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ABSTRACT

Congenital heart defects are the most prevalent developmental anomalies in children and remain a leading cause of infant
mortality. According to various sources, the prevalence of congenital heart defects in children varies widely, ranging from 4 to 50
cases per 1000 live births. Given the relative rarity of severe congenital heart defects and the historical lack of interdisciplinary
collaboration in this area, research on perinatal cardiac care has often been limited to small case series or single-center
studies. The aim of this review is to analyze recent literature on advancements in the perinatal and postnatal management of
fetuses and newborns with congenital heart defects, including novel approaches to prenatal diagnosis, antenatal, intrapartum,
and neonatal care, as well as to provide recommendations for enhancing accessibility of specialized care and outlining future
research directions. A systematic search for publications was conducted using the following keywords and their combinations in
both Russian and English: spoxcdérrbie nopoku cepdua / congenital heart defects, BIIC/CHD, pemansras kapduonoaus / fetal
cardiology, sHympuympobHas su3yanusayus/ intrauterine imaging, pemansras xupypeus /fetal surgery. Rapid advancements
in fetal cardiac diagnostics, perinatal maternal—fetal monitoring, and in utero surgical interventions have significantly impacted
pregnancy outcomes and neonatal prognosis in mother-newborn dyads affected by congenital heart defects. Early fetal
echocardiography and routine obstetric screening have enhanced the early detection of pregnancies complicated by congenital
heart defects. Novel approaches to prenatal counseling are being explored, and standardized algorithms are being developed
to optimize fetal cardiac care, ensuring multidisciplinary perinatal support for families and labor management.
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AHHOTALMSA

B HacTosiLee BpeMs BPOXK/AEHHbIE NOPOKM CEpALA 3aHUMAKT IUAMPYIOLLME NO3ULMM NO PACMpOCTPAHEHHOCTU B CPaBHEHUM
C ApYriMM NOpoKamu pasBUTUA Y LeTel M OCTaloTCA BeAyLLe NPUUMHOKA UX cMepTu. Mo pasHbIM AaHHBIM, NOKasaTenu pac-
NPOCTPAHEHHOCTM BPOXKAEHHBIX NOPOKOB CepALa Y AeTeil 3HaUMTeNbHO BapbUpYHT U cocTaBnAloT oT 4 fo 50 cnyyaes Ha 1000
KMBOPOXKAEHHBIX. C y4€TOM OTHOCUTENBHON PeAKOCTU GOPMUPOBAHMS CEPbE3HBIX BPOXKAEHHBIX MOPOKOB CepAua U OTCyT-
CTBMA MEXAMCLMNNIMHAPHOIO COTPYAHWYECTBA N0 3TOMY BOMPOCY B NPOLLSIOM MCC/e0BaHNA B 061acTv nepuHaTanbHon Kap-
AVMOMIOrMYECKO MOMOLLY YacTO OrpaHUUMBAIOTCS CepuAMU HeBOMbLLMX Cy4YaeB UM UCCNIEA0BaHUSMU B OAHOM YUPEXAEHUN.
Llenb 0630pa — npoaHan13upoBaTb COBPEMEHHbIE IUTEPATYPHbIE [aHHbIE, MOCBALUEHHbIE NOCNEAHUM AOCTUXKEHUAM B 06-
NacT1 nepuHaTanbHOro BeJeHUs MN0Aa U HOBOPOXAEHHBIX C BPOXAEHHBIMUA NOPOKaMU CEpALIA, BKKOYAA HOBbIE MOAXOAbI
K BHYTPUYTPOBOHOI AMarHoCTUKe, BeeHWI0 LOPOJ0BOr0 Nepuosa 1 Nepuoaa B POAMIILHOM 3anie, a TakKe NpefcTaBuTh pe-
KOMeH[,aLMM MO YNyYLLeHMI0 AOCTYNHOCTA MeMLIMHCKOW NOMOLLY C onpeAeNeHneM HanpasnieHns byayLwmx uccnefoBaHuii.
Anroput™ noucka nybavKauui BKNKYAN UCMONb30BaHWE CReAyHLWMX KIKYeBbIX CIOB U UX COYETAHWA Ha PYCCKOM W aH-
TMMACKOM fi3blKaX: «BPOXAEHHbIE NMOPOKM cepAuax», «BlC», «eTanbHas Kapanonorus», «BHYTPUYTPOBHaA BU3yanu3aums»,
«eTanbHas xupyprus», «congenital heart defects», «CHD», «fetal cardiology», «intrauterine imaging», «fetal surgery».
CrpeMuTeNbHBIA Nporpecc B KapAvoNorMiyecKon AvarHocTUke MnoAa, NepuHatanbHoM HabniofAeHnM 3a MaTepbio U N1oJoM
W BHYTPUYTPOOHBIX XMPYPriuyeckux BMeLLATeNbCTBAX B 3HAYUTENIbHOWM CTeneHW MOBAWSAN Ha TeueHne bepeMeHHOCTW M no-
ClepoAoBble MCXOAbI Y Map «MaTb—HOBOPOXKAEHHBIN C BPOXAEHHBIM MOPOKOM cepAua». PaHHAA axokapavorpadus nnoaa
W MPOTOKONbHBINA aKYLIEPCKUIA CKPUHWHI UCMONb3YlTCA Ans Bonee paHHero BbisiBNEHUS HepeMeHHOCTeN, 0CNOMHEHHbIX
BPOXAEHHLIMU NOPOKaMM cepALa, onpobyloTcs HOBble NOAX0AbI K NpeHaTasbHOMY KOHCYNbTUPOBaHUIO, @ ANA CTaHAApTU3a-
LN KapaMOoNorMyeckon NoOMOLLM NNOAY MCNOMb3YKTCA anropUTMbl, OPUEHTUPOBAHHbIE HA NEpUHATaNbHY MHOronpogub-
HYI0 MOAEPXKKY CEMbM W BefieH!e POA0B.

KnioueBble cnoBa: BpoXAEHHbIE NOPOKM CepaLa; GeTanbHas KapAuomorus; BHYTpUYTpobHas BU3yanusauus; GetanbHas
XUPYPrusi; MyNbTUANCLIMMIMHAPHBINA NOAXOA,
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INTRODUCTION

Congenital heart defects (CHDs) are the most prevalent
developmental anomalies in children and remain a leading
cause of infant mortality. The prevalence of CHD in children
varies widely, ranging from 4 to 50 cases per 1,000 live
births [1]. Although most cases of CHD are not life-threat-
ening in utero, fetal death can occur in 20% of cases [2],
with an increased risk of adverse pregnancy outcomes in-
cluding preterm delivery and neurological complications [3,
4]. JPotential adverse sequelae have led to increased ef-
forts to detect and monitor CHD during pregnancy to en-
sure optimal postpartum outcomes. In recent years, rapid
advances in intrauterine imaging and fetal surgery allow
modifying the course of CHD [5-7]. Currently, fetal cardiac
surgery is a multidisciplinary field that contributes to ear-
lier detection of fetal cardiovascular disease that affects
neonatal outcomes. However, research on perinatal cardiac
care has often been limited to small case series or sin-
gle-center studies due to the relatively low rates of severe
CHD and the historical lack of interdisciplinary collaboration
in this area. Therefore, further advances in comprehensive
studies and management of fetal CHD will require contin-
ued interdisciplinary, multi-center collaboration to optimize
outcomes and access to care.

AIM. The aim of this review is to analyze recent publica-
tions on advances in the management of fetal and neonatal
patients with CHD, including novel approaches to prenatal
diagnosis and perinatal care, and to provide recommenda-
tions for improved access to specialized care and future
research.

METHODS

PubMed, eLibrary, and Google Scholar databases were
searched for publications. The following keywords and
their combinations were used in both Russian and English:
8POXC0EHHbIE nopoku cepdua / congenital heart defects,
BIIC/CHD, g¢emanvHas kapduonozus / fetal cardiology,
8HympuympobHas eusyanusayus / intrauterine imaging,
tpemanvhas xupypaus / fetal surgery. The authors inde-
pendently reviewed the titles and abstracts of the articles
and then extracted the full text of the relevant studies. The
review included relevant experimental and clinical studies
published in Russian and English.

PRISMA guidelines were used to select articles. The re-
view included all relevant articles published up to Septem-
ber 2024. The search yielded 3,157 articles from PubMed
and 1,416 articles from eLibrary. Duplicate and incomplete
articles were excluded.

The authors independently evaluated the titles and ab-
stracts of all identified articles. The full text of potentially el-
igible articles was read for final selection. Any disagreement
between authors was settled by consensus. Figure 1 shows
the search algorithm.
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RESULTS AND DISCUSSION

Prenatal Diagnosis of Fetal Heart Condition

Role of Prenatal Diagnosis of CHD in Pregnancy
Outcomes

Studies evaluating the effect of prenatal diagnosis of CHD
on mortality rates, especially for ductus-dependent CHD, are
inconsistent. A population-based study by Oster et al. [8]
found higher mortality rates in newborns with prenatal diag-
nosis of CHD. The authors hypothesized that prenatal diag-
nosis could identify difficult-to-treat, high-risk patients, but
patients with undiagnosed CHD at the time of death were
not included. A meta-analysis by Holland et al. [9] revealed
increased mortality rates in patients with a postnatal diag-
nosis of CHD, especially in the preoperative period. Other
studies have found no difference in mortality rates between
prenatal and postnatal diagnosis of CHD in the preoperative
or postoperative period [4, 10]. However, confounding factors
introduce significant selection bias, including a higher poten-
tial for severe disease in newborns with prenatal diagnosis
and for death before tertiary hospitalization in newborns with
postnatal diagnosis of CHD.

Although prenatal diagnosis has no significant effect on
fetal/neonatal mortality rates, several studies have shown
that patients with a postnatal diagnosis of CHD have more
severe preoperative clinical manifestations and are more
likely to have neurological complications [4, 11]. Studies con-
ducted by Mahle et al. [12] in patients with hypoplastic left
heart syndrome (HLHS) and Peyvandi et al. [11] in patients
with HLHS and transposition of the great arteries showed
lower rates of neurological complications in patients with
prenatal diagnosis of CHD, including a lower risk of intra-
operative coma and less severe preoperative brain damage

Identified studies
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Fig. 1. Study selection algorithm.
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on a magnetic resonance imaging scan. Although there is
no evidence that patients with postnatal diagnosis of CHD
have higher mortality rates, the simultaneous improvement
in perioperative emergency care and surgical management
may challenge the use of mortality as an independent out-
come measure. Further studies are needed to compare long-
term morbidity and mortality in patients with prenatal and
postnatal diagnosis of CHD.

Recent Advances in Fetal Cardiac Imaging

The development of earlier and more sensitive and accu-
rate prenatal screening for CHD is an important area of re-
search in fetal cardiology and obstetrics. Recent research has
focused on improving standardized prenatal screening and
using first-trimester cardiac screening. Fetal cardiac screen-
ing is indicated in all pregnancies, usually during an obstet-
ric examination at 18 to 22 weeks of gestation [13]. Current
guidelines, including multidisciplinary guidelines published
in 2018 by the American Institute of Ultrasound in Medicine
(AIUM), American College of Radiology (ACR), American
College of Obstetricians and Gynecologists (ACOG), Society
for Maternal-Fetal Medicine (SMFM) and Society of Radiolo-
gist in Ultrasound (SRU), as well as guidelines published in
2022 by the International Society of Ultrasound in Obstetrics
& Gynecology (ISUOG) recommend fetal cardiac screening,
including assessment of heart rhythm, heart size/position,
ventricles, and ventricular outflow tracts [14, 15]. Doppler
ultrasound is also recommended in the updated 2023 ISUOG
guidelines [16]. Patients with significant or suspected ma-
ternal/fetal risk factors for CHD on ultrasound should be re-
ferred to a fetal cardiologist for fetal echocardiography. This
diagnostic modality included additional evaluation of the in-
terventricular septum, superior and inferior vena cava, ducts,
and aortic arches [16, 17]. Primary fetal echocardiography in
patients at high risk for CHD is recommended between 18
and 22 weeks of gestation [16, 18, 19]. However, patients
with suspected CHD based on obstetric ultrasound should be
referred for earlier evaluation.

The majority of pregnancies resulting in fetal CHD occur
in low-risk patients, highlighting the need for careful screen-
ing [20]. Routine obstetrics screening provides a virtually uni-
versal opportunity to detect CHD. The use of standard cardiac
screening views has increased significantly. The four-cham-
ber cardiac view alone detects 30%-60% of congenital heart
defects [21], whereas additional evaluation of the ventric-
ular outflow tracts increases sensitivity to 60%-90% [22].
Increased physician awareness and additional cardiac
screening capabilities have improved the prenatal diagnosis
of CHD [18, 23], but the real-world clinical effectiveness of
standardized screening protocols remains suboptimal [24,
25]. Further improvement in CHD diagnosis is limited by cen-
ter-specific fetal CHD volume and experience, local patient
care patterns and disparities in access to care [23].

New approaches, including the use of artificial intelli-
gence (Al), are being actively explored to improve prenatal
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CHD detection and screening [26]. A recent study by Day et
al. [27] compared the performance of an Al-based model with
a current screening program for HLHS. The study showed
that the Al-based model performed worse. Universal fetal
echocardiography has been proposed as an alternative, but
low cost-effectiveness, resource allocation, and healthcare
accessibility are significant barriers [23]. Further research
on prenatal CHD diagnosis and new approaches to increase
the sensitivity of obstetric screening are needed to improve
fetal cardiac diagnosis.

Historically, device resolution and technology have lim-
ited fetal echocardiography in early pregnancy. However,
recent advances in ultrasound imaging, including color Dop-
pler, high-resolution high-frequency transducers, and 3D/4D
echocardiography [28], as well as improved training and
experience of sonographers, allow earlier and more com-
prehensive cardiac screening, timely access to expert fetal
cardiac diagnosis, and selection of appropriate pregnancy
and delivery management strategies. Several small studies
evaluating the feasibility of early fetal echocardiography in
high-risk patients have demonstrated a 60%—95% sensitivity
for CHD when performed in the late first and early second
trimesters [29, 30]. However, these studies were conducted
in large tertiary referral centers with sonographers trained
in fetal echocardiography. A retrospective study published
in 2024 evaluated the feasibility of first-trimester cardi-
ac screening during routine obstetric ultrasound in a large
population of fetuses at low risk for CHD in Denmark [31].
A complete cardiac evaluation was performed in 85% of the
total population, but only 25% were diagnosed with CHD in
the first trimester [31]. Other studies evaluating early ob-
stetric screening in low-risk groups show detection rates
of 50%-70% at 11-14 weeks of gestation using different
screening protocols [32, 33].

Current clinical imaging guidelines provide varying rec-
ommendations for first-trimester cardiac screening, taking
into account established technical limitations and expert
needs. The ISUOG recommends local, 4-chamber and 3-ves-
sel views in low-risk groups during the first trimester us-
ing a high-frequency transabdominal transducer to optimize
resolution [16, 34]. The AIUM recommends first-trimester
screening between 12 weeks 0 days and 13 weeks 6 days of
gestation for high-risk patients or those with suspected fetal
anomalies [35]. The American Society of Echocardiography
(ASE) recognizes the possibility of fetal echocardiography in
the early second trimester. However, the ASE recommends
repeat testing at 18—-22 weeks due to the difficulty of com-
prehensive testing in early pregnancy [36].

Therefore, first trimester screening and early fetal echo-
cardiography between 12 and 16 weeks of gestation are
most effective in detecting CHD in high-risk groups or when a
cardiac anomaly is suspected. However, its use in real-world
clinical settings is limited because the detection rate is still
lower than in the later stages of pregnancy and its perfor-
mance is currently dependent on the doctor experience [31].

31



32

HAYYHBIE OB30PHI

Perinatal Cardiology

Multidisciplinary fetal cardiac care is needed to address
the complex medical and psychosocial needs of families
with a prenatal diagnosis of CHD. Although there are limited
data on the effectiveness of multidisciplinary management,
active collaboration between specialists allows planning of
the place and timing of delivery and postpartum surgery [37].
Despite the established collaboration between fetal cardi-
ologists and obstetricians/gynecologists, the involvement of
other specialists in fetal cardiac care is not common. A large
survey of 41 quaternary intensive care units evaluated dif-
ferences in clinical practice for patients with CHD [38]. The
study found that the nature and type of collaboration varied
widely, but only 31% had regular prenatal consultations with
neonatologists [38]. In addition, other specialists were in-
volved in counseling: nurse coordinators in 86% of cases,
but social care workers in only 69% of cases, psychologists
in 34% of cases, and palliative care specialists in 7% of cases
[38]. However, the studies show that involvement of these
specialists can reduce anxiety and improve communication
and shared decision-making [38-40]. Comprehensive diag-
nosis and specialized perinatal care involve many special-
ists, including obstetricians/gynecologists, cardiologists, fetal
and cardiothoracic surgeons, radiologists, anesthesiologists,
palliative care specialists, medical geneticists, psychologists,
and social care workers [41, 42].

It is difficult to conduct robust studies to support the de-
velopment of comprehensive perinatal cardiac care guidelines
because of the relatively low rates of CHD, variable treatment
options, and barriers to interdisciplinary collaboration [43].
Recently, consortia have emerged to promote collaboration
in perinatal care and research (e.g., Fetal Heart Society) [43].
Multidisciplinary guidelines for the diagnosis and optimal
management of prenatally diagnosed CHD have been devel-
oped by the American Heart Association (AHA), AIUM, and the
International Fetal Medicine and Surgical Society / the North
American Fetal Therapy Network (IFMSS/NAFT) [19, 44]. The
Fetal Cardiology Task Force of the Association for Europe-
an Pediatric and Congenital Cardiology has developed fetal
cardiology guidelines for European countries, emphasizing
the need for collaboration between cardiologists and obste-
tricians/gynecologists to ensure accurate diagnosis, appro-
priate support, clear communication, timely management
and treatment, and continued research [45]. Several recent
studies have evaluated various multidisciplinary manage-
ment protocols for pregnant women with a fetus with CHD.
Wautletet et al. [46] used a multidisciplinary management
protocol for pregnant women with univentricular fetuses
to standardize prenatal visits, screening, management, and
specialist consultations. However, the generalizability of this
study is limited because it was conducted in a large center
with easy access to highly specialized care. Ronai et al. [37]
evaluated the effectiveness of a multidisciplinary model in-
cluding fetal cardiology, neonatology, and genetic counseling.
No newborns required unexpected interventions, confirming
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the ability of the model to accurately predict postnatal phys-
iology and influence perinatal management/outcomes [37].
A retrospective study conducted by the University of Cali-
fornia Fetal-Maternal Consortium found that a standardized
clinical evaluation and management plan resulted in higher
rates of vaginal delivery (61% vs. 50%) and term delivery
(48% vs. 34%) [47].

Multidisciplinary pregnancy management models are
feasible and can impact critical CHD outcomes. Maternal
and neonatal safety is essential, and special attention is
given to effective monitoring of a fetus with CHD through
the collaborative efforts of cardiologists, neonatologists,
obstetricians/gynecologists, and other specialists [48].
Multidisciplinary teams provide high-quality care, com-
prehensive and timely support, and ongoing psychosocial
support [38]. The development of healthcare algorithms and
consensus clinical guidelines helps to standardize team-
based prenatal care to reduce maternal risk, improve
neonatal outcomes, and reduce healthcare costs [47, 48].
Future research should focus on a clear consensus on ef-
fective interdisciplinary care and consider ways to improve
its accessibility.

Prenatal Counseling

Once CHD is diagnosed, the next important step for fetal
cardiologists and obstetricians/gynecologists is to provide
timely and accurate support. Counseling is an integral part
of pediatric cardiology and requires special knowledge of
echocardiography, cardiac physiology, prenatal and postna-
tal treatment options, and long-term management and out-
comes of CHD. The 2014 AHA Scientific Statement on the
Diagnosis and Treatment of Fetal Cardiac Disease highlights
the role of counseling and psychosocial support following the
diagnosis of fetal CHD [49]. In addition, Williams et al. [50]
found that prenatal diagnosis improved parental awareness
of neonatal CHD even with formal education, highlighting
the importance of such counseling to provide a basis for in-
formed parental involvement. Despite the essential role of
prenatal counseling, there are few relevant studies on the
most effective counseling techniques and several relevant
guidelines.

A few small studies evaluated prenatal counseling needs
from the parents’ perspective, including perceptions of im-
portant counseling topics and their impact on actual parental
awareness. Kovacevic et al. [51, 52] developed a question-
naire to assess parents’ counseling needs and found that
only 45% of patients considered counseling successful.
The results showed that medical information was difficult
to understand during communication, but comprehension
could be improved by providing patients with written hand-
outs, increasing the length of the consultation, and providing
a private room [51, 52]. In a small Swedish study by Bratt
et al. [53], parents were interviewed after prenatal diagnosis
of CHD to assess the content and structure of the consulta-
tions. Parents were found to appreciate the understanding of
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the CHD diagnosis, practical advice about the birth and future
daily living of their child, and the opportunity to communi-
cate with others in a similar situation. Timely and under-
standable face-to-face information, especially visual, was
critical [51-54]. Finally, Arya et al. [55] interviewed par-
ents of older children with CHD and compared their prenatal
education / counseling expectations with those of cardiol-
ogists. In general, parents consistently rated educational
issues as more important than cardiologic ones, with the
most significant differences in the quality of life, including
lifelong surgeries, need for transplantation, exercise lim-
itations, and potential impact on future family history of
CHD [55]. Studies are inconclusive about how much infor-
mation should be given to patients; too much information
may increase anxiety, whereas too little information may
affect the perception of the diagnosis [55]. However, both
parents and cardiologists considered it important to under-
stand heart disease nomenclature, postpartum intervention
options, short- and long-term survival, comorbidities, and
health care options [55]. Parents always appreciate being
informed, especially about future outcomes and quality of
life [53-55].

Two recent studies evaluated 3D printing to improve prac-
tical understanding compared with standard counseling [56,
57]. Although parents find 3D models useful and helpful in
communicating with healthcare professionals, the effective-
ness of these models in improving parental awareness of
CHD anatomy and surgical options remains controversial [56,
57]. These studies suggest the potential use of new methods
to improve prenatal counseling.

A multidisciplinary approach plays a critical role in clinical
decision-making. Current practice includes consultation with
specialists experienced in prenatal and postnatal diagnosis
and management of CHD. However, provision of honest and
accurate information about the diagnosis, prognosis, and
potential treatment options, as well as timely and ongoing
dialogue with parents should be a priority [54, 58]. Visu-
al aids such as diagrams and models can help assess the
level of knowledge that parents have about the disease. In
addition, a multidisciplinary team ensures a consistent ap-
proach and a wide range of support tools that contribute to
the achievement of management goals [54, 58]. Therefore,
further research and guidelines are needed to improve the
effectiveness of intrauterine counseling and training of fetal
cardiologists.

Several recent studies have shown that prenatal diagno-
sis of CHD increases maternal stress during pregnancy and
for several months after delivery [59, 60]. Maternal stress
can affect fetal health through growth and development, risk
of preterm delivery, and postnatal neurodevelopment [59,
61, 62]. However, parent surveys consistently show a pref-
erence for prenatal diagnosis over postnatal diagnosis [60,
63]. Maternal stress/anxiety/depression can be prevented by
maternal social support from the social environment [61] and
consultation with qualified psychologists [64].
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Labor Management

Optimal management of the mother and fetus with CHD
dyad is the goal of multidisciplinary perinatal cardiac care.
Key components of such management include planning the
place, timing, and mode of delivery, based on the impact on
both mother and fetus. This area of perinatal care requires
close interaction between different specialists, although data
on the effectiveness of multidisciplinary labor management
are limited [37].

The high rates of preterm delivery in pregnancies compli-
cated by CHD, due to intrauterine and maternal causes, per-
sist and affect infant morbidity and mortality [65]. Therefore,
induced labor or cesarean section for prenatal diagnosis of
CHD is often coordinated by tertiary referral centers and is
considered safe after 37 weeks of gestation [66]. However,
analysis of full-term newborns with CHD born between 37
and 40 weeks of gestation shows further reductions in hos-
pital length of stay, pulmonary complications, and mortality
with each additional week of gestation [49, 66—68]. These
data suggest that morbidity and mortality are reduced with
later gestation, so delivery should occur closer to 40 weeks
of gestation whenever possible. Therefore, most fetal car-
diologists recommend watchful waiting until 39 weeks of
gestation to plan delivery, minimize morbidity and mortali-
ty, and coordinate care. Despite this generalization, delivery
recommendations should be specific to CHD. For example,
in certain types of CHD, including Ebstein anomaly, tetralogy
of Fallot with absent pulmonary valve, or any diagnosis with
severe valvular regurgitation, delivery before 39 weeks of
gestation should be considered due to the increased risk of
intrauterine fetal death [69].

Some studies evaluated delivery methods in pregnan-
cies with CHD, including vaginal delivery, induction of labor,
planned cesarean section, and cesarean section after trial of
labor, and found no differences in overall Apgar scores, du-
ration of preoperative intubation, metabolic acidosis, length
of hospital stay, or mortality [68, 70—74]. In addition, a study
of patients with HLHS found no differences in the need for
intensive care based on mode of delivery [71]. A trial of la-
bor with careful maternal-fetal monitoring by an experienced
obstetric team and prompt access to neonatal intensive care
is warranted because a fetus with CHD is often stable in ute-
ro [71, 72].

The choice of a place of delivery should balance the abil-
ity to safely monitor the mother and fetus with easy access
to tertiary care. Studies of newborns with ductus-depen-
dent CHD show that delivery near a cardiac surgery center
(<10 min) is associated with lower preoperative mortality [49,
75]. However, another study compared delivery in a tertiary
referral center with delivery in other types of centers and
showed no difference in mortality rates for newborns with
duct-dependent CHD [76]. Therefore, studies provide incon-
sistent data on neonatal outcomes associated with the place
of delivery. The current standard of care is to recommend
a place of delivery near, but not necessarily in, a cardiac
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surgery center. However, delivery in a cardiac surgery center
is recommended for newborns requiring immediate postnatal
intervention, such as newborns with total anomalous pul-
monary venous drainage or HLHS with patent foramen ovale
or intact atrial septum. In some cases, this may require the
mother to relocate prior to the estimated date of delivery.
Maternal health studies show that pregnancies complicated
by fetal CHD are at increased risk for maternal morbidity,
including intensive care unit admission, need for blood trans-
fusion, unplanned surgery, and hospital transfer, even after
adjustment for known risk factors [77]. This study empha-
sizes the need for multidisciplinary discussion of safe place
of delivery based on the risks associated with differences in
maternal and neonatal care between centers. In some coun-
tries, multidisciplinary clinics have been established to man-
age these patients, driven by collaborative protocols between
fetal cardiologists and obstetricians/gynecologists and an
increasing interest in delivering infants as close as possible
to medical centers that can provide timely postpartum care.
Further studies to evaluate the performance of these clinics,
including maternal and neonatal outcomes, will help inform
future guidelines for CHD management.

The choice between early and delayed umbilical cord
clamping in newborns with CHD is a special focus of labor
management. A risk—benefit ratio of delayed cord clamping
has been well studied in healthy preterm infants. However,
there are limited data in infants with CHD, who have in-
creased fluid overload and blood viscosity due to increased
volume and concentration overload [78]. A small pilot ran-
domized controlled trial of 30 critically ill neonates with
CHD, published in 2015 by Backes et al. [79], demonstrated
that delayed umbilical cord clamping is safe and feasible.
No differences were found in specific safety parameters
such as Apgar score, bilirubin, preoperative mortality and
polycythemia, and postoperative morbidity [79]. Another
retrospective study by Fite et al. [78] reviewed the medical
records of 160 critically ill newborns with CHD and found no
differences in pre- or postpartum hemoglobin levels with
delayed versus early umbilical cord clamping. These stud-
ies suggest that delayed umbilical cord clamping should
be recommended whenever possible, based on its safety
profile and potential benefit in the early postpartum period.
However, further studies evaluating long-term outcomes
are needed to confirm whether this practice should be rec-
ommended.

Fetal Surgery Techniques

Some infants with CHD require prenatal cardiac surgery
with timely involvement of fetal cardiologists. Fetal cardiac
surgery is a rapidly evolving area of CHD treatment, both to
improve prenatal/postnatal survival and to stop disease pro-
gression [80]. In Russia, intrauterine treatment of CHD is per-
formed only at the Almazov Federal Center of Heart, Blood,
and Endocrinology, St. Petersburg (isolated surgeries), in
Irkutsk and Yekaterinburg. It is currently difficult to evaluate
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the effectiveness and availability of fetal cardiac surgery due
to the relatively low rates of treatable fetal CHD and the lim-
ited number of medical centers with sufficient capacity and
experience to achieve optimal outcomes [7, 81]. In this area,
medical care has become regionalized with the emergence
of specialized centers for fetal cardiac surgery [44]. These
medical centers provide the multidisciplinary care necessary
for successful fetal cardiac surgery, but their lack creates
problems with access to surgical care [7, 44]. In addition, this
limitation justifies the importance of interagency consortia
and registries to promote collaboration and transparency in
fetal cardiac surgery and scientific research [44].

Role of Socioeconomic Factors

Access to prenatal diagnosis, perinatal management and
cardiac care is critical due to a trend toward institutional-
ization. Socioeconomic factors are one of the elements that
influence the availability of healthcare, which can lead to
adverse maternal and infant outcomes [82-84]. High so-
cial deprivation is associated with later ultrasound screen-
ing, longer interval between screening ultrasound and fetal
echocardiography, and later diagnosis of CHD, according
to studies evaluating the association between socioecono-
mic factors and access to fetal cardiac care [82, 83]. These
findings were confirmed by Krishnan et al. [85], who found
that the lower socioeconomic quartile was associated with
lower rates of prenatal diagnosis of HLHS and transposi-
tion of the great vessels. Delayed fetal diagnosis or failure
to recognize a critical stage of CHD may affect safe delivery
planning and, consequently, postpartum outcomes. In addi-
tion, the potential need to relocate for delivery may create
additional challenges for the family in some types of CHD.
Early pregnancy screening for social determinants to ensure
timely multidisciplinary support and access to care is now
recognized as an important healthcare issue. In addition, a
recent American Heart Association/American College of Car-
diology (AHA/ACC) report recognizes the importance of these
factors and provides definitions of cardiac-related social de-
terminants of health (SDOH) and a thorough review of spe-
cific data elements useful in researching the impact of SDOH
at the intrapersonal, interpersonal, and societal levels [86].
This new document standardizes future research on SDOH
and the impact of SDOH on the prenatal CHD management.

CONCLUSION

Rapid advances in fetal cardiac diagnosis, perinatal ma-
ternal-fetal monitoring, and fetal surgery have significantly
improved the course of pregnancy and maternal-fetal/neona-
tal outcomes in CHD. Early fetal echocardiography and routine
obstetric screening have improved the early identification of
pregnancies complicated by CHD. Novel approaches to pre-
natal counseling are explored and standardized algorithms
are developed to optimize fetal cardiac care and ensure mul-
tidisciplinary perinatal family support and labor management.
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Fetal cardiac surgery is effective in only a small population of
patients with CHD, and access to care is still limited to few
tertiary referral centers. However, broader access to other
fetal cardiac surgery options offers opportunities to improve
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both prenatal and postnatal CHD outcomes. Future progress
will require multidisciplinary and multicenter collaboration
to advance research, optimize CHD outcomes, and ensure
access to high-quality fetal cardiac care.
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PackpbiTue MHTepecoB. ABTOPbI AEKIapMpPYIOT OTCYTCTBME SBHbBIX
W NoTeHUManbHbIX KOHQIMKTOB MHTEPECOB, CBA3aHHBIX C Mybnnka-
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