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Summary.

Congenital heart disease (CHD) remains a leading cause of paediatric morbidity and mortality, necessitating early diagnosis
and timely surgical intervention. The reported incidence is 6-10 per 1000 live births. Comorbid connective tissue dysplasia
(CTD) significantly influences the clinical course of CHD, contributing to structural weakness of cardiac and vascular tissues,
elevated risk of postoperative complications, and poorer long-term outcomes.

Objective. To synthesise current evidence regarding the clinical features, complications, and management of congenital heart
disease in children with concomitant connective tissue dysplasia, to identify key pathophysiological mechanisms and highlight
promising diagnostic and therapeutic strategies.

Materials and methods. This review analyses global trends in the association between CHD and CTD in the paediatric population.
Scientific literature indexed in PubMed, ScienceDirect, and Google Scholar from 2017 to 2024 was systematically evaluated.

Results. Current research indicates that molecular alterations in connective tissue components — particularly fibrillin,
collagen, and transforming growth factor-ff (TGF-p) receptors — impair myocardial and vascular remodelling, thereby increasing
susceptibility of valves and arterial walls to haemodynamic stress. Children with CTD frequently exhibit valve prolapse with
regurgitation, aortic dilatation, aneurysm formation, vascular dissection, and heightened risk of perioperative haemorrhage
and infection. These patients are more likely to require repeat surgical procedures and demonstrate delayed wound healing.
Well-characterised syndromes — including Marfan, Loeys—Dietz, and Ehlers—Danlos — demonstrate unequivocal cardiovascular
involvement. Optimal management mandates a multidisciplinary strategy encompassing early recognition of phenotypic
features, comprehensive imaging (echocardiography, cardiac magnetic resonance imaging, angiography), and targeted genetic
testing. Regular surveillance of aortic dimensions and valvular function, judicious timing of interventions, and appropriate
pharmacological prophylaxis are critical to mitigating severe complications.

Conclusions. Connective tissue dysplasia constitutes a significant comorbidity that exacerbates the natural history of
congenital heart disease, increases surgical risk, and necessitates individualised therapeutic planning. Phenotypic signs
of CTD must be actively sought and integrated into preoperative assessment and surgical decision-making. A coordinated,
multidisciplinary approach — supported by advanced imaging, genetic counselling, and longitudinal follow-up — is essential for
risk reduction and improved long-term prognosis. Further research into the molecular genetics and pathogenesis of CTD holds

promise for early risk stratification and personalised management in children with CHD.
Keywords: Congenital Heart Disease; Connective Tissue Dysplasia; Child; Communication.

The study of congenital heart disease (CHD) in
children remains a central focus of contemporary paediatric
cardiology and cardiac surgery, owing to its high prevalence,
the substantial proportion of prognostically unfavourable
forms, and the frequent requirement for surgical intervention
during early infancy — when morphological and functional
organ systems remain immature. According to international
registries, the incidence of CHD averages 6-10 per 1000
births, with approximately one-quarter of affected children
requiring surgical correction within the first year of life [1-4].

Advances in cardiac surgery, anaesthesiology, and
paediatric intensive care have reduced postoperative
mortality in high-volume specialised centres to less than 2%
[4-6]. Nevertheless, long-term outcomes are substantially
influenced by the presence of associated comorbidities and
dysfunction of non-cardiac organ systems. Extracardiac
anomalies or disorders in children with CHD complicate
clinical management, expand the scope of diagnostic and
therapeutic interventions, and elevate the risk of postoperative
complications, long-term disability, and mortality. Current
evidence indicates that approximately 30% of CHD cases
are associated with malformations of the central nervous,
musculoskeletal, gastrointestinal, or genitourinary systems,
or with immunodeficiency syndromes. The aetiology of
CHD remains multifactorial and incompletely elucidated,
with current models implicating complex interactions among
genetic, epigenetic, and environmental determinants [9-11].

The apparent rise in reported CHD incidence may reflect
both increased exposure to adverse environmental and
genotoxic agents and the expanding recognition of intrauterine
infections that disrupt cardiac morphogenesis during critical
embryonic windows. A notable trend is the increasing
proportion of CHD cases involving valvular anomalies, with
clinically significant sequelae — including acute cardiovascular
events — frequently presenting in adulthood [3,12-14].

For instance, cytomegalovirus infection has been identified
as a significant contributor to CHD and other congenital
malformations, with reported incidence rates of 4-50 per 1000
births and 4-10 per 1000 live births, and a detection rate of
approximately 40% within the first year of life [15,16].

Conversely, the stroma of all human organs and tissues
is composed of connective tissue, which provides not
only mechanical but also regulatory support to cellular
architecture. The functional versatility and structural
ubiquity of connective tissue underlie the high propensity
for its developmental and functional abnormalities, including
their contribution to congenital heart disease (CHD) [17-19].

According to the definition adopted by the Congress
of Cardiologists of Ukraine (2009), connective tissue
dysplasia (CTD) is a multifactorial hereditary disorder
of connective tissue, classified into syndromes and
phenotypic variants based on shared external and/or
visceral manifestations — ranging from benign, subclinical
forms to severe multisystem involvement [17,18].
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Hereditary connective tissue disorders (HCTDs)
encompass a spectrum of genetically determined defects
in extracellular matrix components, including collagen,
elastin, fibrillin, and other structural proteins. Given the
dependence of cardiac and vascular integrity on connective
tissue scaffolding, these conditions are frequently
associated with cardiovascular anomalies — such as CHD,
valvular malformations, arterial dilatation, aneurysm
formation, and aortic dissection [19-21].

Connective tissue constitutes the structural framework
of cardiac valves, vascular walls, and septal partitions, and
participates in their dynamic remodelling via signalling
pathways, notably the transforming growth factor- (TGF-p)
cascade. Pathogenic variants in genes encoding fibrillin-1
(FBN1), collagens, TGF-P receptors, and related matrix
proteins result in structural instability, clinically manifesting
as CHD, valvular dysfunction, and aortopathies [20,22,23].

In paediatric cohorts with clinical signs of CTD,
echocardiography frequently reveals minor cardiac
anomalies — including accessory chordae tendineae and
valvular prolapse; abdominal ultrasonography demonstrates
gallbladder deformation and renal structural anomalies;
Doppler ultrasonography of the head and neck vessels reveals
asymmetry of internal carotid artery flow and tortuosity of
vertebral arteries; and radiographic assessment shows a high
prevalence of spinal deformities (e.g., scoliosis), atlantoaxial
subluxation, C, hypoplasia, and odontoid anomalies. These
findings collectively support the classification of CTD as
a multisystem disorder [17-19].

Other investigators note that, beyond the core
phenotypic features of CTD, individual children may exhibit
manifestations across multiple organ systems. On average,
approximately nine stigmata per child are documented.
These may be functional (e.g., electrocardiographic
alterations, haemodynamic asymmetry on Doppler
ultrasonography, gallbladder deformity) or structural in
nature (e.g., cervical vertebral hypoplasia and subluxation,
minor cardiac anomalies, renal dysmorphology) [20-22].

Hereditary connective tissue diseases constitute
a heterogeneous group of over 200 monogenic disorders,
characterised by deficiency or dysfunction of key
connective tissue constituents. Prototypical examples
include Marfan syndrome, Ehlers—Danlos syndromes,
and osteogenesis imperfecta. These conditions necessitate
a multidisciplinary diagnostic and management approach,
as well as lifelong surveillance [17-22].

In recent years, the frequency of surgical interventions for
congenital heart disease (CHD) in children with comorbid
conditions or significant premorbid burden has increased
While this does not constitute an absolute contraindication
to surgery, such patients are at elevated risk of postoperative
complications, necessitating meticulous preoperative planning
and a multidisciplinary diagnostic and therapeutic approach
[7,13,23,24]. Despite substantial advances, the scientific
literature contains relatively few systematic studies addressing
comorbidity profiling and integrated management strategies
in paediatric cardiac surgery, underscoring the continued
relevance of research in this domain.

The aim of the study was to identify and identify
and synthesise current evidence regarding the clinical
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and pathophysiological interrelationship between CHD
and connective tissue dysplasia (CTD) in children, and to
review contemporary trends in diagnostic refinement and
therapeutic optimisation.

Materials and methods. This review analyses
global trends in the association and natural history of
CHD in the context of CTD in the paediatric population.
A systematic search of the international scientometric
databases PubMed, ScienceDirect, and Google Scholar
was performed using predefined keywords. Peer-reviewed
studies published between 2017 and 2024 were included.

Results and discussion. Contemporary research
confirms the predominantly genetic actiology of CHD and
delineates the pivotal roles of specific genes and signalling
pathways in cardiogenesis. Valve morphogenesis occurs
during the embryonic period, between gestational weeks
2 and 8. As described by Papoutsi et al. (2018), valve
development requires precise spatiotemporal activation:
myocardial expression of bone morphogenetic protein 2
(BMP?2) initiates the process, followed by induction of
the transcription factor 7BX2. Outside the valve-forming
region, alternative cardiogenic programmes prevail: 7TBX20
activates HEYI and HEY2, which subsequently suppress
TBX2 and restrict BMP2 activity. In the endocardium,
NOTCH]1 further attenuates BMP?2 signalling via HEY1/
HEY2-mediated repression. Concurrently, HEYL marks
endothelial cells of the atrioventricular canal that possess
morphogenetic competence for valvulogenesis [25-27].

Analysis of the literature regarding the potential
role of nuclear factor of activated T cells (NVFATC) gene
polymorphisms in valvular heart disease reveals that
NFATC1-4 expression in cardiovascular pathologies —
both in CHD and systemic hypertension — is adaptive and
stress-responsive, induced by elevated haemodynamic
load. Given the central involvement of NFATC proteins in
cardiac development and their contribution to pathological
myocardial and vascular hypertrophy, these factors
represent promising biomarkers for early risk stratification
in patients with valvular forms of congenital heart disease
and concomitant hypertension [22,28,29].

In recent years, numerous studies have established that
endocardial endothelial development is governed by the
integrated interplay between transforming growth factor-f8
(TGF-B) and the Notch signalling pathway [26-29].
Additionally, nuclear factor of activated T cells 1 (NFATCI)
is upregulated by vascular endothelial growth factor
(VEGF), where it regulates endothelial-to-mesenchymal
transition, sustains endocardial cell proliferation, and
promotes elongation of valve leaflets. Collectively, these
findings indicate that the genetic regulation of cardiac valve
morphogenesis constitutes an evolutionarily conserved,
yet highly coordinated and intricately integrated process.
Desynchronisation or functional disruption within this
signalling cascade during embryogenesis results in valvular
malformations in individuals with congenital heart disease
(CHD) [30-32].

Concurrently, investigations into the pathogenetic role
of connective tissue in CHD have primarily identified
molecular defects in FBNI (fibrillin-1), collagen genes,
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and TGF-P receptors, leading to dysregulated matrix
organisation, diminished vascular wall integrity, and
aberrant cardiac remodelling during embryogenesis.
Impaired TGF- signalling underlies pathological vascular
and valvular remodelling; structural weakness of valve
complexes manifests clinically as prolapse, regurgitation,
or contributes to septal defect formation [33,34]. Matrix
instability secondary to fibrillin or collagen deficiencies
predisposes to aortic root dilatation, valvular prolapse, and
heightened susceptibility to rupture or dissection.

The principal hereditary connective tissue dysplasia
(CTD) syndromes with cardiovascular involvement include
Marfan syndrome (MFS), Loeys—Dietz syndrome (LDS),
Ehlers—Danlos syndrome (EDS), and related disorders [35].

Marfan syndrome, caused by pathogenic variants in
FBNI, exhibits mutations distributed across the gene;
however, genotype—phenotype correlations remain limited
[36-43]. FBNI mutations result in deficient or dysfunctional
fibrillin-1, disrupting connective tissue architecture and
homeostasis. The cardinal cardiovascular features include
aortic root dilatation, aneurysm formation, dissection, and
mitral valve prolapse. Isolated congenital septal defects (e.g.,
atrial or ventricular septal defects) are less common but,
when present, are frequently associated with concomitant
valvular and aortic wall abnormalities — conditions that may
culminate in critical events during childhood.

Loeys—Dietz syndrome is an autosomal dominant
connective tissue disorder with multisystem involvement,
first described in 2005 [44-47]. It is caused by pathogenic
variants in TGFBRI, TGFBR2, SMAD3, TGFB2, or TGFB3,
leading to dysregulated 7GF-f signalling. Clinical hallmarks
include aggressive, early-onset, and multifocal aortic
and arterial aneurysms/dilatations, arterial tortuosity,
valvular anomalies, and a markedly elevated risk of vascular
rupture — even at modest degrees of dilatation. The most
frequently reported craniofacial features include high-
arched palate, bifid uvula, and hypertelorism. A reported
4% incidence of aortic dissection has been documented in
the perinatal period. This pronounced genetic heterogeneity
underlies extensive phenotypic variability — particularly in
age of onset, penetrance, severity of life-threatening vascular
complications, and extent of multiorgan involvement —
highlighting the necessity of establishing robust genotype—
phenotype correlations to enable personalised management
and genetic counselling.

Vascular Ehlers—Danlos syndrome (VEDS) constitutes
a genetically heterogeneous disorder within the spectrum
of hereditary connective tissue diseases, characterised by
generalised joint hypermobility, skin hyperextensibility,
and tissue fragility [48-50]. In vEDS, pathogenic variants
in COL3A1 (less commonly COL5A1 or COL5A2) result
in defective type I1I collagen, compromising the structural
integrity of hollow organs and vasculature. Clinical
hallmarks include spontaneous arterial rupture, vascular
wall insufficiency, and, less frequently, classical congenital
septal defects. Although the direct association with isolated
septal defects is weak, cardiovascular manifestations —
such as aneurysm formation and valvular dysfunction —
can be life-threatening. Joint hypermobility (JH) in EDS
arises from genetic alterations in structural proteins that

confer tensile strength and elasticity to joints, ligaments,
and tendons, predominantly fibrillar collagens. Membrane
proteins — integral components of the cell membrane —
mediate critical functions including signal transduction,
molecular transport, and cell-cell adhesion. While recent
research has emphasised abnormalities in collagen and
extracellular matrix composition, a more comprehensive
elucidation of membrane protein dysfunction is essential
for a complete understanding of the complex pathogenesis
of these disorders [48-50].

Additional hereditary conditions with cardiovascular
involvement include familial thoracic aortic aneurysm
and dissection (TAAD). Pathogenic variants in ACTA2
and MYH1I are associated with aortic wall pathology
and, in some cases, concomitant valvular anomalies —
most notably bicuspid aortic valve [51]. In the absence
of a positive family history or diagnostic clinical criteria,
the proportion of sporadic thoracic and abdominal aortic
aneurysms and dissections attributable to monogenic
predisposition remains undefined. The aforementioned
syndromes account for the majority of aortopathies in
paediatric and young adult populations. The discovery of
novel causative genes and their phenotypic correlations
will not only advance our understanding of aortic aneurysm
pathophysiology but also inform the development of refined
clinical surveillance protocols and surgical strategies.

Congenital contractural arachnodactyly (Beals
syndrome) is an autosomal dominant disorder caused by
pathogenic variants in the FBN2 gene (5¢23), encoding
fibrillin-2. Cardiovascular involvement typically includes
mitral valve prolapse; severe congenital heart defects
are uncommon [52]. Clinical features encompass
multiple congenital flexion contractures, arachnodactyly,
progressive kyphoscoliosis, crumpled ear helices, and
muscular hypoplasia. Significant phenotypic overlap with
Marfan syndrome is observed. Spontaneous improvement
of joint contractures often occurs with age, whereas spinal
deformities typically progress. The severe neonatal form
is usually attributable to de novo mutations. Prenatal
molecular diagnosis is feasible.

Additional syndromes exhibiting partial mechanistic
overlap include Turner syndrome (notably associated
with aortic coarctation), Noonan syndrome (frequently
associated with septal defects), and Desbuquois dysplasia
[53-55]. Classical diagnosis relies on recognition of
characteristic phenotypic features, such as distinctive
facies, webbed neck, and peripheral lymphoedema. More
recently, the clinical spectrum of Turner syndrome has been
expanded to encompass, individually or in combination:
short stature, primary ovarian insufficiency, early-onset
sensorineural hearing loss, congenital cardiovascular,
skeletal, and renal anomalies, specific neurocognitive
profiles, and an increased prevalence of autoimmune
conditions — including autoimmune thyroiditis and coeliac
disease. Both congenital and acquired cardiovascular
disease are highly prevalent in Turner syndrome and
constitute the leading cause of premature mortality in
adulthood. Congenital heart defects occur in approximately
50% of affected individuals and may include bicuspid
aortic valve, aortic coarctation, hypoplastic left heart
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syndrome, and aortic arteriopathy. Lifelong surveillance
is warranted, as nearly 25% of individuals develop aortic
dilatation or aneurysm over time [53].

Zhdan and Katerenchuk (2018) provided a comprehensive
review of cardiac anomalies in Noonan syndrome, which
arise from germline pathogenic variants in genes encoding
components of the RAS/MAPK signalling pathway,
resulting in dysregulated intracellular signal transduction.
The phenotype is characterised by multisystem congenital
anomalies and an elevated predisposition to malignancy
[54]. Cardiovascular disease is the principal determinant
of life expectancy. Pulmonary valve stenosis is the most
prevalent lesion, affecting more than 50% of patients;
hypertrophic cardiomyopathy occurs in approximately
one-third, and mitral valve disease in a smaller proportion.
Additional features may include characteristic facial
morphology, intellectual disability, learning difficulties, short
stature, renal structural anomalies, lymphatic dysplasia, and
haemostatic abnormalities [54].

Desbuquois dysplasia (DD) is a rare a rare autosomal
recessive disorder defined by severe prenatal and postnatal
growth deficiency, distinctive skeletal dysplasia (including
advanced carpal ossification, joint laxity, and spinal
deformities), and multisystem involvement. Cardiac
manifestations — including aortic root dilatation and
mitral valve prolapse — have been documented, likely
attributable to defective proteoglycan biosynthesis. Aortic
root and ascending aortic dilatation, along with mitral
valve prolapse, are relatively common; septal defects
and bicuspid aortic valve are less frequently observed.
Aortopathy tends to manifest early and may progress
to critical stages. Early identification of cardiovascular
involvement and prompt initiation of pharmacological
therapy significantly improve long-term prognosis [56].

Aortopathy encompasses a broad spectrum of
pathological conditions predisposing to aortic dilatation,
aneurysm formation, dissection, or rupture, as well
as analogous processes in other arterial territories. In
paediatric populations, aortopathy is typically diagnosed
from birth through adolescence, predominantly involving
the thoracic aorta, with variable peripheral vascular
involvement. Pathogenetic mechanisms include heritable
connective tissue disorders, smooth muscle dysfunction,

and congenital heart disease — particularly bicuspid aortic
valve. Although the American Heart Association has issued
guidelines for the management of thoracic aortic disease
in adults, these are not directly applicable to children.
Paediatric management strategies remain heterogeneous,
likely reflecting the pathogenetic diversity of aortopathy
(encompassing both genetic and acquired aetiologies)
and the current paucity of high-quality evidence to guide
therapeutic decision-making in this age group [57].

Connective tissue dysplasia (CTD) represents
a significant risk factor for cardiovascular disease, with
a phenotypic spectrum extending from isolated vascular
pathologies (e.g., aneurysms, dissections) to valvular
anomalies, and, to a lesser extent, congenital septal defects.
All patients with suspected Marfan syndrome, Loeys—Dietz
syndrome, or vascular Ehlers—Danlos syndrome warrant
comprehensive cardiovascular assessment, confirmatory
genetic testing, and individualised long-term surveillance.

The pathophysiological complexity of CTD necessitates
continued investigation across multiple domains — from
elucidation of molecular mechanisms and refinement of
diagnostic criteria to development of targeted therapeutic
strategies and evaluation of comorbidity interactions.
Ongoing research holds substantial promise for advancing
both understanding and management of congenital heart
disease (CHD) in the context of CTD.

The association between CTD and adverse outcomes
in CHD is well established, manifesting as increased
frequency of specific complications and a more severe
postoperative course. A detailed analysis reveals that
CTD exerts profound effects on cardiac anatomy and
physiology in CHD. Primarily, structural weakness of the
cardiac fibrous skeleton — encompassing valves, septa, and
vessel walls — predisposes to valvular prolapse, accelerated
progression of regurgitation following surgical correction,
and heightened risk of recurrent defects after valvuloplasty.
Diminished arterial elasticity contributes to aortic and
arterial dilatation, aneurysm formation, and dissection,
even under normotensive conditions. A systematic review
of the literature enabled the compilation of the most
frequently reported clinical complications in the course
and management of CHD among children with CTD
(Table 1) [23, 32, 51, 58, 59].

Table 1

Most common clinical complications of congenital heart disease in children with connective tissue dysplasia

Complication

Mechanism in CTD

Examples

Progressive aortic dilatation
aortic media

Fibrillin and collagen deficiency —
impaired structural integrity of the

Ventricular septal defect (VSD), aortic
coarctation in Marfan or Loeys—Dietz
syndrome

Valvular regurgitation
insufficiency

Weakening of valvular leaflets and
chordae tendineae — prolapse and

Atrial septal defect (ASD) or VSD with mitral
or tricuspid regurgitation

Aneurysm or pseudoaneurysm

formation postoperatively poor suture retention

Inadequate tissue tensile strength —

Following aortic repair or right ventricular
outflow tract (RVOT) reconstruction

Vascular rupture or dissection ” .
fragile arterial wall

Fragmentation of elastic fibres— thin,

In patients with CTD + aortic coarctation

Impaired endocardial healing delayed wound repair

Dysregulated collagen synthesis —

Risk of endocarditis after surgical
interventions

Restenosis / dilatation after
balloon angioplasty

Reduced strength and increased
elasticity of the vessel wall

Coarctation following balloon dilatation
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In addition to the aforementioned anatomical and
functional consequences, connective tissue dysplasias (CTDs)
significantly influence the postoperative trajectory in CHD.
Children with CTD more frequently require reoperation
due to progressive dilatation of reconstructed segments or
recurrent valvular insufficiency. Tissue and vascular fragility
elevate the risk of perioperative haemorrhage, while collagen
abnormalities impair wound healing and reduce suture
retention following cardiac surgery. Long-term follow-up
reveals an increased incidence of aortopathy following CHD
correction — particularly in cases such as ventricular septal
defect (VSD) closure in the setting of pre-existing aortic root
dilatation associated with CTD [23,32,51,58,59].

In summary, the principal mechanisms underlying the
elevated risk of complications in CHD with CTD are as
follows:

— Pathogenic variants in connective tissue genes
(FBNI, COL3A41, TGFBR2, etc.) result in diminished
structural integrity of cardiac and vascular tissues;

- Dysregulated transforming growth factor-p (7GF-p)
signalling drives chronic pathological remodelling of
valves and vessels, persisting even after surgical correction;

- The systemic nature of CTD entails multisystem
involvement, extending beyond the heart to the entire
vascular system;

- Microstructural abnormalities confer vulnerability
even in anatomical regions not directly affected by the
primary cardiac defect.

Therefore, optimal management of CHD in children
with suspected or confirmed CTD necessitates a structured,
multidisciplinary diagnostic and therapeutic algorithm,
initiated at the time of initial evaluation and incorporating
both general and specialised assessment modalities. This
approach mandates coordinated input from paediatric
cardiology, clinical genetics, cardiac surgery, vascular
surgery, orthopaedics, and ophthalmology.

The diagnostic pathway comprises three sequential stages:

Stage 1: Comprehensive clinical assessment, including
systematic evaluation for dysmorphic features suggestive
of CTD - such as generalised joint hypermobility, skin
hyperextensibility, arachnodactyly, characteristic facies,
and other minor anomalies. Given the autosomal dominant
inheritance of many CTD syndromes, a detailed family
history is essential for cascade screening.

Stage 2: Advanced instrumental evaluation, including:
echocardiography and/or cardiac magnetic resonance
imaging (MRI) to assess aortic root dimensions, valvular
morphology and function, and the presence of septal
defects; computed tomographic angiography (CTA) or
conventional angiography for detailed vascular mapping,
particularly when Loeys—Dietz or vascular Ehlers—Danlos
syndromes are suspected; additional targeted investigations
as indicated by specialist consultation.

Stage 3: Molecular genetic testing, guided by phenotypic
and imaging findings. Targeted gene panel analysis is
recommended, including FBNI, TGFBRI, TGFBR?2,
SMAD3, COL3A41, ACTA2, and MYH11, among others.

The findings of a comprehensive evaluation enable
an integrated, lifelong management strategy — spanning
conservative therapy, preoperative optimisation,
intraoperative planning, and long-term postoperative

surveillance — aimed at preventing complications across
all stages of care, including adulthood, thereby reducing
the risk of disability and premature mortality. For instance,
pharmacological intervention with beta-blockers and renin—
angiotensin system inhibitors has been shown to attenuate
the rate of aortic root dilatation in Marfan syndrome [5, 49].
These data are critical for surgical decision-making,
including the timing of prophylactic interventions — such
as aortic root replacement at smaller diameter thresholds
than in non-CTD patients — as well as valve repair/
replacement and aneurysm correction [47]. Longitudinal
follow-up in individuals with CTD mandates periodic
assessment of aortic dimensions, valvular function, and
vascular stability, with heightened vigilance in Loeys—
Dietz and vascular Ehlers—Danlos syndromes. Certain rare
CTD phenotypes may exhibit attenuated or incomplete
cardiovascular involvement, necessitating individualised
risk stratification and management [46]. Psychosocial
support is an indispensable component of care, facilitating
adherence to surveillance and empowering patients to
recognise and report early warning signs of life-threatening
complications — such as acute chest pain or dyspnoea
suggestive of aortic dissection or rupture [35, 36, 43, 48, 55].
The pathophysiological complexity of CTD underscores
the need for sustained research across multiple domains —
including molecular pathogenesis, diagnostic refinement,
development of targeted therapeutics, and elucidation of
comorbidity interactions. Such efforts hold considerable
potential to enhance both prognostic accuracy and
therapeutic efficacy in CHD associated with CTD.

Conclusions

1. CTD constitutes a significant risk factor for
cardiovascular disease, including CHD, adversely
influencing natural history, surgical complexity, and
postoperative outcomes.

2. Clinicians must remain vigilant for phenotypic
markers of CTD during the evaluation of children with
CHD, as early recognition is pivotal for complication
prevention. Molecular mediators of cardiac and vascular
morphogenesis — particularly components of the TGF-3
and RAS/MAPK signalling pathways — represent promising
candidates for biomarker development and risk prediction.

3. Optimal management of CHD in children with CTD
unequivocally requires a multidisciplinary framework:
a standardised diagnostic algorithm for syndromic
identification and comorbidity profiling, coupled with
coordinated therapeutic planning across all phases of
care, involving cardiology, genetics, cardiac and vascular
surgery, orthopaedics, and allied specialties.

Evidence-based recommendations for CHD—CTD
comorbidity include: serial echocardiographic and/or
cardiac MRI surveillance of the aortic root and ascending
aorta — at least biannually, even after complete CHD
correction; consideration of prophylactic aortic root
replacement at lower diameter thresholds compared with
isolated CHD; Provision of genetic counselling to inform
familial risk assessment and enable cascade screening.
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BPOJI’KEHI BAJIH CEPIIS TA iX 3B’SI30K I3 TUCILIA3ICIO CIOJYYHOI TKAHUHM Y JITEM (OIVISIT)

M. I Menvhuuenxo, I1. b. Anmonenko, B. I1. By3oecvkuii

Onecbkuii HALIOHAJbHUNH MeIMYHUH YHiBepCUTET
(M. Opneca, Ykpaina)

Pe3rome.

Bpomxkeni Baau cepus (BBC) y xiTeil 3anuiuaroThCst OJHIEI0 3 IPOBIIHUX NPUYUH JUTIUOI 3aXBOPIOBAHOCTI Ta CMEPTHOCTI, 1110
noTpedye paHHbOI AiarHOCTHKHU Ta Xipypriunoi kopekiii. Yactora BBC cranoButh 6-10 Bunazkie Ha 1000 HOBOHApOMKEHUX. SHAYHUN
BIutuB Ha nepebir BBC maroTh cymyTHi natosorii, 30kpema auciuiasis cronyunoi Tkanuuu (JJCT), sika 3yMoBIio€e ¢1abKicTh CTPYKTYp
ceplst i CyuH, HiIBHILY€E PU3HK HicisonepanifHuX YCKIaIHEeHb i MOTIpIIy€e JOBIOCTPOKOBHIA IIPOTHO3.

Merta. Y3araapbHUTH CydYacHi JIITEpaTypHi JaHi 11010 0co0nMBOCTeH nepediry Ta yckinaaaens BBC y miteit 3 JICT, BusHauutu
KJIIOUOBI MEXaHI3MH PU3UKY Ta NEPCIICKTUBHI ITiIXOJH 10 AiarHOCTHKHU U JIIKYBaHHS.

Marepiaau Ta MeToH. Y CTaTTi pO3MNISHYTO Ta MPOAHaIi30BaHO CBITOBI TEHICHIIIT 11010 0coOIMBOCTEH 3B’ 513Ky Ta nepediry BBC
i3 JICT y niteii. [IpoBonuBes aHaui3 HAyKOBUX MyOMiKaLiid po3MILIEHHX y MDKHAPOIHUX €IEKTPOHHUX HAYKOMETPUYHUX 0a3ax JaHHX
PubMed, ScienceDirect Ta Google Scholar 3a mociimxennasmu 2017-2024 pokis.

PesyabTaTn. AHaji3 cy4acHUX JOCIIPKCHb CBIIYNTD, L0 MOJIEKYISIpHI AedekTn OinkiB cnony4ynoi TkaHuHH (piOpuIIiH, KonareH,
peuenropu TGF-B) npu3BoasTh 10 NOPYIICHHS PEMOICITIOBAHHS CEPIS W CYyAMH Ta MiJBUINYIOTh BPa3IUBICTh KJIaMaHIB i apTepii.
Huns miteit 3 ICT xapakTepHi MpoJialicd Ta perypritaiii KianaHis, aOpTajibHi AuaTanii, aHeBPH3MHU, AUCEKIT CYIMH 1 MiABHUIICHUN
pU3HK KpoBOTeY Ta iH(EeKLiil micis onepaniil. ¥ TakuX MalieHTiB 4acTille BUHUKAE MOTPeda y MOBTOPHUX BTPYYAaHHSX, 8 3aTO€HHS
paH BinOyBaeThcs nmoBimbHiNIe. Halibinbin BimoMi cuaapomu — Mapdana, Jloiica-Jlitia, Enepca—/lannoca — MaroTh YiTKHiA 3B’ SI30K
i3 CepIeBO-CYIMHHUMHU ypakeHHAMHU. EQEeKTHBHE BECHHS 1UX MAIi€EHTIB MOTPeOy€e MYIbTHAMCIUILUTIHAPHOTO MiAX01y: PAHHBOTO
BUSIBJICHHSI (PEHOTUIIOBHX O3HAK, iHCTpyMeHTanbHol niarHoctuku (EXO, MPT, anriorpadii) Ta reneTn4HOro TecTyBaHHs. PerynsapHuii
MOHITOPHHT a0pTH i KJlanaHiB, CBOEUaCHE ITAHYBaHHsI OIepalliif Ta aJcKkBaTHa MEIMKAaMEHTO3HA MPO(IIaKTHKA TO3BOJISIOTh 3HH3UTH
PH3HKH TSDKKUX YCKIIaJHEHb.

BucnoBkn. [ICT € BaxsnBuM (haKTOpOM pHU3HKY, 10 ycKiaaHioe epedir BBC, 30inb1ye iMOBIpHICTb MicIsionepariifHiX yCKIa-
HeHb i moTpedye iHauBiNyaTi30BaHOi TakTHKK JiKyBaHHA. ®enorunosi nposeu JCT MaioTh BpaxoBYBaTUCS il 4ac JiarHOCTHKH
Ta IUIAaHyBaHHs XipypriuHuX BTpydyans y aited i3 BBC. MynpruancuuIuiiHapHuii niaxix ta BAKOPUCTAHHS Cy4acHHX IHCTPYMEHTIB
JIarHOCTHKHY i TeHETUYHOTO KOHCYJIBTYBAaHHSI € KITIOUOBUMH JUIsl 3HW)KSHHSI PU3HUKIB 1 MOKpaleHHs BifaaneHoro nporyo3y. [lonanbui
JOCIIpKeHHS Y cepi MoeKyapHoi reHeTuku Ta narorenesy JICT 3aaTHi 3a0€3MeUrTH HOBI MOXKIIMBOCTI 71l PAHHBOT'O MPOTHO3YBaHHS
il nepconanizoBaHoro JikyBanHs aitei 3 BBC.

K1r040Bi cj10Ba: pomkeni Baau ceplist; AMCIUIA3is COMYYHOT TKAHUHK; 1iTH; 3B’ SI30K.
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