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Abstract

(1) Background: In routine clinical practice, CHDs are occasionally diagnosed in adulthood,
mostly relatively minor defects that become symptomatic later in life. Less frequently,
adults may present with complex CHDs that, due to anatomical variations, remain undi-
agnosed until adulthood. Another important group comprises patients with previously
unrecognized CHDs, particularly those from socioeconomically disadvantaged settings
with limited access to healthcare. (2) Body: In adulthood, CHDs often present with nonspe-
cific symptoms suggestive of other cardiovascular conditions (cardiomyopathy or coronary
artery disease), including dyspnea, chest discomfort, signs of HF, syncope, palpitations,
and paradoxical embolism. The initial manifestation may also be a malignant arrhythmia
or sudden cardiac death; therefore, early recognition and diagnosis are crucial. TTE rep-
resents the first-line diagnostic modality. Reduced LVEF in young patients, particularly
when accompanied by left atrial and right-sided cardiac chamber dilatation, should raise
suspicion of an underlying CHD. The diagnostic evaluation may be supplemented by TEE,
CMR imaging, and right heart catheterization. Familial forms of CHD and the risk of
transmission to offspring have been extensively investigated, particularly for conditions
with a strong genetic component, such as BAV. (3) Conclusions: In adult patients with
newly diagnosed CHD, accurate recognition of clinical symptoms and completion of an
appropriate diagnostic workup are essential for establishing the diagnosis and initiating
timely treatment. Furthermore, identification of families at increased genetic risk is im-
portant to facilitate targeted genetic panel screening. Future research should focus on
developing and validating appropriate screening strategies for the early detection of CHDs
in resource-limited regions.

Keywords: congenital heart diseases in adults; first detection of congenital heart disease

1. Introduction

In routine clinical practice, cardiologists frequently care for patients with congenital
heart diseases (CHDs) who are transitioning from long-term pediatric follow-up to adult
healthcare services, but also a subset of patients who are diagnosed with a CHD for the
first time in adulthood. As a consequence of the prolonged asymptomatic or minimally
symptomatic phase of the disease, particularly in cases involving smaller congenital defects,
CHDs may remain undetected until adulthood, and they are often diagnosed only after
the development of complications, such as heart failure, cardiac arrhythmias, right heart
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chamber dilatation, pulmonary hypertension or other related sequelae [1-3]. The most
common CHDs encountered in adulthood can be broadly classified into two categories:
acyanotic defects, including atrial septal defect (ASD), patent ductus arteriosus (PDA), and
coarctation of the aorta (CA), and cyanotic defects, most notably tetralogy of Fallot (ToF).
Other congenital cardiac conditions, although less frequently diagnosed in adulthood,
include Ebstein’s anomaly, univentricular heart, and congenitally corrected transposition
of the great arteries (ccTGA) [1].

For a better understanding of the pathophysiology and hemodynamic changes as-
sociated with unrepaired CHD in adulthood, it is important to recall the classification of
CHDs according to anatomical location and the predominant hemodynamic characteristics:
left-sided obstructive lesions including mitral valve (MV) stenosis, aortic valve stenosis,
subaortic stenosis, supravalvular aortic stenosis, bicuspid aortic valve (BAV), and coarcta-
tion of the aorta; right-sided obstructive lesions including double-outlet right ventricle (RV),
infundibular stenosis, pulmonary valve (PV) stenosis, supravalvular PV stenosis, and shunt
lesions; and atrial septal defect (ASD) and ventricular septal defect (VSD), atrioventricular
valve anomalies (MV anomalies and Mb Ebstein) and complex congenital heart diseases
(ToF, ccTGA) including Fontan circulation [4]. Given the advances in cardiovascular diag-
nostics and the surgical management of CHD, an increasing number of children with CHD
survive into adulthood. Consequently, the prevalence of CHDs, including both repaired
and unrepaired forms, among adults has now exceeded that observed in the pediatric
population [5]. Accordingly, data from the Finnish Population Registry suggest that the
remarkable improvement in survival among patients with CHDs is largely attributable to
advances in cardiac surgical techniques. These developments have led to substantial gains
in long-term survival, even among individuals with complex congenital heart diseases. For
instance, survival among patients with TGA reached 93% in 2009, compared with only
71% in the 1950s. Furthermore, ongoing progress in the diagnosis and management of
CHDs has enabled corrective interventions to be performed at increasingly younger ages,
contributing to a significant reduction in early mortality [6].

Delayed recognition of CHD during infancy and early childhood is known to ad-
versely affect clinical outcomes and increase the risk of subsequent complications. In a
prospective cohort study of 744 children under the age of 10 years, patients with a delayed
diagnosis of CHD exhibited a significantly higher incidence of serious complications, such
as cardiogenic shock, pulmonary hypertensive crises, and infective endocarditis [7]. The
optimal window for the detection of CHDs is within the first 4872 h after birth; diagnoses
made after this period are typically considered delayed. While the majority of CHDs are
identified during the neonatal period or early childhood, some patients with subtle clinical
manifestations may escape detection until adulthood. Diagnosis in these individuals is
frequently triggered by the progression of symptoms or the onset of late disease complica-
tions. For example, coarctation of the aorta (CA) represents one of the congenital cardiac
anomalies most frequently identified later in life [8]. Among the CHDs that may remain
undetected until adulthood, the most frequently encountered are ASD, VSD, CA, BAV, PDA,
Ebstein anomaly, and partial anomalous pulmonary venous connection (PAPVC) [3,9-12].
Moreover, although exceedingly rare, complex congenital cardiac diseases, such as TGA,
may be diagnosed in adulthood [13]. Considering the potential for congenital heart diseases
to remain undiagnosed until adulthood or even middle age, it is important to evaluate
patients who may be at risk for underlying CHD by assessing their clinical characteristics,
together with pathological electrocardiographic and echocardiographic findings and, ulti-
mately, relevant laboratory markers to facilitate timely referral to specialized CHD centers
for comprehensive diagnostic evaluation, including transthoracic and transesophageal
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echocardiography, cardiac magnetic resonance imaging (MRI), myocardial scintigraphy,
and other appropriate diagnostic modalities.

2. Materials and Methods

The review is based on a comprehensive literature search conducted in the PubMed,
Embase, Cochrane Library, Scopus, and Web of Science databases. Searches were conducted
using the following keywords: congenital heart diseases in adulthood, late detection of congenital
heart diseases in adulthood, congential heart diseases and atrial fibrillation, congenital heart diseases
and pulmonary hypertension, congenital heart diseases and right ventricular dilatation, genetics
of congenital heart diseases, natural history of congenital heart diseases, and artificial intelligence
in the diagnosis and detection of congenital heart disease. Inclusion criteria comprised studies
published in English. Exclusion criteria included letters and non-peer-reviewed articles.
The literature review encompasses studies published between Fall 2002 and June 2026,
focusing on clinically relevant findings and their implications for the diagnosis of adult
congenital heart diseases.

The structure of this review is as follows: Section 3: Clinical Presentation of Adults
with First Diagnosed CHD; Section 4: Electrocardiographic Findings and Common Cardiac
Arrhythmias in Adults with First Diagnosed Congenital Heart Disease; Section 5: Echocar-
diographic and other Imaging Findings in Adults with First Diagnosed Congenital Heart
Disease; Section 6: Genetic Test Results in Adults with First Diagnosed CHD; Section 7:
Discussion, Section 8: Conclusions.

3. Clinical Presentation of Adults with First Diagnosed CHD

Despite significant advances in pediatric cardiology and echocardiographic diagnos-
tics, together with increased awareness of risk factors for CHD, a subset of CHDs remains
undiagnosed until later in life, with diagnosis occasionally occurring in adulthood, some-
times including middle and older age [1,2]. The most common reason for delayed diagnosis
is the presence of a relatively small congenital cardiac defect that does not produce clin-
ically apparent manifestations over an extended period. Consequently, symptoms often
emerge only in adulthood. However, the majority of symptoms reported by patients di-
agnosed with CHD in adulthood are relatively nonspecific, including exertional dyspnea,
palpitations, anginal chest pain, and syncope. This nonspecific clinical presentation fre-
quently contributes to missed or delayed diagnosis [14]. Particularly in older adults, the
presentation of nonspecific symptoms such as exertional dyspnea or syncope are frequently
attributed to other more prevalent age-related conditions, such as coronary artery dis-
ease (CAD) or the development of secondary cardiomyopathy [15,16]. Consequently, the
possibility of an underlying CHD, is rarely considered.

One of the most common CHD first diagnosed in adulthood is an ASD. Its clinical
presentation in adulthood varies considerably, ranging from small, clinically insignificant
defects that may remain asymptomatic to rare and potentially serious manifestations, such
as transient ischemic attack, acute limb ischemia, and paradoxical peripheral arterial em-
bolism [17]. ASD and VSD are congenital shunt lesions that, when left undiagnosed until
adulthood, typically present with biventricular heart failure, a significant left-to-right shunt
leading to right ventricular dilatation and volume overload, and subsequent pulmonary
hypertension [3,18]. Auscultatory findings in patients with ASD undetected until adult-
hood typically include a fixed split of the second heart sound (52) or a systolic murmur
over the pulmonary valve, whereas in patients with first diagnosed VSD, a holosystolic
murmur is typically found [2]. Delayed diagnosis of an atrial septal defect or ventricular
septal defect associated with a significant left-to-right shunt increases the likelihood of
prolonged pulmonary hypertension and progressive elevation of pulmonary vascular resis-
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tance, ultimately leading to shunt reversal (right-to-left), cyanosis, and the development
of Eisenmenger syndrome [2,19]. In addition to the chronic changes that may develop in
patients with an uncorrected ASD or VSD, serious, although rare, acute complications may
also occur. In patients without conventional risk factors for coronary artery disease who
present with acute coronary syndrome, particularly when coronary lesions are suggestive
of paradoxical embolism, comprehensive diagnostic evaluation, including transesophageal
echocardiography, may identify a sinus venosus ASD with partial anomalous pulmonary
venous return (PAPVR) as the underlying cause of paradoxical embolism [20].

Heart failure frequently represents the initial presentation of previously undiagnosed
complex CHD in adulthood. The prevalence of heart failure is, in general, particularly high
in those with cyanotic CHD (41%), Fontan circulation (30%), and a systemic right ventricle
(25%) with known associated factors; age, atrial arrhythmias, infective endocarditis, pace-
maker implantation, end-organ failure, higher NYHA functional class, increased heart rate,
and pulmonary hypertension [20,21]. Accordingly, HF is common in adults with ToF, with
the hemodynamic mechanisms underlying its development differing substantially between
patients with unrepaired CHD and those who have undergone surgical correction [22]. In
unrepaired ToF, right ventricular outflow tract (RVOT) obstruction leads to increased RV
pressure, resulting in RV hypertrophy, impaired ventricular filling, and diastolic dysfunc-
tion, ultimately contributing to the progressive development of heart failure with preserved
ejection fraction (HFpEF). However, in patients with repaired ToF, significant pulmonary
regurgitation frequently develops later in life as a consequence of the surgical correction
of pulmonary stenosis. This results in progressive RV volume overload and impaired
RV systolic function, ultimately leading to the development of heart failure with reduced
ejection fraction (HFrEF) [23].

Although ToF typically presents with cyanosis during the neonatal period, the clinical
manifestations in a cohort of 25 adults with previously undiagnosed, unrepaired ToF
varied considerably. Most patients had a large VSD and a high prevalence of combined
infundibular and valvular pulmonary stenosis. Congestive HF was present in 33% of
cyanotic patients and 38% of acyanotic patients. Among patients with cyanosis, a diastolic
murmur was auscultated in two patients, and a holosystolic murmur at the lower left
sternal border was detected in three patients; in addition, eight patients had a systolic
ejection murmur, with the point of maximal intensity located at the second or third left
intercostal space. Among patients without cyanosis, nine had a holosystolic murmur at
the lower left sternal border, four had a systolic ejection murmur at the pulmonary area,
eleven had a split second heart sound (52), and four exhibited an accentuated pulmonary
component of the second heart sound (P2). Notably, the majority of patients reported a
reduction in symptoms during the second decade of life, while the absence of pulmonary
hypervascularity was observed in 70% of acyanotic patients [24]. In some cases, CHDs
may remain undiagnosed until advanced age, particularly in the presence of multiple
comorbidities usually associated with HF. For example, patent ductus arteriosus was
diagnosed at the age of 88 years in a patient with heart failure with preserved ejection
fraction (HFpEF), arterial hypertension, atrial fibrillation, and diabetes mellitus, as an
unexpectedly detected finding [25].

CHDs, regardless of whether they are diagnosed in adulthood or recognized during
childhood, may initially present with numerous extracardiac complications. Consequently,
these patients have a higher incidence of ischemic stroke, particularly those with cyanotic
CHD, as well as paradoxical embolism in the presence of right-to-left shunts. The preva-
lence of intracranial aneurysms is also increased, especially among patients with CA and
BAV. In addition, impaired pulmonary and renal function, as well as congestive hepatopa-
thy secondary to HF, are commonly observed [26]. According to data from a retrospective
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cohort study involving more than 29,000 adults with CHD, the cumulative risk of ischemic
stroke was 6.1% in women and 7.7% in men. The most important predictors of ischemic
stroke were heart failure, diabetes mellitus, and a recent myocardial infarction [27].

Nonspecific symptoms, such as palpitations and supraventricular tachycardia, may
be the initial manifestation of complex CHDs in adulthood, as exemplified by TGA. The
condition in which the aorta arises from the right ventricle and the pulmonary artery
originates from the left ventricle, resulting in complete separation of the systemic and
pulmonary circulations, and is associated with an extremely high mortality rate if left
uncorrected during the first year of life. Although survival into adulthood without surgical
correction is rare, it is possible in the presence of an ASD or VSD, which permits the mixing
of the blood of the systemic and pulmonary circulations and thereby maintains adequate
systemic oxygenation [11,13,28]. Based on published case reports of adults with newly
diagnosed d-TGA, the first clinical presentation most frequently consisted of acute HF
associated with palpitations or documented atrial flutter [11,13]. In the first case, d-TGA
was associated with severe pulmonary hypertension, ASD, VSD, and a patent ductus
arteriosus. Physical examination revealed a grade 3/6 holosystolic murmur, with the point
of maximal intensity at the lower left sternal border, an accentuated second heart sound
(P2), and a grade 3/6 diastolic murmur with its point of maximal intensity in the second
left intercostal space [13]. In the second case, d-TGA was associated with the presence of a
large ASD with a bidirectional shunt. Cardiac auscultation revealed an accentuated second
heart sound (S2), along with systolic and diastolic murmurs best heard at the second left
intercostal space along the left sternal border [11].

Symptoms such as headache, epistaxis, dizziness, tinnitus, intermittent claudication,
and cold feet may be the initial manifestation of the CoA in adults with newly diagnosed
arterial hypertension, particularly in those with milder forms of the condition [29]. In very
rare cases, interrupted aortic arch (IAA) may also be diagnosed in adulthood. For example,
the initial presentation may involve a patient with poorly controlled arterial hypertension,
without a documented blood pressure difference between the upper and lower extremities,
owing to the presence of extensive collateral circulation and a discontinuous aortic arch
distal to the left subclavian artery [9]. Furthermore, congenital coronary artery anomalies,
including the exceedingly rare condition of left main coronary artery ostial atresia supplied
by retrograde flow from a dominant right coronary artery, may be diagnosed in young
adulthood, presenting clinically as acute HF in secondary cardiomyopathy with reduced
ejection fraction (HFrEF) [30].

Although BAV is one of the most common congenital heart defects (CHDs), with a
prevalence of 0.5-2%, it frequently remains asymptomatic during childhood, with only
1 in 50 children developing clinically symptomatic BAV by adolescence [31,32]. BAV is
frequently associated with concomitant involvement of the aortic root, and the clinical
presentation in patients with previously undiagnosed BAV who reach adulthood depends
on the type and severity of the underlying pathology. These complications may include
the development of aortic stenosis, aortic regurgitation, or aortopathy characterized by
dilatation of the ascending aorta, which, in the most severe cases, may progress to aortic
dissection. Patients with an anatomically abnormal aortic valve are also at increased risk
of infective endocarditis [32]. In patients with normal or mildly impaired function of the
bicuspid aortic valve in young adulthood, with aging and progression of atherosclerosis,
calcium accumulation in the aortic valve and annulus occurs, as well as dilatation of the
ascending aorta, and almost in half of these patients, the development of late complications
of the disease is observed, usually in the fourth and fifth decades of life, which requires
further surgical treatment [33].
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Although Ebstein anomaly, resulting from the apical displacement of the tricuspid
valve and the consequent dilatation and dysfunction of the right ventricle, is most com-
monly diagnosed during the neonatal period due to cyanosis and right-sided heart failure,
milder forms of the disease are often encountered in adults with previously undiagnosed
Ebstein anomaly. In these patients, the initial presentation may include mild dyspnea or pal-
pitations associated with supraventricular arrhythmias, owing to the frequent coexistence
of an ASD and accessory conduction pathways, or atrial fibrillation [34,35]. Although cone
repair has been shown to be effective in reducing tricuspid regurgitation and decreasing
right ventricular size in patients with Ebstein’s anomaly when performed during either
childhood or adulthood, delayed diagnosis in older patients, particularly after substantial
dilatation of the right-sided cardiac chambers has occurred, with subsequent thrombus
formation within the right atrium, is associated with increased perioperative morbidity
during surgical correction of the defect [35,36].

4. Electrocardiographic Findings and Common Cardiac Arrhythmias in
Adults with First Diagnosed Congenital Heart Disease

A population-based study involving more than 11,000 adults with CHDs investigated
the most common cardiac rhythm abnormalities in this population, including tachyarrhyth-
mias (8.7%), conduction disorders (1.5%), and combinations of these conditions (0.5%).
Conduction disorders were more frequent among patients with more than one congenital
heart defect. In addition, a higher proportion of patients with both conduction disorders
and tachyarrhythmias had complex CHD (16.7%). Supraventricular arrhythmias were
more common in patients with ASD, whereas ventricular arrhythmias occurred more
frequently in patients with complex CHD, such as ToF, and in those with VSD [37]. The
substrate for arrhythmogenesis in CHD may result from abnormal cardiac anatomy, includ-
ing malposition of components of the cardiac conduction system (e.g., the sinoatrial and
atrioventricular nodes), postoperative scarring following previous cardiac surgery, and
genetically determined factors [38,39].

Malposition of the sinoatrial (SA) node may occur in left atrial isomerism, where
the SA node may be absent, whereas in right atrial isomerism, two SA nodes may be
identified [40]. In addition to patients with left atrial isomerism, complete atrioventricular
(AV) block is frequently encountered in patients with TGA. Overall, patients with both
corrected and uncorrected forms of TGA exhibited a high incidence of cardiac implantable
electronic device therapy, with permanent pacemaker implantation required in 19% of
cases, primarily for complete AV block, sick sinus syndrome, or slow atrial fibrillation,
while implantable cardioverter—defibrillator (ICD) implantation was performed in 3% of
patients [39,41].

Accessory atrioventricular pathways are characteristically associated with Ebstein’s
anomaly, ccTGA, single-ventricle physiology, and atrioventricular septal defects [40]. Atri-
oventricular reciprocating tachycardia (AVRT) mediated by twin AV nodes, in which one
AV node serves as the anterograde conduction pathway and the other as the retrograde
conduction pathway, is a characteristic electrophysiological finding in complex CHDs
involving major AV septal canal defects [42]. Monomorphic ventricular tachycardia (VT)
is more commonly associated with the primary CHD, arising from an arrhythmogenic
substrate related to abnormal cardiac anatomy, as observed in VSDs, ToF, tetralogy of Fallot
with pulmonary atresia, and double-outlet right or left ventricle. In contrast, polymorphic
VT is more frequently encountered in complex CHD, where the arrhythmogenic substrate
is attributable not only to the underlying congenital anatomical abnormalities but also to
postoperative scar tissue, as seen in congenitally corrected transposition of the great arteries
(ccTGA) with VSD and Ebstein’s anomaly. Ventricular fibrillation has been reported in
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patients with dextro-transposition of the great arteries (d-TGA) ccTGA, and congenital
aortic stenosis [43].

Atrial fibrillation may represent the initial clinical manifestation of adult CHD, oc-
curring in both relatively simple defects, such as an ASD associated with cor triatriatum,
and more complex lesions, including Ebstein’s anomaly diagnosed later in adulthood.
In most cases, the initial presentation of CHD with atrial fibrillation is accompanied by
early signs and symptoms of heart failure [35,44]. Atrial fibrillation and atrial flutter occur
more frequently in older patients with ASD than during childhood [45]. According to a
Danish registry study involving 151 adults with small, unrepaired atrial septal defects,
who underwent 48 h Holter ECG monitoring, with patients in whom atrial fibrillation was
detected subsequently undergoing 7-day Holter electrocardiography (ECG) monitoring,
the incidence of arrhythmias remained high despite spontaneous closure of the defect in
approximately 80% of patients. The most frequently observed arrhythmias were supraven-
tricular tachycardia, non-sustained atrial arrhythmias, and atrial fibrillation [46]. It has been
demonstrated that the incidence of supraventricular arrhythmias, particularly atrial flutter,
decreases following ASD closure performed in adulthood (mean age at repair: 42 years).
However, the incidence of atrial fibrillation remains unchanged after late ASD closure in
this patient population [47].

Right bundle branch block (RBBB) was frequently observed in patients with CHDs. A
small prospective study reported a high prevalence of interatrial septal abnormalities in pa-
tients with RBBB, identified in 80.5% of cases. These abnormalities included patent foramen
ovale (PFO) in 39.0% of patients, atrial septal aneurysm in 21.9%, and ASD in 19.5% [48].
Although the diagnostic utility of ECG for identifying specific CHDs is relatively limited in
both childhood and adulthood, several electrocardiographic features remain characteristic
of particular congenital cardiac lesions. In addition to incomplete RBBB, a study involving
45 patients with secundum ASD demonstrated that the amplitude of the P wave in lead V3
correlated with the likelihood of an ASD measuring more than 5 mm in diameter [49]. In a
cohort of 25 patients diagnosed with ToF in adulthood, the electrocardiogram demonstrated
RBBB in 58% of cases. Tall, peaked P waves were observed in 66% of cyanotic patients,
whereas predominant right ventricular hypertrophy was present in 46% of acyanotic pa-
tients [23]. In patients with Ebstein’s anomaly, characteristic electrocardiographic findings
include tall P waves, prolonged PR interval, RBBB, and fragmented QRS complexes. In
addition, owing to the frequent presence of multiple accessory atrioventricular pathways,
Wolff-Parkinson-White (WPW) syndrome is commonly observed [50,51]. In a large cohort
of pediatric and adult patients with CHD and HFrEF, characteristic electrocardiographic
findings included abnormalities of the precordial QRS complexes and T waves. High-risk
ECG features most commonly comprised deep S waves in lead V2 and T-wave inversion in
the lateral precordial leads [52]. For the majority of CHDs diagnosed later in life, no specific
ECG features have been identified. In a subset of patients, however, atrial fibrillation may
represent the only electrocardiographic abnormality [18,25].

5. Echocardiographic and Other Imaging Findings in Adults with First
Diagnosed Congenital Heart Disease

Echocardiography, including M-mode, two-dimensional (2D) imaging, three-dimensional
(3D) and four-dimensional (4D) imaging, Doppler imaging, and the assessment of global
longitudinal strain (GLS), is the gold standard for the diagnosis of CHDs in adults [29,53].
To complement the diagnostic evaluation, transoesophageal echocardiography, often in-
corporating 3D or 4D imaging modalities, is frequently required for the assessment of
CHDs [29]. One of the principal clinical manifestations of CHD in adulthood is heart
failure. As these patients frequently present initially to the emergency department, point-
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of-care echocardiographic findings that should raise suspicion of underlying CHD include
cardiomyopathy with HFrEF in younger patients without identifiable secondary causes,
particularly when accompanied by significant left atrial (LA) dilatation. Additional echocar-
diographic features suggestive of CHD include right heart chamber enlargement, charac-
terised by RV basal dilatation (>42 mm), RV hypertrophy (wall thickness > 5 mm), and
the presence of pulmonary hypertension. Patients presenting with these findings should be
referred for comprehensive transthoracic echocardiography and, when clinically indicated,
transoesophageal echocardiography to establish the underlying diagnosis [54,55].

The most common CHD that remains undiagnosed until adulthood, and is often de-
tected incidentally during echocardiographic evaluation, is an ASD. The majority of ASDs
are of the ostium secundum type (80%), characterised by a defect in the region of the fossa
ovalis. Less frequently, ostium primum defects (15%) occur as part of atrioventricular septal
defects located near to the mitral and tricuspid valves and are commonly associated with
chromosome 21 trisomy. Other less common subtypes include sinus venosus defects located
near the junction of the superior or inferior vena cava with the right atrium (approximately
5-6% of cases), whereas an unroofed coronary sinus is the rarest form, accounting for fewer
than 1% of ASDs [56-59]. Depending on the type and size of the ASD, shunt direction,
and RV volume overload, transthoracic echocardiography alone is often insufficient for
comprehensive evaluation. In a smaller cohort study involving 154 patients with unre-
paired atrial septal defects the sensitivity of TTE for the detection of ostium secundum atrial
septal defects was 89%, compared with 100% for ostium primum ASD and 44% for sinus
venosus defects. The specificity was 11% for ostium secundum ASD and 56% for sinus
venosus defects [60]. Additional diagnostic imaging modalities, including transesophageal
echocardiography (TEE), three-dimensional transesophageal echocardiography (3D TEE),
cardiac magnetic resonance (CMR) imaging, cardiac computed tomography (CCT), and car-
diac catheterization, are frequently required to ensure accurate diagnosis and appropriate
assessment [61]. In adult patients with previously undiagnosed ASD, the initial clue to the
diagnosis is often the detection of right ventricular (RV) dilatation, typically accompanied
by preserved or hyperdynamic RV systolic function [29,62]. TEE is used to provide a more
accurate diagnosis of sinus venosus defects and is also essential for the detailed assessment
of secundum ASDs. Three-dimensional transesophageal echocardiography (3D TEE) fur-
ther enables comprehensive visualization of the defect morphology, providing detailed
information on its size, shape, and surrounding rims [29]. Contrast echocardiography is
a useful modality for the detection of small intracardiac shunts, particularly in patients
with suboptimal echocardiographic acoustic windows [62]. CMR for the assessment of
right ventricular function and the pulmonary-to-systemic blood flow ratio (Qp:Qs > 1.5),
together with cardiac catheterization in patients with a systolic pulmonary artery pressure
(sPAP) > 40 mmHg, pulmonary vascular resistance (PVR) <5 WU, are essential for guiding
decisions regarding ASD closure in adult patients [29,62].

Based on the anatomical location of the interventricular septal defect, four types of
VSDs are distinguished: perimembranous VSD (approximately 80%), which have a rela-
tively high likelihood of spontaneous closure; muscular (trabecular) VSD (10-15%), which
may be multiple and also frequently closes spontaneously; outlet VSD (approximately 5%),
located beneath the semilunar valves (outlet septum), which are associated with aortic
regurgitation (AR) due to prolapse of the right coronary aortic cusp and may also be accom-
panied by aneurysm of the sinus of Valsalva; and inlet VSD, located immediately beneath
the atrioventricular (AV) valves and typically associated with atrioventricular septal defects
(AVSD) [29]. Transthoracic echocardiography (TTE) is the first-line imaging modality for
the detection of VSDs. In the parasternal long-axis view, perimembranous VSDs and a pro-
portion of muscular VSDs can be visualized. The parasternal short-axis view at the level of
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the great arteries allows visualization of perimembranous and juxta-arterial (outlet) VSDs,
whereas the parasternal short-axis view at the ventricular level is optimal for identifying
muscular VSDs. Inlet VSDs are best demonstrated in the apical four-chamber view, while
outlet VSDs are most clearly visualized in the subcostal (subxiphoid) view [63]. Colour
Doppler and continuous-wave Doppler imaging are used to assess the continuity of the
interventricular septum. Once a VSD is identified, the peak pressure gradient across the de-
fect should be measured. A peak pressure gradient > 64 mmHg is suggestive of a restrictive
VSD, whereas values between 25 and 60 mmHg indicate a moderately restrictive defect [64].
Moreover, 3D TTE and GLS are also used for the adequate assessment of left ventricular size
and function, with 3D TTE enabling volumetric assessment. TEE is particularly useful for
detailed visualization of the AV valves, the perimembranous portion of the interventricular
septum (IVS), inlet VSDs, and the morphology of the aortic valve cusps, particularly for
identifying prolapse of the right coronary cusp [63]. CMR serves as a complementary
imaging modality to TTE and TEE for the assessment of shunt size, while cardiac catheteri-
zation is performed in patients with elevated systolic pulmonary artery pressure (sPAP) to
determine pulmonary vascular resistance [29]. In patients with an unrecognized VSD and
high trans-VSD pressure gradients, the development of a double-chambered right ventricle
(DCRV) may occur as a late complication. It is often asymptomatic during childhood, with
the first clinical manifestations and diagnosis frequently occurring in adulthood. This
abnormality may be overlooked on TTE, making TEE and CMR necessary for accurate
detection [12,65].

Ebstein’s anomaly is primarily characterized by a malformation of the tricuspid valve,
in which the septal and posterior leaflets are adherent to the underlying myocardium,
while the anterior leaflet is typically redundant and fenestrated. The anomaly is further
characterized by apical displacement of the functional tricuspid annulus, atrialization of the
right ventricle, and dilatation of the right atrioventricular junction (true tricuspid annulus).
The point of maximal apical displacement of the septal and posterior tricuspid valve
leaflets relative to the anterior leaflet is located at the commissure between the septal and
posterior leaflets. In Ebstein’s anomaly, the displacement at this level ex-ceeds 8 mm/m? of
body surface area (BSA), which represents a diagnostic criterion for the condition [66,67].
The altered cardiac anatomy in Ebstein’s anomaly leads to progressive dilatation of the
right-sided cardiac chambers, most frequently in association with significant tricuspid
regurgitation [68]. The displaced tricuspid valve divides the right ventricle into two
distinct components: the inlet portion, which represents the functional atrialized segment
of the right ventricle, and the remaining functional right ventricle, which consists of the
trabecular and outlet portions [69]. Mitral valve prolapse is a common finding in patients
with Ebstein’s anomaly, likely related to compression and geometric distortion of the
left ventricle [68]. The diagnosis of Ebstein’s anomaly is established in the majority of
cases at birth or during early childhood. However, in a subset of oligosymptomatic or
asymptomatic patients, the diagnosis may not be established until adulthood or even
later in life. Adult patients diagnosed with Ebstein’s anomaly are less likely to have a
concomitant ASD, which may contribute to a more benign clinical course and delayed
symptom onset [10]. The diagnosis of Ebstein’s anomaly can usually be established readily
by TTE. In addition to the rapid visualization of dilated right-sided cardiac chambers and
the dilated atrialized portion of the RV, TTE enables identification of the apical displacement
of the septal and posterior tricuspid valve leaflets, best assessed in the apical four-chamber
and right ventricular inflow views. Doppler echocardiography further allows assessment
of the severity of tricuspid regurgitation, which is commonly significant [70,71]. TEE
provides superior visualization of the tricuspid valve and annulus, particularly in the mid-
esophageal four-chamber and transgastric sagittal views. It is also valuable for confirming
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the presence of a concomitant ASD or a patent foramen ovale (PFO) [71]. In adult patients
with unrepaired Ebstein’s anomaly, CMR has proven to be a valuable imaging modality for
the assessment of right heart function. CMR enables accurate volumetric analysis using
short-axis and axial views to quantify the functional right ventricular end-diastolic volume
(RVEDV) and end-systolic volume (RVESV) [72].

Tetralogy of Fallot is defined by the presence of four characteristic features: a ventricu-
lar septal defect (VSD), overriding of the aorta, right ventricular hypertrophy, and right
ventricular outflow tract (RVOT) obstruction [73]. The diagnosis of tetralogy of Fallot is
usually established shortly after birth due to the presence of cyanosis. In patients with
unrepaired tetralogy of Fallot, mortality approaches 50% within the first few years of life,
while survival beyond 30 years of age is exceedingly rare without surgical correction [74].
The VSD in ToF results from the cranial displacement of the infundibular (outlet) septum.
Consequently, the infundibular septum either fails to align and fuse properly with the
muscular interventricular septum during development or fails to undergo muscularization
and remains fibrous. In both cases, its cranial malalignment results in the characteristic
VSD. Because of the displacement of the malaligned infundibular (outlet) septum toward
the RV, the aortic root overrides the muscular interventricular septum. When significant
right ventricular outflow tract obstruction is present, the VSD predominantly shunts blood
from right to left, resulting in cyanosis. With significant aortic override, the morphology
approaches that of a double-outlet right ventricle (DORV) [75]. Given the characteristic
clinical presentation, the high prevalence of cyanosis in patients with ToF, and distinctive
features such as digital clubbing and a characteristic pansystolic murmur, most cases are
diagnosed during childhood. However, in rare instances, particularly in resource-limited
settings with restricted access to healthcare, the initial presentation may occur in adulthood.
Delayed diagnosis may also be seen in acyanotic patients with milder degrees of pulmonary
stenosis. The diagnosis is confirmed by TEE, which allows comprehensive assessment
of the cardiac anatomy, including the VSD, the degree of aortic override, the severity of
RVOT obstruction, and RV hypertrophy [76]. In two reported cases of patients in whom
ToF was diagnosed in the fourth and fifth decades of life, respectively, TTE demonstrated
the characteristic anatomical features of the defect. In the first patient, the findings included
a large malalignment subaortic VSD, an overriding aorta of less than 50%, consistent with
abnormal conal septal development, RV hypertrophy, infundibular pulmonary stenosis,
and an interatrial septal aneurysm. In the second patient, echocardiography revealed a
large subaortic VSD, an overriding aorta, severe valvular pulmonary stenosis, and marked
RV hypertrophy [76,77]. On chest radiography, ToF was classically characterized by a
boot-shaped cardiac silhouette [75].

The clinical presentation of patients with patent ductus arteriosus (PDA) varies consid-
erably depending on the size of the defect, the degree of left ventricular volume overload,
and the development of pulmonary hypertension, which results in pressure overload of the
right ventricle. In rare cases, disease progression may ultimately lead to the development
of Eisenmenger syndrome. Most patients with an established diagnosis have a relatively
mild form of the defect [29]. In approximately 14% of patients with patent ductus arteriosus
(PDA), calcification of the ductus can be detected on chest radiography [78]. Transthoracic
echocardiography (TTE) is used to visualize the PDA and assess left ventricular volume
overload, estimate systolic pulmonary artery pressure (sPAP), evaluate the size of the
pulmonary artery, and assess right heart chamber dimensions and function. The magni-
tude of the left-to-right shunt (Qp) is quantified by cardiovascular magnetic resonance
(CMR), whereas in patients with elevated sPAP, right heart catheterization is performed to
determine pulmonary vascular resistance (PVR) [29].
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In adults CA is primarily evaluated by TTE, which can raise suspicion of the diagnosis
but is often insufficient to establish a definitive. Therefore, pulsed-wave (PW) Doppler
assessment of flow in the abdominal aorta is an important diagnostic adjunct. A flow
pattern characterized by reduced pulsatility, a low systolic peak velocity, and the absence of
early diastolic flow reversal is highly suggestive of coarctation of the aorta [79]. Using the
suprasternal transthoracic echocardiographic view, the aortic arch can be visualized, while
Doppler imaging demonstrates turbulent flow at the site of the coarctation with an increased
peak pressure gradient across the narrowed aortic segment [80]. In adults with coarctation
of the aorta (CoA), global longitudinal strain (GLS) and left atrial strain can detect early
impairment of myocardial function before a decline in left ventricular ejection fraction
(LVEF) or significant left atrial enlargement becomes apparent. Interestingly, following CoA
repair, GLS values often remain reduced despite preservation of LVEF, suggesting persistent
subclinical left ventricular systolic dysfunction [81,82]. Cardiovascular magnetic resonance
(CMR) and cardiac computed tomography (CT) with three-dimensional (3D) reconstruction
are the gold standard for comprehensive evaluation of the entire thoracic aorta and for
establishing the diagnosis of coarctation of the aorta (CoA). These imaging modalities
are also essential for the long-term surveillance of patients after CoA repair, enabling the
detection of restenosis, aneurysm formation, and other postoperative complications [80].

Bicuspid aortic valve represents a spectrum of conditions depending on morphology
(number of cusps, commissures, number of raphes, condition of the ascending aorta) and
function (predominantly stenosis, predominantly regurgitation, or a balance between the
two). The so-called “true” BAV refers to two completely developed cusps, 0 raphes, and
is a less common form. More commonly, there are three formed cusps with 1-2 raphes.
In the case of 1 raphe, the non-coronary cusp is usually larger, while the right and left
coronary cusps are incompletely separated, smaller, and malformed. In the case of 2 raphes,
they are usually located between the right and left coronary cusps and between the right
coronary and non-coronary cusps, and this form is associated with the highest incidence of
aneurysm of the ascending aorta [82,83]. The diagnosis of BAV is primarily established by
TTE, with high sensitivity (92%) and specificity (96%), where adequate visualization of the
aortic valve in systole and diastole in the parasternal short-axis view is required, in which
the characteristic “fish-mouth” opening of the valve can be seen, while “doming” of the
aortic cusps is a characteristic finding in the parasternal long-axis view [84]. TEE is used
for a more detailed visualization of the aortic cusps in cases of an inadequate TTE window,
while MSCT is used to assess the dimensions of the ascending aorta [32].

6. Genetic Test Results in Adults with First Diagnosed Congenital
Heart Disease

Patients with congenital heart disease (CHD) frequently exhibit chromosomal ab-
normalities or aneuploidies (8-12%), copy number variations (3—25%), and pathogenic
single-gene variants (3-5%). The likelihood of identifying a genetic cause of CHD is higher
in patients with nonisolated CHD than in those with an isolated cardiac defect [85]. In a
large cohort of more than 2800 patients with CHD, “de novo” mutations were identified
in 8% of cases. Their prevalence was 3% among patients with isolated CHD and 28%
among those with CHD accompanied by extracardiac anomalies [86]. One of the most
common examples of aneuploidy is trisomy 21 (Down syndrome), which is most frequently
associated with congenital heart defects involving the “crux cordis”, including ASD, VSD,
and AVSD [85,87]. Turner syndrome is characterized by complete or partial loss of one
X chromosome. It is associated with a broad spectrum of cardiovascular abnormalities,
including hypertension, cardiac conduction disorders, mitral valve prolapse, and coarcta-
tion of the aorta, often accompanied by a BAV. In addition, patients with Turner syndrome
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have a markedly increased risk of aortic dilatation and aortic dissection compared with the
general population [88]. CHD frequently occur as part of genetic syndromes. For example,
ToF is commonly associated with Turner syndrome, DiGeorge syndrome (22q11.2 deletion
syndrome), Down syndrome, and Williams-Beuren syndrome [26,73].

Table 1 below summarizes a group of genes with established roles in the pathogenesis
of CHD. These genes predominantly encode transcription factors, signaling molecules, and
structural proteins that are essential for cardiac development, morphogenesis, and normal
cardiac function.

Table 1. Genes with evidence for CHD (ClinGen).

Gene ! Disease Inheritance Pattern
structural congenital heart disease, multiple types—GATA4 AD
(ASD, ToF, VSD)
GATAG6-related congenital heart disease with or without

pancreatic agenesis or neonatal diabetes (ASD, VSD, BAYV, AD

PDA, TGA, ToF, Conotruncal heart malformations)
congenital heart disease AD

MYH-6-related congenital heart defects (ASD,

atrioventricular septal defects, conotruncal defects, AD

tricuspid atresia and left sided obstructive lesions)

NKX2.5-related congenital, conduction and myopathic heart
disease (ASD, VSD, conotruncal heart malformations, AD
Hypoplastic left heart syndrome)

congenital heart disease with heterotaxy syndrome AD
NR2F2-related multiple congenital anomalies/dysmorphic AD
syndrome
PLD1-related congenital heart disease AR
TARP syndrome XL
congenital heart disease (ASD, VSD, dextrocardia, atrial
isomerism, double-outlet right ventricle, unbalanced
complete atrioventricular canal, unbalanced right-dominant AD
complete atrioventricular canal, pulmonary stenosis,
pulmonary atresia, mitral atresia and hypoplastic
left ventricle)
congenital heart defects, multiple types, 2 (ASD, BAYV,
. . AD
valvular dysplasia, valvular stenosis, VSD)
TFAP2B-related congenital heart disease spectrum disorder
AD
(PDA)
congenital heart disease with heterotaxy syndrome XL

congenital heart disease (aortic stenosis/atresia, ASD,
double outlet right ventricle, hypoplastic aortic arch, and AD
hypoplastic left ventricle)

congenital heart disease AD

congenital heart disease (hypoplastic left heart syndrome) AD
congenital heart disease AD

congenital heart disease (double-outlet right ventricle with AD

VSD, ToF, VSD)

HAND2-related congenital heart defect AD
congenital heart disease AD

congenital heart disease AD
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Table 1. Cont.

1

Gene Disease Inheritance Pattern

aortic valve disease 3 (aortic root aneurysm, ascending

aortic aneurysm, ASD) AD

congenital heart disease AD

! Gene names highlighted in green indicate genes with definitive evidence for an association with
CHD. Gene names highlighted in blue indicate genes with strong evidence, whereas those highlighted
in orange indicate genes with moderate evidence for an association with CHD.

In patients with familial CHD, mutations in NKX2-5 have been strongly associated
with ASD and atrioventricular (AV) block. According to published data, this phenotype
is observed in approximately 74% of affected individuals, while approximately 15% of
patients with both ASD and AV block experience sudden cardiac death [89]. The G2965
missense mutation in GATA4, another key cardiac transcription factor, results in reduced
transcriptional activity of GATA4 and disrupts its interaction with TBX5, thereby con-
tributing to the development of septal defects. Similar pathogenic mechanisms have also
been demonstrated for other GATA4 mutations [90]. Mutations affecting the NOTCH1
signaling pathway influence multiple cellular processes and play a pivotal role in aor-
tic valve development. NOTCHI1 variants have a significant impact on the aortic valve
phenotype in adults with familial BAV, promoting calcification of the bicuspid valve and
the subsequent development of aortic stenosis. A very high frequency of inheritance of
BAV, as well as other associated cardiovascular malformations, is well known. In a study
conducted in more than 300 members of three generations of families of patients with
known BAV, a prevalence of 31% of BAV and/or associated cardiovascular malformations
(ASD, VSD, mitral valve disease, dilatation of the ascending aorta) was demonstrated [91].
Other study conducted in 38 families (353 subjects) with a known history of BAV and/or
associated cardiovascular malformation identified regions of chromosomes 18q, 5q, and
13q responsible for the development of the disease [92]. Furthermore, impaired structural
integrity of the aortic wall associated with NOTCH1 dysfunction may contribute to aortic
root dilation and secondary aortic regurgitation [93]. Mutations in MYH6 and MYH?7 have
been associated with a wide spectrum of congenital heart defects, including VSD, ASD, and
left ventricular outflow tract (LVOT) obstruction. In a cohort of patients with familial left
ventricular noncompaction (LVNC), a “de novo” mutation in the MYH7 gene, encoding the
-myosin heavy chain, was identified and shown to segregate with the disease in several
affected family members. The same mutation was also associated with Ebstein anomaly
and ASD [94].

According to the Danish nationwide registry study including 18,708 patients with
CHD, the recurrence risk ratio among first-degree relatives varied substantially according
to the specific cardiac phenotype. The highest recurrence risk was observed for heterotaxy
(risk ratio [RR] 79.1), followed by RVOT obstruction (RR 48.6), AVSD (RR 24.3), LVOT
obstruction (RR 12.9), conotruncal defects (RR 11.7), isolated ASD (RR 7.1), and isolated
VSD (RR 3.4). Overall, individual CHD phenotypes demonstrated marked but highly
variable familial clustering among first-degree relatives, with recurrence risks ranging
from approximately threefold to 80-fold higher than in the general population. In contrast,
the risk of discordant (phenotypically dissimilar) CHD among first-degree relatives was
considerably lower [95].

7. Discussion

Although the majority of CHD are diagnosed during childhood, a proportion of pa-
tients remain undiagnosed during this period, most commonly due to the asymptomatic or
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oligosymptomatic nature of the disease at that time. Consequently, the initial diagnosis
of CHD is often established only when disease-related complications develop, including
heart failure, arrhythmias, right-sided cardiac chamber dilatation, and pulmonary hyper-
tension [1-3]. Patients have a substantially more favorable clinical course, with a lower
likelihood of late complications (such as cardiogenic shock, pulmonary hypertensive crises,
and infective endocarditis) and ultimately improved long-term survival, when CHD re-
quiring intervention based on clinical indications is surgically corrected [6,7]. The most
common CHDs which may occasionally remain undiagnosed until adulthood include
ASD, VSD, CA, BAV, PDA, Ebstein anomaly, and PAPVC. Rarely, more complex CHDs
such as ToF and TGA may be diagnosed in adulthood, particularly in the presence of
collateral shunt [3,10-12]. Given the known unfavorable outcomes associated with delayed
correction of CHD that remain undiagnosed until adulthood, timely detection is of crucial
importance. It is essential to identify patients at increased risk of underlying CHD based
on their clinical presentation, physical examination findings, or initial TTE results. These
patients should undergo an appropriate diagnostic evaluation, including complementary
imaging modalities such as TEE, CMR, and cardiac catheterization, when indicated. Early
establishment of the diagnosis enables appropriate clinical decision-making and timely
initiation of further management.

Among patients with late-diagnosed CHD presenting in adulthood or advanced age,
those who remained asymptomatic for an extended period most commonly had less severe
structural defects. The first clinical presentation of CHD in adulthood is often nonspecific,
including exertional dyspnea, palpitations, anginal chest pain, and syncope. Therefore,
these symptoms can easily be misinterpreted as manifestations of other, more prevalent
conditions affecting patients in this age group [14]. ASD and VSD that remain undiagnosed
until adulthood typically present with signs of RV volume overload, the development of
pulmonary hypertension, and progressive biventricular heart failure as a consequence of a
left-to-right (L-R) shunt [3,18]. In cases of a significant shunt and a prolonged period of
undiagnosed CHD, progressive worsening of pulmonary hypertension and an increase
in pulmonary vascular resistance may occur, eventually leading to shunt reversal from
right-to-left (R-L) and the development of Eisenmenger syndrome [2,19]. Complex CHD
presenting in adulthood are most commonly associated with clinical signs of heart failure.
In complex lesions such as ToF, the mechanisms underlying the development of heart
failure differ substantially between repaired (HFrEF) and unrepaired patients (HFpEF) [23].
Patients presenting with tetralogy of Fallot (ToF) in adulthood generally represent a milder
disease spectrum, most commonly characterized by pulmonary stenosis rather than more
severe forms such as pulmonary atresia or complete pulmonary valve obstruction [24].
Cases of newly diagnosed dextro-transposition of the great arteries (d-TGA) in adulthood
have been described, presenting with acute heart failure accompanied by supraventricular
arrhythmias. However, these patients had a large ASD that functioned as a bidirectional
shunt, allowing sufficient mixing of systemic and pulmonary blood flow [11,13]. CA
is occasionally identified as an incidental finding during the evaluation of adults with
arterial hypertension. Patients commonly present with symptoms related to upper-body
hypertension, including headache, epistaxis, dizziness, and tinnitus [29]. Ebstein anomaly,
characterized by apical displacement of the tricuspid valve and progressive severe tricuspid
regurgitation, typically presents with signs and symptoms of heart failure. In adults with
previously undiagnosed Ebstein anomaly, an associated ASD is frequently identified. In
addition, owing to the high prevalence of accessory atrioventricular pathways, the initial
clinical presentation may be tachyarrhythmia associated with Wolff-Parkinson-White
syndrome [34,35]. In patients with BAV, symptoms may develop during the fourth or
fifth decade of life due to the progression of atherosclerotic changes in the abnormal valve
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and calcium deposition within the wall of the ascending aorta, which may contribute to
progressive dilatation of the ascending aorta [33].

The most common arrhythmias in patients with previously undiagnosed CHD pre-
senting in adulthood are tachyarrhythmias, conduction disturbances, or a combination
of both, particularly in patients with more complex CHDs. In these patients, malignant
ventricular arrhythmias may also occur, especially in conditions such as ToF [36]. The
arrhythmogenic substrate in adults with previously undiagnosed CHD is primarily related
to abnormal cardiac anatomy, including malposition or even duplication of components
of the cardiac conduction system, such as the SA and AV nodes. In addition, genetically
determined factors may also contribute to the development of arrhythmias [38,39]. Atrial
fibrillation is a common initial clinical presentation in adults with previously undiagnosed
CHD and is frequently accompanied by signs and symptoms of heart failure. Congenital
cardiac lesions in which atrial fibrillation commonly represents the initial manifestation
include cor triatriatum and more complex defects, particularly Ebstein anomaly diagnosed
later in adulthood [33,44]. The ECG may be entirely normal in many adults with previously
undiagnosed CHD particularly in the absence of right-sided heart failure. Alternatively,
the initial ECG may demonstrate a supraventricular tachyarrhythmia. However, certain
CHDs, including secundum ASD, ToF, and Ebstein anomaly, are associated with character-
istic electrocardiographic findings. These include tall P waves, PR interval prolongation,
and RBBB, whereas fragmented QRS complexes are particularly characteristic of Ebstein
anomaly [50-52]. In patients with CHD, prolonged Holter ECG monitoring may be war-
ranted because of the higher likelihood of arrhythmias compared with the general popula-
tion. A 48 h Holter ECG recording may therefore be appropriate, whereas a 7-day Holter
ECG monitoring period may be preferable in patients with atrial fibrillation [46].

In adults with previously undiagnosed CHD presenting to the emergency department,
focused TTE may reveal findings that should raise suspicion of an underlying congenital
cardiac lesion. These include cardiomyopathy with HFrEF in younger patients without
an identifiable secondary cause, particularly when accompanied by significant left atrial
LA dilatation. Additional suggestive findings include right heart chamber enlargement,
characterized by RV basal dilatation (>42 mm), RV hypertrophy (wall thickness > 5 mm),
and the presence of pulmonary hypertension [54,55]. TTE is the primary imaging modality
for the detection of CHD in adults. However, additional diagnostic investigations are fre-
quently required to establish an accurate diagnosis and provide comprehensive anatomical
and hemodynamic assessment. It is important to emphasize that TTE, as the first-line
diagnostic modality, does not have uniform sensitivity and specificity for different types of
atrial septal defects. In particular, its sensitivity for detecting sinus venosus ASD is as low
as 44%. Therefore, in such cases, and preferably in other types of ASDs as well, TTE should
be supplemented with transesophageal echocardiography (TEE). Other methods for detec-
tion are three-dimensional transesophageal echocardiography (3D TEE), cardiac magnetic
resonance (CMR) imaging, cardiac computed tomography (CCT), and cardiac catheteriza-
tion [62]. For example, in the evaluation of adults with ASD for potential defect closure,
cardiac magnetic resonance (CMR) imaging is used to assess right ventricular function
and quantify the pulmonary-to-systemic blood flow ratio (Qp:Qs > 1.5). In patients with
elevated systolic pulmonary artery pressure (sPAP > 40 mmHg), right heart catheterization
is required to determine pulmonary vascular resistance (PVR). A PVR < 5 Wood units,
together with the overall clinical and hemodynamic assessment, is an important criterion
supporting the decision to proceed with ASD closure in adult patients [29,62]. Echocardio-
graphic findings vary according to the specific type of CHD and its underlying anatomy.
It is important to emphasize that optimal visualization of individual ventricular septal
defects requires the use of appropriate echocardiographic views [63]. On chest radiography,
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tetralogy of Fallot (ToF) is classically characterized by a boot-shaped cardiac silhouette [75].
Cardiac magnetic resonance imaging (CMR) and cardiac computed tomography (CCT)
with three-dimensional (3D) reconstruction represent the gold-standard imaging modalities
for the diagnosis and anatomical assessment of coarctation of the aorta (CA) [80].

Patients with CHD frequently exhibit chromosomal abnormalities or aneuploidies
(8-12%), copy number variations (3-25%), and pathogenic single-gene variants (3-5%),
while the reported incidence of de novo mutations is approximately 8%. [85,87]. Com-
plex CHD frequently occur as part of genetic syndromes, including Turner syndrome,
DiGeorge syndrome (22q11.2 deletion syndrome), Down syndrome, and Williams—-Beuren
syndrome [26,73]. Genes with established roles in the pathogenesis of CHD predominantly
encode transcription factors, signaling molecules, and structural proteins that are essential
for cardiac development, morphogenesis, and normal cardiac function [Table 1]. Individ-
uals with a family history of CHD in a first-degree relative have a 3- to 80-fold higher
risk of CHD than the general population. In familial CHD, pathogenic variants in specific
genes, such as NKX2-5, which is strongly associated with atrial ASD and atrioventricular
(AV) block, are associated with poorer clinical outcomes and an increased risk of sudden
cardiac death [89].

Late diagnosis of CHDs is characteristic of underdeveloped and developing countries,
primarily due to limited healthcare resources and the smaller number and availability
of specialized centers where such diagnoses can be established. At the same time, these
populations also have the least access to complex and costly forms of surgical treatment [96].
Late presentation in the natural history of CHD consequently leads to the progression of
pathophysiological processes and the development of unfavorable hemodynamic condi-
tions in certain types of CHD [96-98]. In infants and children with undiagnosed complex
CHDs, such as TGA without a significant ASD or VSD, early circulatory collapse and mul-
tiorgan failure may occur. In patients with Eisenmenger syndrome, for example, secondary
polycythemia and coagulation disorders may develop, while untreated valvular disease
may predispose to infective endocarditis. Consequently, late correction of CHD is associ-
ated with a high perioperative risk, an increased incidence of postoperative complications,
and higher mortality [96,97,99]. As expected, patients with late-diagnosed and untreated
congenital heart disease (CHD) have a reduced life expectancy compared with the general
population. The natural clinical course was followed in 20 patients with ostium secundum
ASD and established significant pulmonary hypertension. All patients had a delayed
diagnosis of CHD. The ASD was detected at a mean age of 39 years, although some patients
had been symptomatic since adolescence. Notably, 46% of the patients died from cardiac
causes at a mean age of 51 years [100]. Another study investigated a cohort of 79 patients
with VSD diagnosed during adulthood, at a mean age of 34 years. A small proportion
of patients (n = 12) underwent surgical repair, whereas the remaining patients received
medical treatment. Overall, the 10-year survival rate was 76% and was associated with the
patients’ clinical status at the beginning of follow-up, including NYHA functional class, the
presence of moderate-to-severe pulmonary hypertension, and documented cardiac cham-
ber dilatation [101]. In prior study of patients with late-detected and untreated coarctation
of the aorta, a high mortality rate was documented during the natural course of the disease,
with mortality reaching 25% within the first two decades of life, 50% by the age of 32 years,
75% by the age of 46 years, and as high as 90% by the age of 58 years [102]. A systematic
review of the literature involving more than 1000 patients with untreated Eisenmenger
syndrome demonstrated a very high 10-year mortality rate, reaching 30-40% [103].

Given the high prevalence of comorbidities and the substantial mortality among
untreated adults with late-diagnosed CHD, improving the early detection of CHD is
essential to enable timely diagnosis and appropriate treatment. The previously described
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higher incidence of late-detected and undiagnosed CHD in adulthood in low-resource
countries and regions, compared with developed rural areas, is likely attributable to limited
diagnostic capabilities in these settings. Although echocardiography is considered the
gold standard for the detection of CHD in newborns, its sensitivity and specificity still
do not consistently reach the desired levels. Fetal echocardiography has also proven to
be a useful diagnostic tool; although its sensitivity is moderate, its high specificity allows
for reliable exclusion of CHD in cases with negative findings. Finally, pulse oximetry
represents the simplest and most accessible diagnostic method for the detection of complex
CHD [104]. The limited sensitivity and specificity of transthoracic echocardiography (TTE)
are attributable not only to differences in the availability and quality of echocardiographic
equipment but also to its substantial dependence on the expertise and diagnostic capabilities
of the diagnostician. Therefore, an important question is how diagnostic methods can
be standardized and made more widely accessible on a global scale, and to what extent
artificial intelligence (Al)-based tools may contribute to addressing these challenges. A
study published as early as 2022 demonstrated the impact of artificial intelligence (Al)
technology, specifically a deep learning-based explainable representation in the form of a
“graph chart diagram” to support fetal cardiac ultrasound screening, on improving CHD
detection across all levels of diagnostic expertise, from specialists to residents. However,
diagnostic performance still differed according to the level of training and experience of
the diagnostician [105]. Computer-assisted auscultation could also serve as a screening
tool for CHD detection, given the demonstrated 98% sensitivity, 91% specificity, and 97%
accuracy of remote auscultation in detecting abnormal heart sounds [106]. As expected,
Al technology could be particularly useful in detecting small cardiac defects that might
otherwise be missed by conventional diagnostic methods, such as small ASDs or partial
anomalous pulmonary venous return.

8. Conclusions

CHDs may remain undiagnosed until adulthood, whether they involve minor, asymp-
tomatic defects or previously unrecognized variants of complex CHDs with an associated
shunt or a more favorable anatomical configuration that permits survival into adulthood.
The initial presentation of CHD in adulthood is most often recognized only after the
development of complications, such as HF, arrhythmias, right-sided cardiac chamber di-
latation, or pulmonary hypertension. Previously unrecognized CHD in adults should
be suspected in the presence of symptoms such as dyspnea, palpitations, chest pain or
discomfort, and syncope, as well as signs of heart failure. Suspicion should be particularly
high in patients presenting with specific electrocardiographic abnormalities, including tall
P waves, PR interval prolongation, right bundle branch block (RBBB), and fragmented
QRS complexes. In younger patients, particular attention should be paid to findings on
the initial echocardiographic examination, including heart failure with reduced ejection
fraction (HFrEF), left atrial dilatation, dilatation of the right-sided cardiac chambers, and
pulmonary hypertension. In such cases, a detailed transthoracic echocardiographic (TTE)
assessment is warranted and should be complemented, when indicated, by additional imag-
ing modalities, including 3D TTE, 3D TEE, CT, CMR, and scintigraphy. Patients with CHD
frequently exhibit chromosomal abnormalities or aneuploidies; however, a high incidence
of de novo mutations has also been reported. Certain forms of CHD have a substantial
genetic component, as exemplified by bicuspid aortic valve (BAV), and therefore genetic
screening of family members should be considered when appropriate. In adult patients
presenting with newly diagnosed CHD, accurate recognition of clinical symptoms and
completion of an appropriate diagnostic workup are essential for establishing the diagnosis
and initiating timely treatment. Future research should focus on the development and
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validation of appropriate screening strategies for the early detection of congenital heart
diseases (CHDs).
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Abbreviations

The following abbreviations are used in this manuscript:

CHD Congenital heart diseases
ASD Atrial septal defect

PDA Patent ductus arteriosus

CA Coarctation of the aorta

ToF Tetralogy of Fallot

c«cTGA  Congenitally corrected transposition of the great arteries
MV Mitral valve

BAV Bicuspid aortic valve

RV Right ventricle

PV Pulmonary valve

VSD Ventricular septal defect

TGA Transposition of the great arteries

CAD Coronary artery disease

HF Heart failure

NYHA  New York Heart Association

RVOT Right ventricular outflow tract

HFpEF  Heart failure with preserved ejection fraction
HFrEF Heart failure with reduced ejection fraction
d-TGA  Dextro-transposition of the great arteries

AV Atrioventricular

AVRT Atrioventricular reciprocating tachycardia
VT Ventricular tachycardia

RBBB Right bundle branch block

PFO Patent foramen ovale

ECG Electrocardiography
WPW Wolff-Parkinson-White syndrome

2D Two-dimensional

3D Three-dimensional

4D Four-dimensional

GLS Global longitudinal strain
LA Left atrium
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TEE Transesophageal echocardiography
CMR Cardiac magnetic resonance imaging
CCT Cardiac computed tomography
PVR Pulmonary vascular resistance

AR Aortic regurgitation

AVSD Atrioventricular septal defects

TTE Transthoracic echocardiography
VS Interventricular septum

sPAP Systolic pulmonary artery pressure
DCRV  Double-chambered right ventricle
BSA Body surface area

RVEDV  Right ventricular end-diastolic volume
RVESV  Right ventricular end-systolic volume
DORV Double-outlet right ventricle

LVOT Left ventricular outflow tract

LVNC Left ventricular noncompaction

References

1. Moodie, D.S. Adult congenital heart disease. Ochsner ]. 2002, 4, 221-226.

2. Prica, M.; Kamalathasan, S.; Gopaul, K.; Warriner, D. Adult congenital heart disease: A review of the simple lesions. Br. ]. Hosp.
Med. 2022, 83, 1-12. [CrossRef]

3. Sadeghpour, A.; Kim, H.; Chamis, A.L. Undiagnosed Atrial Septal Defect in the Setting of Comorbidities and Ventricular Failure:
Seemingly Simple Disease with a Challenging Diagnosis. CASE 2023, 7, 72-80. [CrossRef]

4. Budts, W,; Prokselj, K.; Lovri¢, D.; Kacar, P.; Gatzoulis, M.A.; Brida, M. Adults with congenital heart disease: What every
cardiologist should know about their care. Eur. Heart ]. 2024, 45, 4783-4796. [CrossRef]

5. Stiller, B.; Grundmann, S.; Hohn, R.; Kari, FA.; Berger, F.; Baumgartner, H. Adults with congenital heart disease—A new,
expanding group of patients. Dtsch. Arztebl. Int. 2023, 120, 195-202. [CrossRef]

6. Raissadati, A.; Nieminen, H.; Jokinen, E.; Sairanen, H. Progress in Late Results Among Pediatric Cardiac Surgery Patients: A
Population-Based 6-Decade Study with 98% Follow-Up. Circulation 2015, 131, 347-353. [CrossRef]

7. Massin, M.M.; Dessy, H. Delayed recognition of congenital heart disease. Postgrad. Med. ]. 2006, 82, 468—470. [CrossRef]

8.  Mat Bah, M.; Sapian, M.; Alias, E. Birth prevalence and late diagnosis of critical congenital heart disease: A population-based
study from a middle-income country. Ann. Pediatr. Cardiol. 2020, 13, 320. [CrossRef]

9. Sharma, A.; Neupane, N.P.; Dhakal, P.; Sharma, S.; Sitaula, A.; Rajlawot, K. Complete interruption of aortic arch diagnosed in
adulthood: A case report. Radiol. Case Rep. 2022, 17, 3963-3965. [CrossRef]

10. Connolly, H.M.; Dearani, ].A.; Miranda, W.R. Ebstein Anomaly. J. Am. Coll. Cardiol. 2023, 81, 2431-2433. [CrossRef]

11. Goto, K.; Saito, A.; Tokiwa, H.; Umei, M.; Soma, K.; Mimura, I.; Inuzuka, R.; Hirata, Y.; Niwa, K.; Takeda, N.; et al. Uncorrected
Dextro-Transposition of the Great Arteries with Intact Ventricular Septum and Atrial Septal Defect Diagnosed After Developing
Heart Failure. CJC Pediatr. Congenit. Heart Dis. 2026, 5, 51-54. [CrossRef]

12.  Grittner, F.; Daehnert, I.; Gutberlet, M.; Lurz, P. Late diagnosis of a congenital apical ventricular septal defect with complete
closure by right ventricular trabeculations. Eur. Heart ].-Cardiovasc. Imaging 2014, 15, 230. [CrossRef]

13. Mecha, M.H.; Million, L.; Asefa, E.T. Navigating the clinical complexity of acute heart failure in an untreated adult with
dextrotransposition of the great arteries (D-TGA) and multiple cardiac anomalies: A case report and review of literature. J. Med.
Case Rep. 2025, 19, 476. [CrossRef]

14. Geva, T.; Martins, ].D.; Wald, R.M. Atrial septal defects. Lancet 2014, 383, 1921-1932. [CrossRef]

15.  Soni, R.; Morris, V.; Karfunkle, B. Syncope as the First Clue to a Congenital Heart Defect. JACEP Open 2025, 6, 100208. [CrossRef]

16. Jebali, F.; Ladib, A.; Chaouch, M.A.; Hidouri, S.; Daly, H.; Soussia, R.B. A case report of dyspnea that revealed a congenital left
cardiac diverticulum of discovery in adulthood with a fatal course. Int. J. Surg. Case Rep. 2025, 129, 111223. [CrossRef]

17.  Bannan, A.; Shen, R;; Silvestry, EE.; Herrmann, H.C. Characteristics of adult patients with atrial septal defects presenting with
paradoxical embolism. Catheter. Cardiovasc. Interv. 2009, 74, 1066-1069. [CrossRef]

18. Panduranga, V.T.; Masara, M.; Kurnick, A.; Talanki, V.; Chandrakumar, H.P.; Dubeym, S.; John, S. Undiagnosed Perimembranous
Ventricular Septal Defect. Presenting as Congestive Heart Failure in an Elderly Woman. JACC Case Rep. 2025, 30, 103901.
[CrossRef]

19. Martin, S.S.; Shapiro, E.P.; Mukherjee, M. Atrial Septal Defects—Clinical Manifestations, Echo Assessment, and Intervention. Clin.

Med. Insights Cardiol. 2014, 8, CMC.S15715. [CrossRef]

https:/ /doi.org/10.3390/jcdd 13090438


https://doi.org/10.12968/hmed.2021.0302
https://doi.org/10.1016/j.case.2022.09.010
https://doi.org/10.1093/eurheartj/ehae716
https://doi.org/10.3238/arztebl.m2023.0006
https://doi.org/10.1161/CIRCULATIONAHA.114.011190
https://doi.org/10.1136/pgmj.2005.044495
https://doi.org/10.4103/apc.APC_35_20
https://doi.org/10.1016/j.radcr.2022.07.084
https://doi.org/10.1016/j.jacc.2023.05.009
https://doi.org/10.1016/j.cjcpc.2025.06.003
https://doi.org/10.1093/ehjci/jet170
https://doi.org/10.1186/s13256-025-05239-6
https://doi.org/10.1016/S0140-6736(13)62145-5
https://doi.org/10.1016/j.acepjo.2025.100208
https://doi.org/10.1016/j.ijscr.2025.111223
https://doi.org/10.1002/ccd.22170
https://doi.org/10.1016/j.jaccas.2025.103901
https://doi.org/10.4137/CMC.S15715
https://doi.org/10.3390/jcdd13090438

J. Cardiovasc. Dev. Dis. 2026, 13, 438 20 of 23

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Lin, J.; Hefford, B.; Hefford, J.; Jacombs, E.; Solayar, R.; Kang, S.; Provenzano, S.C.J.; Matta, M.G. Coronary Embolism from a
Sinus Venosus ASD with PAPVD. JACC Case Rep. 2025, 30, 105220. [CrossRef]

Arnaert, S.; De Meester, P,; Troost, E.; Droogne, W.; Van Aelst, L.; Van Cleemput, J.; Voros, G.; Gewillig, M.; Cools, B.; Moons, P;
et al. Heart Failure Related to Adult Congenital Heart Disease: Prevalence, Outcome and Risk Factors. ESC Heart Fail. 2021,
8,2940-2950. [CrossRef]

Kaiser, A.E.; Husnain, M.; Alam, FL.; Murugan, S.K,; Kumar, R. Management of Fallot’s Uncorrected Tetralogy in Adulthood: A
Narrative Review. Cureus 2024, 16, e67063. [CrossRef]

Alipour Symakani, R.S.; van Genuchten, W.]J.; Zandbergen, L.M.; Henry, S.; Taverne, Y.J.H.J.; Merkus, D.; Helbing, W.A.; Bartelds,
B. The right ventricle in tetralogy of Fallot: Adaptation to sequential loading. Front. Pediatr. 2023, 11, 1098248. [CrossRef]
Higgins, C.B.; Mulder, D.G. Tetralogy of fallot in the adult. Am. J. Cardiol. 1972, 29, 837-846. [CrossRef]

Saleem, M.; Khan, A.; Abraheem, A.; Hamza, A. Unveiling Congenital Heart Disease in an Octogenarian: A Case of Late
Diagnosis of Patent Ductus Arteriosus Presenting with Heart Failure with a Preserved Ejection Fraction. Cureus 2024, 16, e69339.
[CrossRef]

Gaeta, S.A.; Ward, C.; Krasuski, R.A. Extra-cardiac manifestations of adult congenital heart disease. Trends Cardiovasc. Med. 2016,
26, 627-636. [CrossRef]

Lanz, J.; Brophy, ].M.; Therrien, J.; Kaouache, M.; Guo, L.; Marelli, A.J. Stroke in Adults with Congenital Heart Disease: Incidence,
Cumulative Risk, and Predictors. Circulation 2015, 132, 2385-2394. [CrossRef]

Zubrzycki, M.P.; Schramm, R.; Costard-Jackle, A.; Morshuis, M.; Gummert, J.E.; Zubrzycka, M. Pathogenesis and surgical
treatment of dextro-transposition of the great arteries (D-TGA): Part IL. J. Clin. Med. 2024, 13, 4823. [CrossRef]

Baumgartner, H.; De Backer, J.; Babu-Narayan, S.V.; Budts, W.; Chessa, M.; Diller, G.P; Iung, B.; Kluin, J.; Lang, I.M.; Meijboomet,
F; et al. 2020 ESC Guidelines for the management of adult congenital heart disease. Eur. Heart J. 2021, 42, 563-645. [CrossRef]
Wang, G.; Petropoulos, T.; Honjo, O.; Alonso-Gonzalez, R.; Luk, A.; Billia, F. De Novo Heart Failure in a 32-Year-Old Man from
Congenital Ostial Left Main Coronary Atresia. CJC Pediatr. Congenit. Heart Dis. 2025, 5, 185-188. [CrossRef]

Basso, C.; Boschello, M.; Perrone, C.; Mecenero, A.; Cera, A.; Bicego, D.; Thiene, G.; De Dominicis, E. An echocardiographic
survey of primary school children for bicuspid aortic valve. Am. ]. Cardiol. 2004, 93, 661-663. [CrossRef]

Siu, S.C,; Silversides, C.K. Bicuspid Aortic Valve Disease. J. Am. Coll. Cardiol. 2010, 55, 2789-2800. [CrossRef]

Michelena, H.I; Desjardins, V.A.; Avierinos, ].E; Russo, A.; Nkomo, V.T.; Sundt, T.M.; Pellikka, P.A.; Tajik, A.].; Enriquez-Sarano,
M. Natural History of Asymptomatic Patients with Normally Functioning or Minimally Dysfunctional Bicuspid Aortic Valve in
the Community. Circulation 2008, 117, 2776-2784. [CrossRef]

Jost, C.H.A.; Connolly, HM.; O’Leary, PW.; Warnes, C.A.; Tajik, A.].; Seward, J.B. Left Heart Lesions in Patients with Ebstein
Anomaly. Mayo Clin. Proc. 2005, 80, 361-368. [CrossRef]

Vazquez, C.G.; Flores, M.P; Yazdi, B.; Singh, S.; Jabr, D.; Ajmal, S.; Dugan, K. The hidden challenge: Late-diagnosed Ebstein’s
anomaly and the battle against postsurgical complications. Chest 2025, 168, A314—-A315. [CrossRef]

Holst, K.A.; Dearani, J.A.; Said, S.; Pike, R.B.; Connolly, H.M.; Cannon, B.C.; Session, K.L.; O’Byrne, M.M.; O’Leary, PW. Improving
Results of Surgery for Ebstein Anomaly: Where Are We After 235 Cone Repairs? Ann. Thorac. Surg. 2018, 105, 160-168. [CrossRef]
Schamroth Pravda, N.; Kalter-Leibovici, O.; Nir, A.; Lorber, A.; Dadashev, A.; Hirsch, R.; Benderly, M. Arrthythmia Burden Among
Adult Patients with Congenital Heart Disease: A Population-Based Study. . Am. Heart Assoc. 2024, 13, €031760. [CrossRef]
Anderson, R.H.; Ho, S.Y. The disposition of the conduction tissues in congenitally malformed hearts with reference to their
embryological development. J. Perinat. Med. 1991, 19, 201-206. [PubMed]

Hernandez-Madrid, A.; Paul, T.; Abrams, D.; Aziz, PF,; Blom, N.A.; Chen, ].; Chessa, M.; Combes, N.; Dagres, N.; Diller, G.; et al.
Arrhythmias in congenital heart disease: A position paper of the European Heart Rhythm Association (EHRA), Association
for European Paediatric and Congenital Cardiology (AEPC), and the European Society of Cardiology (ESC) Working Group on
Grown-up Congenital heart disease, endorsed by HRS, PACES, APHRS, and SOLAECE. EP Eur. 2018, 20, 1719-1753. [CrossRef]
Brugada, J.; Blom, N.; Sarquella-Brugada, G.; Blomstrom-Lundqvist, C.; Deanfield, J.; Janousek, J.; Abrams, D.; Bauersfeld, U.;
Brugada, R.; Drago, F; et al. Pharmacological and non-pharmacological therapy for arrhythmias in the pediatric population:
EHRA and AEPC-Arrhythmia Working Group joint consensus statement. EP Eur. 2013, 15, 1337-1382. [CrossRef]

Nozica, N.; Asatryan, B.; Aur, S.; Clement, J.B.; Schwerzmann, M.; Guan, F; Patrizio, P.; Matthias, G.; Firat, D.; Tobias, R.
Arrhythmias and Clinical Outcomes in a Swiss Multicenter Cohort of Patients with Dextro-Transposition of the Great Arteries
and Atrial Switch. . Am. Heart Assoc. 2023, 12, €028956. [CrossRef]

Epstein, M.R.; Saul, ]J.P.; Weindling, S.N.; Triedman, J.K.; Walsh, E.P. Atrioventricular Reciprocating Tachycardia Involving
Twin Atrioventricular Nodes in Patients with Complex Congenital Heart Disease. Cardiovasc. Electrophysiol. 2001, 12, 671-679.
[CrossRef]

Bessiere, F.; Waldmann, V.; Combes, N.; Metton, O.; Dib, N.; Mondésert, B.; O’Leary, E.; De Witt, E.; Carreon, C.K,; Sanders, S.P;
et al. Ventricular Arrhythmias in Adults With Congenital Heart Disease, Part I. ]. Am. Coll. Cardiol. 2023, 82, 1108-1120. [CrossRef]

https://doi.org/10.3390/jcdd 13090438


https://doi.org/10.1016/j.jaccas.2025.105220
https://doi.org/10.1002/ehf2.13378
https://doi.org/10.7759/cureus.67063
https://doi.org/10.3389/fped.2023.1098248
https://doi.org/10.1016/0002-9149(72)90504-8
https://doi.org/10.7759/cureus.69339
https://doi.org/10.1016/j.tcm.2016.04.004
https://doi.org/10.1161/CIRCULATIONAHA.115.011241
https://doi.org/10.3390/jcm13164823
https://doi.org/10.1093/eurheartj/ehaa554
https://doi.org/10.1016/j.cjcpc.2025.12.001
https://doi.org/10.1016/j.amjcard.2003.11.031
https://doi.org/10.1016/j.jacc.2009.12.068
https://doi.org/10.1161/CIRCULATIONAHA.107.740878
https://doi.org/10.4065/80.3.361
https://doi.org/10.1016/j.chest.2025.07.182
https://doi.org/10.1016/j.athoracsur.2017.09.058
https://doi.org/10.1161/JAHA.123.031760
https://www.ncbi.nlm.nih.gov/pubmed/1779360
https://doi.org/10.1093/europace/eux380
https://doi.org/10.1093/europace/eut082
https://doi.org/10.1161/JAHA.122.028956
https://doi.org/10.1046/j.1540-8167.2001.00671.x
https://doi.org/10.1016/j.jacc.2023.06.034
https://doi.org/10.3390/jcdd13090438

J. Cardiovasc. Dev. Dis. 2026, 13, 438 21 of 23

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.
67.

Lambert, J.; Oechslin, E.; Tsang, W.; Osten, M.D.; Thavendiranathan, P. Cor Triatriatum Sinister with Secundum Atrial Septal
Defect. CASE 2017, 1, 141-146. [CrossRef]

Correra, A.; Mauriello, A.; Di Peppo, M.; D’Andrea, A.; Russo, V.; Esposito, G.; Brunetti, N.D. Atrial Septal Defect and Heart
Rhythm Disorders: Physiopathological Linkage and Clinical Perspectives. Biomedicines 2025, 13, 2427. [CrossRef]

Udholm, S.; Nyboe, C.; Redington, A.; Nielsen-Kudsk, J.E.; Nielsen, J.C.; Hjortdal, V.E. Hidden burden of arrhythmias in patients
with small atrial septal defects: A nationwide study. Open Heart 2019, 6, €001056. [CrossRef]

Berger, F.; Vogel, M.; Kramer, A.; Alexi-Meskishvili, V.; Weng, Y.; Lange, PE.; Roland, H. Incidence of atrial flutter /fibrillation in
adults with atrial septal defect before and after surgery. Ann. Thorac. Surg. 1999, 68, 75-78. [CrossRef]

Bakalli, A.; Koginaj, D.; Georgievska-Ismail, L.; Bekteshi, T.; Pllana, E.; Sejdiu, B. Right bundle branch block as a marker for
interatrial septal abnormalities. Cardiol. Young 2012, 22, 18-25. [CrossRef]

Kumamoto, T.; Sanefuji, M.; Doi, H.; Minematsu, N.; Uki, N.; Matsuo, M. Electrocardiographic P-wave amplitude as a discrimina-
tive marker for pediatric atrial septal defects. J. Electrocardiol. 2026, 97, 154245. [CrossRef]

Hebe, ]J. Ebstein’s Anomaly in Adults. Arrhythmias: Diagnosis and Therapeutic Approach. Thorac. Cardiovasc. Surg. 2000,
48,214-219. [CrossRef]

Attenhofer Jost, C.H.; Connolly, HM.; Dearani, J.A.; Edwards, W.D.; Danielson, G.K. Ebstein’s Anomaly. Circulation 2007,
115, 277-285. [CrossRef]

Mayourian, J.; Asztalos, I.B.; EI-Bokl, A.; Lukyanenko, P.; Kobayashi, R.L.; La Cava, W.G.; Ghelani, S.J.; Vetter, V.L.; Triedman, J.K.
Electrocardiogram-based deep learning to predict left ventricular systolic dysfunction in paediatric and adult congenital heart
disease in the USA: A multicentre modelling study. Lancet Digit. Health 2025, 7, e264—e274. [CrossRef]

Li, W.; West, C.; McGhie, J.; van den Bosch, A.E.; Babu-Narayan, S.V.; Meijpboom, E; Mongeon, FP; Khairy, P.; Kimball, T.R,;
Beauchesne, L.M.; et al. Consensus recommendations for echocardiography in adults with congenital heart defects from the
International Society of Adult Congenital Heart Disease (ISACHD). Int. J. Cardiol. 2018, 272, 83. [CrossRef]

Wilcox, S.R.; Kabrhel, C.; Channick, R.N. Pulmonary Hypertension and Right Ventricular Failure in Emergency Medicine. Ann.
Emerg. Med. 2015, 66, 619-628. [CrossRef]

Lindor, R.A.; Heller, K.; Hodgson, N.R.; Kishi, P.; Monas, J.; Rappaport, D.; Thomas, A.; Urumov, A.; Walker, L.E.; Majdalany, D.S.
Adult Congenital Heart Disease in the Emergency Department. ]. Pers. Med. 2024, 14, 66. [CrossRef]

Krasemann, T.; van Osch-Gevers, L.; van de Woestijne, P. Cyanosis Due to an Isolated Atrial Septal Defect: Case Report and
Review of the Literature. Cardiol. Young 2020, 30, 1741-1743. [CrossRef]

Nashat, H.; Montanaro, C.; Li, W.; Kempny, A.; Wort, S.J.; Dimopoulos, K.; Gatzoulis, M.A.; Babu-Narayan, S.V. Atrial Septal
Defects and Pulmonary Arterial Hypertension. J. Thorac. Dis. 2018, 10, S2953-52965. [CrossRef]

Quadros, S.D.R,; Pavithran, S.; Agrawal, R.; Sivakumar, K. Coronary Sinus Atrial Septal Defect without Persistent Left Superior
Vena Cava: Three-Dimensional Imaging of a Rare Defect. Ann. Pediatr. Cardiol. 2018, 11, 103-105. [CrossRef]

Baumgartner, H.; De Backer, J.; Babu-Narayan, S.V.; Budts, W.; Chessa, M.; Diller, G.P.; Lung, B.; Kluin, ].; Lang, I.M.; Meijboom,
F.; et al. 2020 ESC Guidelines for the Management of Adult Congenital Heart Disease: The Task Force for the Management of
Adult Congenital Heart Disease of the European Society of Cardiology (ESC). Endorsed by: Association for European Paediatric
and Congenital Cardiology (AEPC), International Society for Adult Congenital Heart Disease (ISACHD). Eur. Heart |. 2010,
31, 2915-2957. [CrossRef]

Shub, C.; Dimopoulos, I.N.; Seward, J.B.; Callahan, J.A.; Tancredi, R.G.; Schattenberg, T.T.; Reeder, G.S.; Hagler, D.].; Tajik, A J.
Sensitivity of two-dimensional echocardiography in the direct visualization of atrial septal defect utilizing the subcostal approach:
Experience with 154 patients. J. Am. Coll. Cardiol. 1983, 2, 127-135. [CrossRef]

Qiu, J.K,; Bamira, D.; Vainrib, A.F; Latson, L.A.; Halpern, D.G.; Chun, A.; Muhamed, S. Multimodality Imaging of Sinus Venosus
Atrial Septal Defect: A Challenging Diagnosis in Adults. CASE 2022, 6, 107-113. [CrossRef]

Brida, M.; Chessa, M.; Celermajer, D.; Li, W.; Geva, T.; Khairy, P.; Griselli, M.; Baumgartner, H.; Gatzoulis, M.A. Atrial septal
defect in adulthood: A new paradigm for congenital heart disease. Eur. Heart J. 2022, 43, 2660-2671. [CrossRef]

Fusco, E; Borrelli, N.; Palma, M.; Sarubbi, B.; Scognamiglio, G. Imaging of ventricular septal defect: Native and post-repair. Int. J.
Cardiol. Congenit. Heart Dis. 2022, 7, 100335. [CrossRef]

Awasthy, N.; Radhakrishnan, S. Stepwise evaluation of left to right shunts by echocardiography. Indian Heart . 2013, 65, 201-218.
[CrossRef]

Moustafa, S.; Patton, D.J.; Alvarez, N.; Al Shanawani, M.; AlDossari, K.; Connelly, M.S.; Prieur, T.; Mookadam, F. Double
Chambered Right Ventricle with Ventricular Septal Defect in Adults: Case Series and Review of the Literature. J. Cardiovasc.
Ultrasound 2015, 23, 48. [CrossRef]

Edwards, W.D. Embryology and pathologic features of Ebstein’s anomaly. Prog. Pediatr. Cardiol. 1993, 2, 5-15. [CrossRef]
Seward, J.B. Ebstein’s Anomaly: Ultrasound Imaging and Hemodynamic Evaluation. Echocardiography 1993, 10, 641-664.
[CrossRef]

https://doi.org/10.3390/jcdd 13090438


https://doi.org/10.1016/j.case.2017.05.003
https://doi.org/10.3390/biomedicines13102427
https://doi.org/10.1136/openhrt-2019-001056
https://doi.org/10.1016/S0003-4975(99)00478-6
https://doi.org/10.1017/S1047951111000795
https://doi.org/10.1016/j.jelectrocard.2026.154245
https://doi.org/10.1055/s-2000-6897
https://doi.org/10.1161/CIRCULATIONAHA.106.619338
https://doi.org/10.1016/j.landig.2025.01.001
https://doi.org/10.1016/j.ijcard.2018.07.058
https://doi.org/10.1016/j.annemergmed.2015.07.525
https://doi.org/10.3390/jpm14010066
https://doi.org/10.1017/S1047951120002656
https://doi.org/10.21037/jtd.2018.08.92
https://doi.org/10.4103/apc.APC_122_17
https://doi.org/10.1093/eurheartj/ehq249
https://doi.org/10.1016/S0735-1097(83)80385-4
https://doi.org/10.1016/j.case.2021.12.002
https://doi.org/10.1093/eurheartj/ehab646
https://doi.org/10.1016/j.ijcchd.2022.100335
https://doi.org/10.1016/j.ihj.2013.03.003
https://doi.org/10.4250/jcu.2015.23.1.48
https://doi.org/10.1016/1058-9813(93)90042-X
https://doi.org/10.1111/j.1540-8175.1993.tb00082.x
https://doi.org/10.3390/jcdd13090438

J. Cardiovasc. Dev. Dis. 2026, 13, 438 22 of 23

68.

69.

70.

71.

72.

73.

74.

75.
76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.
89.

90.

91.

Dearani, J.A.; Danielson, G.K. Congenital Heart Surgery Nomenclature and Database Project: Ebstein’s anomaly and tricuspid
valve disease. Ann. Thorac. Surg. 2000, 69, 106-117. [CrossRef]

Anderson, K.R.; Zuberbuhler, ].R.; Anderson, R.H.; Becker, A.E.; Lie, ].T. Morphologic Spectrum of Ebstein’s Anomaly of the
Heart. Mayo Clin. Proc. 1979, 54, 174-180. [CrossRef]

Zaidi, A.; Oxborough, D.; Augustine, D.X.; Bedair, R.; Harkness, A.; Rana, B.; Robinson, S.; Badano, L.P. Echocardiographic
assessment of the tricuspid and pulmonary valves: A practical guideline from the British Society of Echocardiography. Echo Res.
Pract. 2020, 7, G95-G122. [CrossRef]

Crisan, S.; Baghind, R.M.; Luca, S.; Patru, O.; Lazar, M.A.; Vacarescu, C.; Rus, M.; Cozma, D.; Gaita, D.; Luca, C.T. From ECG to
Imaging: Challenges in the Diagnosis of Adult Congenital Heart Diseases. J. Clin. Med. 2024, 13, 4865. [CrossRef]

Yalonetsky, S.; Tobler, D.; Greutmann, M.; Crean, A.M.; Wintersperger, B.].; Nguyen, E.T.; Oechslin, E.N.; Silversides, C.K.; Wald,
R.M. Cardiac Magnetic Resonance Imaging and the Assessment of Ebstein Anomaly in Adults. Am. ]. Cardiol. 2011, 107, 767-773.
[CrossRef]

Apitz, C.; Webb, G.D.; Redington, A.N. Tetralogy of Fallot. Lancet 2009, 374, 1462-1471. [CrossRef]

Bertranou, E.G.; Blackstone, E.H.; Hazelrig, J.B.; Turner, M.E.; Kirklin, ].W. Life expectancy without surgery in tetralogy of fallot.
Am. ]. Cardiol. 1978, 42, 458-466. [CrossRef]

Bailliard, F.; Anderson, R.H. Tetralogy of Fallot. Orphanet |. Rare Dis. 2009, 4, 2. [CrossRef]

Usman, M.O.; Abubakar, H.A.; Ayoola, Y.A. Late Presentation of Tetralogy of Fallot and Uncommon Survival in A 31-Year-Old
Patient. Asploro J. Biomed. Clin. Case Rep. 2025, 8, 276-281. [CrossRef]

Warfaa, A.; Said, A.; Abdulahi, M.; Hassan, M. Surviving Unrepaired Tetralogy of Fallot to 43 Years in a Low-Resource Setting:
The Oldest Reported Case from Somalia. Int. Med. Case Rep. ]. 2025, 18, 827-835. [CrossRef]

Fisher, R.G.; Moodie, D.S.; Sterba, R.; Gill, C.C. Patent ductus arteriosus in adults-long-term follow-up: Nonsurgical versus
surgical treatment. J. Am. Coll. Cardiol. 1986, 8, 280-284. [CrossRef]

Silvilairat, S.; Cetta, F,; Biliciler-Denktas, G.; Ammash, N.M.; Cabalka, A K.; Hagler, D.J.; O'Leary, PW. Abdominal Aortic Pulsed
Wave Doppler Patterns Reliably Reflect Clinical Severity in Patients with Coarctation of the Aorta. Congenit. Heart Dis. 2008,
3, 422-430. [CrossRef]

Leo, I.; Sabatino, J.; Avesani, M.; Moscatelli, S.; Bianco, E; Borrelli, N.; de Sarro, R.; Leonardi, B.; Calcaterra, B.; Surkova, E.; et al.
Non-Invasive Imaging Assessment in Patients with Aortic Coarctation: A Contemporary Review. J. Clin. Med. 2023, 13, 28.
[CrossRef]

Menting, M.E.; Van Grootel, RW.J.; Van Den Bosch, A.E.; Eindhoven, J.A.; McGhie, ].S.; Cuypers, ].A.A.E.; Witsenburg,
M.; Helbing, H.A.; Roos-Hesselink, ].W. Quantitative assessment of systolic left ventricular function with speckle-tracking
echocardiography in adult patients with repaired aortic coarctation. Int. J. Cardiovasc. Imaging 2016, 32, 777-787. [CrossRef]
Egbe, A.C.; Miranda, W.R.; Oh, J.K.; Connolly, H.M. Prognostic implications of left heart diastolic dysfunction in adults with
coarctation of aorta. Eur. Heart ].-Cardiovasc. Imaging 2021, 22, 1332-1340. [CrossRef]

Sievers, H.H.; Schmidtke, C. A classification system for the bicuspid aortic valve from 304 surgical specimens. J. Thorac. Cardiovasc.
Surg. 2007, 133, 1226-1233. [CrossRef]

Chan, K.L.; Stinson, W.A.; Veinot, ].P. Reliability of transthoracic echocardiography in the assessment of aortic valve morphology:
Pathological correlation in 178 patients. Can. J. Cardiol. 1999, 15, 48-52. [PubMed]

Nees, S.N.; Chung, W.K. Genetic Basis of Human Congenital Heart Disease. Cold Spring Harb. Perspect. Biol. 2020, 12, a036749.
[CrossRef]

Jin, S.C.; Homsy, J.; Zaidi, S.; Lu, Q.; Morton, S.; DePalma, S.R.; Zeng, X.; Qi, H.; Chang, W.; Sienrant, M.C.; et al. Contribution of
rare inherited and de novo variants in 2,871 congenital heart disease probands. Nat. Genet. 2017, 49, 1593-1601. [CrossRef]
Hartman, R.J.; Rasmussen, S.A.; Botto, L.D.; Riehle-Colarusso, T.; Martin, C.L.; Cragan, ].D.; Shin, M.; Correa, A. The Contribution
of Chromosomal Abnormalities to Congenital Heart Defects: A Population-Based Study. Pediatr. Cardiol. 2011, 32, 1147-1157.
[CrossRef]

Sybert, V.P. Cardiovascular Malformations and Complications in Turner Syndrome. Pediatrics 1998, 101, el11. [CrossRef]

Ellesoe, S.G.; Johansen, M.M.; Bjerre, ].V.; Hjortdal, V.E.; Brunak, S.; Larsen, L.A. Familial Atrial Septal Defect and Sudden Cardiac
Death: Identification of a Novel NKX2-5 Mutation and a Review of the Literature: NKX2-5 Mutations in Familial ASD and
Sudden Cardiac Death. Congenit. Heart Dis. 2016, 11, 283-290. [CrossRef]

Garg, V,; Kathiriya, 1.S.; Barnes, R.; Schluterman, M.K,; King, I.N.; Butler, C.A.; Rothrock, C.R.; Eapen, R.S.; Hirayama-Yamada,
K.; Joo, K,; et al. GATA4 mutations cause human congenital heart defects and reveal an interaction with TBX5. Nature 2003,
424,443-447. [CrossRef]

Cripe, L.; Andelfinger, G.; Martin, L.J.; Shooner, K.; Benson, D.W. Bicuspid aortic valve is heritable. J. Am. Coll. Cardiol. 2004,
44,138-143. [CrossRef]

https:/ /doi.org/10.3390/jcdd 13090438


https://doi.org/10.1016/S0003-4975(99)01265-5
https://doi.org/10.1016/S0025-6196(25)19027-7
https://doi.org/10.1530/ERP-20-0033
https://doi.org/10.3390/jcm13164865
https://doi.org/10.1016/j.amjcard.2010.10.058
https://doi.org/10.1016/S0140-6736(09)60657-7
https://doi.org/10.1016/0002-9149(78)90941-4
https://doi.org/10.1186/1750-1172-4-2
https://doi.org/10.36502/2025/ASJBCCR.6427
https://doi.org/10.2147/IMCRJ.S529873
https://doi.org/10.1016/S0735-1097(86)80040-7
https://doi.org/10.1111/j.1747-0803.2008.00224.x
https://doi.org/10.3390/jcm13010028
https://doi.org/10.1007/s10554-016-0838-8
https://doi.org/10.1093/ehjci/jeab165
https://doi.org/10.1016/j.jtcvs.2007.01.039
https://www.ncbi.nlm.nih.gov/pubmed/10024858
https://doi.org/10.1101/cshperspect.a036749
https://doi.org/10.1038/ng.3970
https://doi.org/10.1007/s00246-011-0034-5
https://doi.org/10.1542/peds.101.1.e11
https://doi.org/10.1111/chd.12317
https://doi.org/10.1038/nature01827
https://doi.org/10.1016/j.jacc.2004.03.050
https://doi.org/10.3390/jcdd13090438

J. Cardiovasc. Dev. Dis. 2026, 13, 438 23 of 23

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

Martin, L.J.; Ramachandran, V.; Cripe, L.H.; Hinton, R.B.; Andelfinger, G.; Tabangin, M.; Shooner, K.; Keddache, M.; Benson,
D.W. Evidence in favor of linkage to human chromosomal regions 18q, 5q and 13q for bicuspid aortic valve and associated
cardiovascular malformations. Hum. Genet. 2007, 121, 275-284. [CrossRef]

Garg, V. Notch Signaling in Aortic Valve Development and Disease. In Etiology and Morphogenesis of Congenital Heart Disease;
Nakanishi, T., Markwald, R.R., Baldwin, H.S., Keller, B.B., Srivastava, D., Yamagishi, H., Eds.; Springer: Tokyo, Japan, 2016;
pp. 371-376. [CrossRef]

Budde, B.S.; Binner, P.; Waldmdiller, S.; Hohne, W.; Blankenfeldt, W.; Hassfeld, S.; Bromsen, J.; Dermintzoglou, A.; Wieczorek, M.;
May, E.; et al. Noncompaction of the Ventricular Myocardium Is Associated with a De Novo Mutation in the 3-Myosin Heavy
Chain Gene. PLoS ONE 2007, 2, e1362. [CrossRef]

@yen, N.; Poulsen, G.; Boyd, H.A.; Wohlfahrt, J.; Jensen, PK.A.; Melbye, M. Recurrence of Congenital Heart Defects in Families.
Circulation 2009, 120, 295-301. [CrossRef]

Iyer, PU.; Moreno, G.E.; Fernando Caneo, L.; Faiz, T.; Shekerdemian, L.S.; Iyer, K.S. Management of late presentation congenital
heart disease. Cardiol. Young 2017, 27, S31-S39. [CrossRef]

Nguyen, N.; Leon-Wyss, J.; Iyer, K.S.; Pezzella, A.T. Paediatric cardiac surgery in low-income and middle-income countries: A
continuing challenge. Arch. Dis. Child. 2015, 100, 1156-1159. [CrossRef]

Das, D.; Dutta, N.; Das, S.; Ghosh, S.; Chowdhuri, K.R. Late presentation of congenital heart diseases in low- and middle-income
countries: Impact on outcomes. Indian. |. Thorac. Cardiovasc. Surg. 2025, 41, 704-717. [CrossRef]

Rahajoe, A.U. Management of patients with congenitally malformed hearts in Indonesia. Cardiol. Young 2007, 17, 584-588.
[CrossRef]

Hayakawa, H.; Momma, K.; Takao, A. Natural history of atrial septal defect with pulmonary hypertension: Follow-up of
medically treated patients over 16 years of age. . Cardiol. 1994, 24, 107-113.

Ellis, ].H.; Moodie, D.S.; Sterba, R.; Gill, C.C. Ventricular septal defect in the adult: Natural and unnatural history. Am. Heart ].
1987, 114, 115-120. [CrossRef]

Campbell, M. Natural history of coarctation of the aorta. Heart 1970, 32, 633-640. [CrossRef]

Diller, G.P.; Kempny, A.; Inuzuka, R.; Radke, R.; Wort, S.J.; Baumgartner, H.; Gatzoulis, M.; Dimopoulos, K. Survival prospects
of treatment naive patients with Eisenmenger: A systematic review of the literature and report of own experience. Heart 2014,
100, 1366-1372. [CrossRef]

Ejaz, H.; Thyyib, T.; Ibrahim, A.; Nishat, A.; Malay, J. Role of artificial intelligence in early detection of congenital heart diseases in
neonates. Front. Digit. Health 2023, 5, 1345814. [CrossRef]

Sakai, A.; Komatsu, M.; Komatsu, R.; Matsuoka, R.; Yasutomi, S.; Dozen, A.; Shozu, K.; Arakaki, T.; Machino, H.; Asada, K.; et al.
Medical Professional Enhancement Using Explainable Artificial Intelligence in Fetal Cardiac Ultrasound Screening. Biomedicines
2022, 10, 551. [CrossRef]

Lv, ]J.; Dong, B.; Lei, H.; Shi, G.; Wang, H.; Zhu, F; Wen, C.; Zhang, Q.; Fu, L.; Gu, X,; et al. Artificial intelligence-assisted
auscultation in detecting congenital heart disease. Eur. Heart ].-Digit. Health 2021, 2, 119-124. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.

https:/ /doi.org/10.3390/jcdd 13090438


https://doi.org/10.1007/s00439-006-0316-9
https://doi.org/10.1007/978-4-431-54628-3_53
https://doi.org/10.1371/journal.pone.0001362
https://doi.org/10.1161/CIRCULATIONAHA.109.857987
https://doi.org/10.1017/S1047951117002591
https://doi.org/10.1136/archdischild-2015-308173
https://doi.org/10.1007/s12055-024-01771-0
https://doi.org/10.1017/S1047951107001588
https://doi.org/10.1016/0002-8703(87)90315-2
https://doi.org/10.1136/hrt.32.5.633
https://doi.org/10.1136/heartjnl-2014-305690
https://doi.org/10.3389/fdgth.2023.1345814
https://doi.org/10.3390/biomedicines10030551
https://doi.org/10.1093/ehjdh/ztaa017
https://doi.org/10.3390/jcdd13090438

	Introduction 
	Materials and Methods 
	Clinical Presentation of Adults with First Diagnosed CHD 
	Electrocardiographic Findings and Common Cardiac Arrhythmias in Adults with First Diagnosed Congenital Heart Disease 
	Echocardiographic and Other Imaging Findings in Adults with First Diagnosed Congenital Heart Disease 
	Genetic Test Results in Adults with First Diagnosed Congenital Heart Disease 
	Discussion 
	Conclusions 
	References

