased. Their
prevalence decreased from 0.689 per 1000 (95% CI:
0.607-0.776) in 1995-1999 to 0.475 per 1000 (95% Cl:
0.392-0.565) in 2010-2017. This decline probably reflects
advances in prenatal diagnosis and subsequent termination
of pregnancy when fatal malformations are detected.

In addition, the authors note pronounced geographical
differences: the lowest rates were found in Africa — 2,315
cases per 1000 live births (95% Cl: 0.429-5,696), while the
highest rates were found in Asia, where the frequency
reached 9,342 per 1000 (95% ClI: 8,072-10,704) [25].

Relationship between congenital heart defects and
cognitive impairment

Cognitive development in children is particularly
susceptible to disruption in the context of congenital heart
disease (CHD), with negative influences arising both from
the cardiac defect itself and from the necessity of early
surgical intervention. Although awareness of this issue is
increasing, cognitive  impairments in  children and
adolescents with CHD continue to be underrecognized and
inadequately integrated into standard clinical assessments.

Neurodevelopmental complications in CHD patients are
driven by a multifactorial process that spans from the
prenatal phase through the post-surgical period.
Contributing factors include both physiological insults, such
as prolonged hypoxia and reduced cerebral blood flow, and
medical interventions, including cardiopulmonary bypass,
exposure to anesthesia, and complications following
surgery.

Despite these risks, many children who undergo early
surgical repair for complex CHD maintain overall intellectual
functioning (1Q) within the normal range.

However, the average scores tend to be lower than
peers in the general population, as evidenced by cohort and
longitudinal studies [63].

Among clinically significant congenital heart defects, a
special place is occupied by left heart hypoplasia syndrome
(LHS), a severe abnormal condition in which there is an
underdevelopment of the structures of the left half of the
heart, including the mitral and aortic valves, the ascending
aorta, and the left ventricle. This morphological anomaly
leads to the fact that left-sided structures cannot provide the
systemic blood flow necessary for the delivery of oxygen to
all organs and tissues [23].

In newborns with OHLOS, the functioning of the
cardiovascular system is utterly impossible without
emergency intervention. The standard treatment strategy
includes staged palliation — a sequence of palliative
operations that begin in the neonatal period. The Norwood
procedure constitutes the initial stage of surgical palliation,
designed to establish systemic circulation through the right
ventricle. This is followed in early childhood by a
bidirectional Cavo pulmonary anastomosis (commonly
known as the Glenn procedure), which partially redirects
venous return to the pulmonary arteries. The final stage, the
Fontan procedure, completes the circulation pathway by
fully separating systemic and pulmonary venous blood flow,
allowing deoxygenated blood to flow passively into the
pulmonary arteries without passing through a ventricle.

Thus, the right ventricle begins to perform the function
of the main pump of the systemic circulation, compensating
for the anatomical and functional insufficiency of the left
heart [26, 56]. Although congenital heart defects (CHDs)
represent the most prevalent type of congenital
malformation - affecting approximately 1% of all live births -
hypoplastic left heart syndrome (HLHS) is regarded as one
of the most critical and prognostically unfavorable variants
within this group. Its course is characterized by a
pronounced anatomical failure of the left heart chambers. It
requires immediate and gradual surgical intervention in the
first days of life to ensure systemic circulation and patient
survival [49, 50].

Prior to the development of modern surgical techniques,
hypoplastic left heart syndrome (HLHS) was uniformly fatal.
One of the most significant long-term complications in
survivors of HLHS is impaired cognitive development and
neurological functioning. HLHS, along with other forms of
congenital heart disease (CHD), is strongly associated with
an elevated risk of neurodevelopmental disorders [28, 45].

To date, several meta-analytical reviews have been
published to study the cognitive status of children with left
heart hypoplasia syndrome (LHS) in the age range from
infancy to 12 years. An early meta-analysis examining
cognitive outcomes in children and adolescents with
different types of congenital heart disease (CHD)
synthesized findings from four studies published prior to
2005. This review examined indicators of general
intelligence  (FSIQ), verbal intelligence (VIQ), and
productive intelligence (PIQ). The results indicated a
marked decrease in FSIQ and PIQ and an average
decrease in VIQ in children with OHLOS. In contrast, in
patients with other types of CHD, cognitive abnormalities
were minimal or moderate, suggesting that SGLOS is
associated with more pronounced long-term cognitive
consequences compared to other forms of congenital heart
disease.
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Additional data are provided by Sistino J.J., Bonilha
H.S. (2012), who conducted a secondary analysis of
cognitive indicators as part of an extended quantitative
review of survival and functional outcomes in preschool and
primary school children with OHSS. This review includes 10
studies published before 2010. According to the results,
preschool children showed reduced average values on the
Bayley Il scale of mental development, while the average
general intelligence index (FSIQ) in children aged 6-12
years was in the lower limit of normal, which indicates
persistent cognitive development disorders in this clinical
population [40].

The results presented in the reviews of Karsdorp P.A. et
al. (2007) [17] and Sistino J.J., Bonilha H.S. (2012) [40]
emphasize the relevance of further study of neurocognitive
functioning in children with left heart hypoplasia syndrome
(LHS) and provide an essential empirical basis for further
research in this area. However, both reviews have several
methodological limitations to consider when interpreting the
data obtained.

Thus, a meta-analysis by Karsdorp P.A. et al. [17]. It
included only four studies available at the time of
publication that analyzed cognitive performance in children
with OHLOS at an average age of 2.8 to 9 years. Despite
the significance of their findings, the limited number of
samples and heterogeneity of data reduce the
generalizability of the results. Sistino J.J., Bonilha H.S. [40]
provided a generalized average FSIQ value for school-age
children. Still, their work does not calculate standardized
effect sizes for cognitive functioning in preschool and
primary school age groups.

In addition, none of these reviews considered possible
moderators of effects, such as age at the time of
intervention, type of surgical treatment, presence of
postoperative complications, or socio-economic status of
the family, which limits the ability to analyze factors that
affect the degree of cognitive deficits [17, 41].

Classification and Characteristics of Cognitive
Impairment in Preschool Children with congenital heart
defects.

Cognitive functions are an integrated complex of higher
mental processes responsible for the perception,
processing, and storage of information, as well as for the
implementation of purposeful behavior. These functions
traditionally include attention, memory, speech, thinking,
perception, and executive functions, including planning,
self-regulation, and activity control [38]. In children with
congenital heart defects (CHD), the formation and
implementation of these processes can be disrupted at
different stages of ontogenesis, starting from the
intrauterine period. Based on clinical, psychological, and
neurophysiological studies, it is possible to identify the main
areas of cognitive impairment characteristic of preschool
children with CHD [29, 37].

Most second-year children with CHD experience mental
retardation, particularly in speech and movement
development [64]. One of the most frequent cognitive
impairments in CHD is a lack of voluntary attention,
decreased stability, and concentration [65]. These disorders
manifest in increased distractibility, an inability to focus on a
task, and frequent changes in activity. In more severe
cases, symptoms similar to attention deficit hyperactivity

disorder (ADHD) are recorded. Causes include hypoxic-
ischemic damage to the frontal lobes and features of the
maturation of prefrontal brain structures [63].

Preschool children with CHD may suffer from short-term
and long-term memory problems, especially speech and
visual-spatial memory. This difficulty makes it challenging to
master new knowledge, complicates memorizing
instructions, and impairs the formation of learning
motivation [14]. According to neuropsychological studies,
children with CHD often have impairments in verbal
information encoding strategies, which indicates immaturity
of the hippocampus and medial structures [10].

Delayed speech development in children with CHD can
be associated with peripheral hearing and articulation
disorders (for example, after prolonged mechanical
ventilation) and central ones-impaired phonemic hearing,
poor vocabulary, and difficulties constructing phrases.
Expressive and receptive speech are affected, which in turn
affects the formation of social skills [37, 38].

In children with CHD, executive functions (planning,
self-regulation, working memory, flexibility of thinking) are
underdeveloped. This manifests in difficulties moving from
one task to another, impulsivity, and problems with
behavioral control. Such features often prevent children
from following rules and instructions, even if their
intelligence is intact [66)].

A significant proportion of children with CHD experience
discoordination, difficulties in orientation in space, and
violations of graph-motor skills. These features may be
associated with the underdevelopment of the cerebellum,
premotor, and parietal cortex. In practice, they manifest
themselves in awkward movements, difficulties in writing
and drawing, and violations of fine motor skills [5].

Neurocognitive deficits in children with CHD are often
accompanied by emotional disorders such as anxiety, low
self-esteem, and impaired adaptation in the team. These
conditions, in turn, exacerbate cognitive symptoms, creating
a vicious circle. Studies have shown that children with CHD
experience more behavioral and emotional impairments
compared to children in the general population [67][1].

Mechanisms of Cognitive Impairment in Children
with congenital heart defects

Understanding the pathophysiological and
neuropsychological mechanisms underlying cognitive
disorders in congenital heart defects (CHD) is critical for
developing effective rehabilitation strategies [18, 51].
Modern studies emphasize the multifactorial nature of these
disorders,  where  organic,  genetic, metabolic,
hemodynamic, and socio-psychological factors all play
significant roles [19, 22, 46].

The most significant mechanism is considered to be
chronic and/or episodic hypoxia of the brain. In children with
cyanotic CHD (e.g., Fallot's tetrad, transposition of the main
vessels), there is a constant decrease in oxygen saturation
in the blood, which leads to hypoxic damage to the cortex
and subcortical structures. The hippocampus, frontal lobes,
and cerebellum are particularly vulnerable, supporting
memory, attention, and motor planning [2, 52].

Even children with non-cyanotic CHD may experience
systemic impairment of cerebral perfusion due to defects in
intracardiac hemodynamics (e.g., ventricular septal defect,
aortic coarctation). Reduced cerebral blood flow, especially
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during critical periods of neuronal development (the third
trimester of pregnancy and the first two years of life), leads
to decreased gray and white matter volume, which is
confirmed by MRI studies [39, 68].

Surgical interventions, especially with the use of
artificial blood circulation (IC), represent an independent
risk factor for cognitive impairment. Micro embolism,
hypoperfusion episodes, blood pressure fluctuations, and
reperfusion injuries may occur during  surgery.
Neuroimaging shows that after IC, children have an
increased risk of developing periventricular leukomalacia,
hemorrhages, and post hypoxic changes [59, 69].

In 20-35% of children with CHD, genetic syndromes
accompanied by cognitive disorders are detected: Down
syndrome, Di Giorgi syndrome, Williams syndrome, and
microdeletions 22q11. These conditions complicate the
neuropsychological profile by impairing intelligence,
learning ability, and speech skills. Even without syndromic
pathology, polygenic mutations affecting  cognitive
development may be present [9, 70].

Prolonged hospital stays, forced isolation from peers,
frequent medical interventions, lack of emotional contact with
parents, fears, and pain create a stressful environment for the
child. These factors negatively affect the formation of emotional
regulation and socialization, indirectly impacting cognitive
development and reducing adaptive potential [15, 32].

Families of children with CHD often face high levels of
anxiety, overprotection, and emotional burnout [30]. Lack of
proper stimulation at an early age, overloading with medical
procedures, and lack of a stimulating environment all
reduce the child's cognitive plasticity, slowing down the
development of initiative and creativity. This issue is
especially pronounced in preschool-aged children, for
whom play and social interaction serve as the central
drivers of cognitive and emotional development [8].

Modern Approaches to Cognitive Rehabilitation in
Preschool Children with congenital heart defects

Effective cognitive rehabilitation for children with
congenital heart defects (CHD) necessitates early
intervention, a comprehensive framework, and a
multidisciplinary approach to address the multifaceted
nature of neurodevelopmental challenges [4]. Of particular
importance is the individualization of programs that take into
account the child's neurological, psychosocial, and somatic
characteristics. When basic intellectual, behavioral, and
communication skills are being developed in preschool,
rehabilitation activities can significantly impact the long-term
prognosis [11, 47, 53].

Modern cognitive rehabilitation for children with
congenital heart defects (CHD) is guided by several
core principles:

1.Early initiation - interventions should commence within
the first months of life. In cases where CHD is diagnosed
prenatally, preparatory work with the family can begin even
before the child’s birth to optimize developmental outcomes
[12, 21, 48];

2.Individual approach - rehabilitation should be tailored to
the severity of the cardiological condition, neuropsychological
profile, family background, and speech status [21];

3.Integration into everyday activities - corrective
tasks should be integrated into daily routines, games, and
educational activities [36];

4. Multidisciplinary approach - participation of
specialists from various fields: pediatric neurologists,
neuropsychologists, speech therapists, physical therapists,
pediatricians, cardiologists, and family psychologists [12,
36, 54].

Research
performance:
One of the notable directions in recent research focuses on
children with transposition of the great arteries (TGA), a
severe form of congenital heart defect.

According to observational and systematic reviews [31, 42],
neurodevelopmental outcomes in these patients show a
wide range of impairments even after successful surgical
correction in the neonatal period. In particular:

Children assessed during the first five years of life often
demonstrate delays in speech and motor development, as
well as lower cognitive performance compared to the
general population;

Early postoperative follow-up and multidisciplinary
interventions are associated with improved cognitive scores
and better behavioral adjustment outcomes during
preschool years. Parents reported improved attention,
memory, and stress tolerance [31] [42].

Intervention Programs with Proven Effectiveness: In
international practice, the following types of programs have
shown the most significant effectiveness:

1. Neurodevelopmental Follow-Up Programs
(USA, Canada) — regular assessment of development and
training of executive functions. Cognitive dysfunction levels
decreased by 25-30% compared to the control group [13].

2. The Parent-Child Interaction Therapy (PCIT)
model — active involvement of parents in therapy (play,
behavior correction, cognitive stimulation) showed an
improvement in the emotional background and a decrease
in ADHD symptoms in children with CHD (Valero-Aguayo et
al., 2021) [55].

According to a systematic review by Koushiou M. et al.
(2024), which included 48 studies (n=4,720 children),
children with severe CHD had a reduction in cognitive
scores of 8-15 points compared to population norms;
cognitive training before the age of 6 showed a sustained
effect for at least three years after the intervention.
Programs that included family work and speech therapy
were the most effective [20].

A scientific statement by the American Heart
Association, along with a scoping review by Hofer et al.,
highlights that early individualized neuropsychological
intervention combined with physical therapy may lead to
improvements in cognitive outcomes in children with CHD.
While specific gains vary, some studies report increases in
IQ and executive function compared to children without
intervention [16, 71].

Nevertheless, there is a clear consensus that cognitive
rehabilitation must be an integral aspect of care for children
with CHD, particularly during the first six years of life—a
critical period marked by heightened neuroplasticity.

Conclusions:

Analysis of the current literature convincingly shows that
cognitive impairment is a frequent and clinically significant
consequence of congenital heart defects (CHD), especially
in preschool children. These disorders significantly impact

supporting  improved  cognitive

250



Hayka u 3apaBooxpanenue, 2025 T.27 (3)

00630p JauTEPaATYpPhI

the quality of life, learning, and social adaptation of the
child, as well as the psych emotional state of their family.
Although most studies emphasize the importance of early
cognitive correction, a systematic approach to organizing
such assistance is not yet implemented in practice in all
countries. In some countries, there are no structured
programs for monitoring and supporting children with CHD
after surgical treatment, no routine assessment of cognitive
and psych emotional development, and a shortage of
specialists trained in neuropsychological diagnosis and
correction.
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