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Abstract 
Atrioventricular septal defect (AVSD) is a complex congenital heart defect characterized by abnormal endocardial 

cushion formation, leading to atrial and ventricular septal defects and atrioventricular valve anomalies. AVSD accounts for 
approximately 7% of all congenital heart defects and is frequently associated with Down syndrome. Without surgical 
intervention, patients with complete AVSD are at high risk of developing pulmonary hypertension and heart failure. Modern 
imaging techniques allow for precise anatomical assessment and optimization of surgical treatment. This study aims to 
investigate the etiology, pathogenesis, classification, modern diagnostic methods, and surgical correction techniques for 
AVSD.A review of publications from electronic databases PubMed, MEDLINE, Web of Science, Google Scholar, and an 
electronic library was conducted using relevant keywords over the past 10 years. A total of 50 sources were included, while 
duplicate publications and conference abstracts were excluded. Genetic and epigenetic factors, particularly mutations 
affecting endocardial cushion development, play a significant role in AVSD formation. Impaired cell migration leads to various 
AVSD subtypes. Modern radiological diagnostic techniques enable accurate defect evaluation. Surgical correction, including 
the double-patch and single-patch techniques, remains the primary treatment. In complex cases, palliative surgical 
approaches are employed. Modern diagnostic and surgical methods significantly improve the prognosis of AVSD patients. 
Genetic research facilitates early detection, while advanced surgical techniques reduce the risk of complications. A 
comprehensive approach integrating etiological research, pathogenetic modeling, precise diagnosis, and surgical 
interventions is key to the effective management of AVSD. 
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Атриовентрикулярный септальный дефект (AVSD) — сложный врожденный порок сердца, характеризующийся 
нарушением формирования эндокардиальных валиков, что приводит к дефектам межпредсердной и 
межжелудочковой перегородок, а также аномалиям атриовентрикулярных клапанов. AVSD составляет 7% всех 
врожденных пороков сердца и часто встречается при синдроме Дауна. Без хирургического вмешательства пациенты 
с полной формой AVSD подвержены высокому риску легочной гипертензии и сердечной недостаточности. 
Современные методы визуализации позволяют точно оценить анатомию порока и оптимизировать хирургическое 
лечение. Целью исследования является изучение этиологии, патогенеза, классификации, современных методов 
диагностики и хирургической коррекции атриовентрикулярного септального дефекта. Проанализированы публикации 
в электронных базах данных PubMed, MEDLINE, Web of Science, Google Scholar и электронной библиотеке с 
использованием ключевых слов за последние 10 лет. В исследование были включены 50 источник, при этом 
дублирующиеся публикации и материалы конференций были исключены. В развитии AVSD значительную роль 
играют генетические и эпигенетические факторы, особенно мутации, влияющие на формирование эндокардиальных 
валиков. Нарушение миграции клеток приводит к различным формам AVSD. Современные методы лучевой 
диагностики позволяют точно оценить анатомию дефекта. Хирургическая коррекция, включая технику двойного и 
одинарного патча, является основным методом лечения. В сложных случаях применяется паллиативная хирургия. 
Современные диагностические и хирургические методы улучшают прогноз пациентов с AVSD. Генетические 
исследования способствуют раннему выявлению, а современные хирургические технологии снижают риск 
осложнений. Комплексный подход является ключевым в эффективном лечении AVSD. 

Ключевые слова: атриовентрикулярный септальный дефект, этиология, патогенез, визуальная 
диагностика, хирургическая коррекция. 
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Атриовентрикулярлық септальды ақау (AVSD) – эндокардиальды жастықшалардың дұрыс қалыптаспауынан 

жүрек аралық және қарынша аралық перделердің ақаулары мен атриовентрикулярлық қақпақшалардың 

аномалиялары дамитын күрделі туа біткен жүрек ақауы. AVSD барлық туа біткен жүрек ақауларының 7%-ын 

құрайды және көбінесе Даун синдромы бар науқастарда кездеседі. Хирургиялық араласусыз толық AVSD бар 

науқастар өкпе гипертензиясы мен жүрек жеткіліксіздігінің жоғары қаупіне ұшырайды. Заманауи визуализация 
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әдістері ақаудың анатомиясын дәл бағалауға және хирургиялық емдеуді оңтайландыруға мүмкіндік береді. Бұл 

зерттеудің мақсаты – AVSD-нің этиологиясын, патогенезін, жіктелуін, заманауи диагностика әдістері мен 

хирургиялық түзету тәсілдерін зерттеу. PubMed, MEDLINE, Web of Science, Google Scholar электрондық 

дерекқорларындағы соңғы 10 жылдағы жарияланымдарға шолу жасалды. Жалпы 50 дереккөз қамтылды, 

қайталанған басылымдар мен конференция материалдары алынып тасталды. 

AVSD қалыптасуында генетикалық және эпигенетикалық факторлар, әсіресе эндокардиальды 

жастықшалардың дамуына әсер ететін мутациялар, маңызды рөл атқарады. Эмбрионалды жасушалардың 

миграциясының бұзылуы ақаудың әртүрлі түрлерінің дамуына әкеледі. Заманауи радиологиялық диагностика 

әдістері ақаудың анатомиялық ерекшеліктерін дәл анықтауға мүмкіндік береді. Қос патч және бір патч әдістерін 

қамтитын хирургиялық түзету – AVSD емдеудің негізгі тәсілі болып табылады. Күрделі жағдайларда паллиативті 

хирургия қолданылады. Заманауи диагностикалық және хирургиялық әдістер AVSD бар науқастардың болжамын 

едәуір жақсартады. Генетикалық зерттеулер ақаудың ерте анықталуына ықпал етеді, ал жетілдірілген хирургиялық 

технологиялар асқыну қаупін төмендетеді. Этиологиялық зерттеу, патогенезді модельдеу, дәл диагностика және 

хирургиялық араласу әдістерін біріктіретін кешенді көзқарас AVSD басқарудағы негізгі стратегия болып табылады. 

Түйінді сөздер: атриовентрикулярлық септальды ақау, этиология, патогенез, визуалды диагностика, 

хирургиялық түзету. 
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Introduction 
Atrioventricular septal defect (AVSD) is a significant 

congenital heart anomaly that arises from improper 
development of the endocardial cushions during 
embryogenesis. It is characterized by a common 
atrioventricular junction, defects in the atrial and ventricular 
septa, and abnormalities in the atrioventricular valves. 
AVSD is classified into partial, intermediate, and complete 
forms based on the extent of septal involvement and the 
structural abnormalities of the valves. This condition 
represents approximately 7% of all congenital heart defects 
and has a notably higher prevalence in individuals with 
Down syndrome, accounting for 40–50% of cases in this 
population [34, 32, 10, 31, 29, 13]. 

Clinically, AVSD poses significant challenges due to its 
impact on hemodynamics. Left-to-right shunting of blood 
through septal defects, atrioventricular valve regurgitation, 
and increased pulmonary blood flow contribute to 
progressive heart failure and pulmonary hypertension if 
untreated. Moreover, the spectrum of clinical manifestations 
varies widely, ranging from asymptomatic cases to severe 
presentations in infancy [32, 25, 43, 13, 16]. 

Radiological imaging plays a crucial role in diagnosing 
and evaluating AVSD. Echocardiography remains the first-
line modality, providing detailed visualization of the common 
atrioventricular junction and associated anomalies. 
However, advances in cardiac computed tomography (CT) 
have enhanced diagnostic precision, offering high-
resolution, three-dimensional reconstructions for complex 
cases. Notable radiological features, such as the 
"gooseneck sign," serve as key indicators in imaging 
studies [24, 43, 19, 3, 7]. 

Surgical correction is the cornerstone of AVSD 
management, with early intervention recommended to 
prevent irreversible pulmonary vascular disease. 
Techniques such as double-patch and modified single-
patch repairs are commonly employed, each with distinct 

advantages. Recent studies have demonstrated 
comparable long-term survival and event-free outcomes 
between these techniques, underscoring the importance of 
individualized surgical planning [9, 23, 4, 20]. 

Despite advancements in treatment, challenges persist, 
including postoperative complications such as 
atrioventricular valve regurgitation and arrhythmias. The 
development of minimally invasive approaches and refined 
imaging technologies continues to improve outcomes and 
expand treatment options for AVSD [1, 2, 44, 30, 12, 20]. 

Given the significant clinical burden and evolving 
management strategies, this review aims to provide a 
comprehensive synthesis of current knowledge on AVSD. 
Emphasis is placed on the role of advanced imaging 
modalities in diagnosis, the outcomes of various surgical 
techniques, and emerging therapeutic approaches to 
optimize care for affected individuals. 

The purpose of this review was to explore the 
etiology, pathogenesis, methods for diagnosing 
atrioventricular septal defect (AVSD), focusing on improving 
screening sensitivity and diagnostic accuracy, as well as 
optimizing surgical correction strategies to enhance patient 
outcomes. 

Search strategy. A review of publications from 
electronic databases PubMed, MEDLINE, Web of Science, 
Google Scholar, and an electronic library was conducted 
using relevant keywords over the past 10 years. A total of 
51 sources were included, while duplicate publications and 
conference abstracts were excluded. 

Discussion 
Epidemiology of Atrioventricular Septal Defect 

(AVSD) 
1. Prevalence of AVSD 
AVSD is one of the most common forms of congenital 

heart defects, accounting for approximately 7% of all 
congenital heart anomalies. The global prevalence is 
around 2 per 10,000 live births, emphasizing the 
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significance of this condition in pediatric cardiology [34, 50, 
8, 48, 16, 4]. A particularly high prevalence is observed in 
patients with Down syndrome, where AVSD is detected in 
40–50% of cases, making this defect a key marker in this 
genetic condition [13]. 

2. Global Variability 
A meta-analysis of data from 1970 to 2017 revealed 

significant geographic heterogeneity in the prevalence of 
congenital heart defects, including AVSD. According to 
studies conducted in various regions, Asia demonstrates 
the highest incidence rate—9,342 cases per 1,000 live 
births, surpassing Europe and North America, where 
diagnostic and registration practices are more 
comprehensive. In Africa, however, the lowest prevalence 
rates have been recorded—2,315 cases per 1,000, likely 
due to limited diagnostic capabilities and restricted access 
to healthcare services [50, 41, 5, 28, 33]. 

3. Gender Differences 
According to epidemiological studies, AVSD occurs at a 

similar frequency in males and females, except for certain 
subtypes of the defect, where minor gender differences 
have been noted. However, these data require further 
confirmation in larger study populations [13]. 

4. Age and Clinical Presentation 
AVSD is most commonly diagnosed within the first few 

months of life due to severe hemodynamic disturbances. In 
adult patients, the defect is rarely detected, usually in the 
form of partial AVSD, such as ostium primum defects or 
isolated valvular abnormalities [37]. 

Without surgical intervention, children with AVSD face a 
high risk of developing pulmonary hypertension, heart 
failure, and early mortality [12, 4]. 

5. Risk Factors and Associations 
● Genetic Factors: Down syndrome remains the most 

significant association with AVSD, increasing the likelihood 
of this defect by 200 times compared to the general 
population [34, 50, 24, 15, 13, 4]. 

● Teratogenic Factors: Exposure to teratogens, 
including maternal diabetes and intrauterine alcohol 
exposure, has also been linked to an increased risk of 
AVSD [34, 50, 24, 15, 33]. 

● Regional Characteristics: The availability of medical 
care and early diagnosis significantly influence the detection 
rate of the defect, particularly in developing countries [34, 
50, 24, 15, 27, 33]. 

6. Trends in Incidence Over Time 
Meta-analysis data indicate an increase in diagnosed 

cases of AVSD from 1995 to 2017. This trend is attributed 
to advancements in imaging techniques, such as 
echocardiography and CT, and the earlier detection of less 
severe forms of the defect, including partial AVSD [35, 42, 
33, 3]. 

Conversely, the incidence of severe cases, such as left 
ventricular outflow tract obstructions, has decreased, likely 
due to improvements in prenatal diagnostics and medical 
decision-making, including termination of pregnancy in 
cases of severe fetal anomalies [45, 17, 33, 12]. 

7. Importance of Epidemiological Studies 
Epidemiological data play a crucial role in planning 

healthcare services and resource allocation for the 
treatment of AVSD. Improving access to modern diagnostic 
technologies in developing countries could significantly 

impact morbidity and mortality rates associated with this 
defect [34, 50, 24, 15, 33]. 

Pathogenesis of Atrioventricular Septal Defect (AVSD) 
1. Key Mechanisms of Pathogenesis 
AVSD develops due to abnormal embryonic formation 

of endocardial cushions, which play a crucial role in 
separating the common atrioventricular canal into two 
distinct atrioventricular orifices. These cushions contribute 
to the development of the atrioventricular valves, atrial 
septum, and ventricular septum. Disruptions in this process 
lead to various anomalies, including: 

● The formation of a common atrioventricular junction. 
● The presence of atrial and/or ventricular septal 

defects. 
● Valve anomalies, including fusion, cleft formation, or 

underdevelopment of valve leaflets 15, 31, 29, 13]. 
2. Role of Endocardial Cushions 
Endocardial cushions are mesenchymal structures that 

form due to the epithelial-mesenchymal transition (EMT) of 
endocardial cells. These cells migrate, proliferate, and fuse 
to create the structural framework of the heart. Disruptions 
at any stage of this process - such as deficient migration or 
improper differentiation - result in the characteristic 
malformations observed in AVSD [42, 31, 29]. 

3. Embryonic Development of the Heart 
● Weeks 4–5: Formation of the primary heart tube, 

division of the atria and ventricles, and emergence of 
endocardial cushions. 

● Weeks 6–7: Fusion of the endocardial cushions and 
initiation of atrioventricular septation. 

● Weeks 7–8: Completion of atrial and ventricular 
septation and formation of the atrioventricular valves [29, 12]. 

In AVSD, the fusion of cushions and septation process 
is impaired, leading to: 

● Deficiency of mesenchymal cells. 
● Misalignment of valve leaflets. 
● Formation of a common valve instead of two distinct 

mitral and tricuspid valves. 
4. Genetic Factors 
● Chromosomal Abnormalities: The most significant risk 

factor for AVSD is trisomy 21 (Down syndrome). Patients 
with Down syndrome exhibit defects in signaling pathways, 
such as the Notch pathway, which is crucial for endocardial 
cushion development [13]. 

● Genetic Mutations: Mutations in genes such as 
GATA4, NKX2-5, and CRELD1 contribute to the 
pathogenesis of AVSD. These genes regulate cell 
migration, proliferation, and apoptosis during heart 
development [31, 16]. 

5. Hemodynamic Abnormalities 
● Blood Shunting: In the presence of atrial and/or 

ventricular septal defects, blood is shunted from the left 
heart chambers to the right, causing pulmonary 
overcirculation and increasing the risk of pulmonary 
hypertension [13, 12]. 

● Valve Dysfunction: Insufficiency of the common 
atrioventricular valve leads to regurgitation and volume 
overload of the ventricles, contributing to the progression of 
heart failure [37, 20]. 

6. Role of Radiological Findings in Understanding 
Pathogenesis 
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Radiological techniques, such as CT and 
echocardiography, allow visualization of key pathogenetic 
features of AVSD, including: 

● The common valve and its abnormal orientation. 
● Atrial and ventricular septal defects. 
● Right heart hypertrophy due to volume overload [3, 7]. 
7. Influence of Environmental and Epigenetic 

Factors 
● Maternal Factors: Conditions such as maternal 

diabetes, intrauterine alcohol exposure, and certain 
medications (e.g., lithium) increase the risk of AVSD. 

● Epigenetic Changes: DNA methylation abnormalities 
and microRNA dysregulation affect the expression of genes 
involved in endocardial cushion development [33, 12]. 

8. Future Perspectives in AVSD Pathogenesis 
Research 

Current research is focused on: 
● Identifying novel genes and molecular pathways 

involved in endocardial cushion development. 
● Exploring regenerative medicine approaches, such as 

stem cell therapy, to correct defects at the embryonic 
development stage 16, 4]. 

Modern Radiological Methods for Diagnosing 
Atrioventricular Septal Defect (AVSD) 

Radiological diagnosis of atrioventricular septal defect 
(AVSD) plays a key role in preoperative planning, 
evaluating the hemodynamic consequences of the defect, 
and monitoring the patient's postoperative condition. 
Modern imaging techniques include echocardiography 
(ECHO), computed tomography (CT), magnetic resonance 
imaging (MRI), and angiography, each of which offers 
specific capabilities for detailed assessment of heart 
anatomy. 

Echocardiography in AVSD Diagnosis 
Echocardiography remains the primary diagnostic 

method for AVSD, providing real-time anatomical and 
hemodynamic information. Modern echocardiographic 
techniques include two-dimensional (2D), three-dimensional 
(3D) echocardiography, and prenatal fetal 
echocardiography. 

● Two-dimensional echocardiography (2D-ECHO) helps 
identify the common atrioventricular valve, assess the size 
of atrial and ventricular septal defects, and determine the 
degree of regurgitation. The study by Singh P. et al. (2010) 
demonstrated that 2D-ECHO has high accuracy in 
visualizing valvular structures, particularly in young children 
[2, 27, 11, 40, 44, 46]. 

● Three-dimensional echocardiography (3D-ECHO) 
provides more detailed volumetric images, which are 
particularly useful for evaluating the atrioventricular valve 
and planning surgical intervention. According to 
Jegatheeswaran A. et al. (2010), 3D-ECHO significantly 
improves the diagnosis of valve leaflet clefts and residual 
defects after surgery [26]. 

● Transthoracic echocardiography (TTE) is the first-line 
diagnostic tool for AVSD suspicion. Atik E. et al. (2019) 
reported that TTE is effective in detecting primary atrial 
septal defects, valvular anomalies, and the degree of 
atrioventricular valve regurgitation [6, 12]. 

● Transesophageal echocardiography (TEE) allows for 
a more detailed visualization of valvular anatomy and 
adjacent structures, especially in complex cases. Wang G. 

et al. (2020) highlighted that 3D-TEE enhances the 
assessment of valve anatomy and function, which is critical 
for preoperative planning [12, 20, 47]. 

● Prenatal echocardiography, particularly the FINE 
(Fetal Intelligent Navigation Echocardiography) method, has 
demonstrated high efficacy in detecting AVSD in fetuses. 
Veronese P. et al. (2023) noted that this technique allows 
for highly accurate automatic visualization of standard 
cardiac views and congenital defects [46]. 

Computed Tomography in AVSD Diagnosis 
Computed tomography (CT) plays a crucial role in 

diagnosing complex anatomical variants of AVSD. Unlike 
echocardiography, CT provides high-resolution three-
dimensional images, which are particularly useful for 
preoperative surgical planning. 

● Multislice CT (MSCT) is used for detailed assessment 
of septal defects, atrioventricular valves, and major vessels. 
The study by Yoshitake S. et al. (2020) confirmed that 
phase-contrast CT accurately determines the location of the 
atrioventricular conduction system, reducing the risk of 
conduction system injury during surgery [1, 36, 40, 49]. 

● The study by Balpande N. et al. (2022) demonstrated 
that CT can detect the “gooseneck sign” characteristic of 
AVSD, a feature previously identified only in angiographic 
studies. This finding underscores the importance of CT 
imaging in visualizing endocardial cushion defects [1, 2, 3, 
7, 9, 23]. 

● Nunes M. et al. (2021) found that modern low-dose 
CT protocols minimize radiation exposure while maintaining 
high image quality. The authors emphasized that CT is 
particularly useful for assessing the anatomy of major 
vessels, determining defect size, and clarifying valve 
apparatus status [ 7, 9,13, 28]. 

● High-speed dual spiral CT reduces radiation 
exposure, making it the preferred imaging modality for 
children. Goo H.W. et al. (2018) demonstrated that ECG-
synchronized CT enhances the accuracy of coronary vessel 
imaging and minimizes motion artifacts [22, 36, 38]. 

Magnetic Resonance Imaging in AVSD Diagnosis 
Cardiac MRI is an indispensable diagnostic tool for 

AVSD, especially when echocardiographic visualization is 
limited. 

● The study by Elders B. et al. (2019) demonstrated that 
4D flow MRI allows for a detailed assessment of 
hemodynamic parameters, including wall shear stress of the 
aorta, which can change in AVSD patients after surgical 
correction. These findings highlight the importance of MRI 
in long-term patient monitoring [6, 16, 27, 48]. 

● Schumacher K. et al. (2023) showed that one of the 
key postoperative complications of AVSD repair is residual 
atrioventricular valve regurgitation, making MRI the 
preferred method for long-term monitoring of such patients 
[27, 38, 49]. 

● Contrast-enhanced MRI allows for the detection of 
myocardial fibrosis, which is crucial for prognosis in AVSD 
patients. Alsoufi B. et al. (2019) also noted that MRI plays a 
critical role in evaluating residual shunts and valvular 
dysfunctions following AVSD surgical correction [4, 16, 27]. 

Angiography and Cardiac Catheterization 
Cardiac catheterization and angiography are used in 

complex anatomical forms of AVSD, particularly when 
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precise measurements of pulmonary artery pressure and 
cardiac chamber pressures are required. 

● Nicolay S. et al. (2015) emphasized that angiography 
remains the "gold standard" for intracardiac shunt 
assessment and is crucial for determining pulmonary 
vascular resistance before surgery [23, 30, 33]. 

● The study by Deri & English (2018) confirmed that 
angiography is an essential tool for evaluating pulmonary 
vascular resistance before surgery, particularly in cases 
with high pulmonary hypertension risk [30, 18]. 

● Modern non-invasive techniques, such as CT 
angiography (CTA), provide high-quality cardiovascular 
imaging without the need for invasive catheterization. The 
study by Chen S.J. et al. (2017) compared ECG-
synchronized CTA with traditional angiography, 
demonstrating that CTA offers high diagnostic accuracy 
with reduced radiation exposure [30, 36, 48]. 

Modern radiological methods significantly enhance the 
diagnostic accuracy, surgical planning, and postoperative 
monitoring of AVSD: 

● Echocardiography (2D, 3D, TEE, fetal) remains the 
primary diagnostic tool, offering real-time hemodynamic and 
structural assessment. 

● CT imaging (MSCT, phase-contrast, ECG-
synchronized) is crucial for detailed anatomical assessment 
and preoperative planning. 

● MRI is essential for functional evaluation, long-term 
postoperative monitoring, and fibrosis detection. 

● Angiography and cardiac catheterization remain vital 
in complex cases, particularly for hemodynamic 
assessment and surgical decision-making. 

Advances in imaging techniques have improved AVSD 
detection rates, reduced the need for invasive procedures, 
and contributed to better surgical outcomes and long-term 
patient management. 

Table 1.  
Сomparative analysis of methods. 

Method Advantages Limitations 

Echocardiography (2D, 
3D, TEE, fetal) 

Accessibility, non-invasiveness, real-time 
hemodynamic assessment 

Limited image quality in obese patients or 
those with post-surgical changes 

Computed Tomography 
(MSCT, CTA) 

High spatial resolution, ability to generate 3D 
reconstructions 

Radiation exposure, need for contrast 
administration 

MRI (4D flow, contrast-
enhanced) 

High tissue contrast, functional assessment 
capabilities 

Long scan duration, contraindications for 
patients with metallic implants 

Angiography Gold standard for shunt evaluation, direct 
hemodynamic measurement possible 

Invasiveness, risk of complications 

 

Each radiological diagnostic method for AVSD has its 
own specific characteristics. The use of modern radiological 
techniques significantly improves the detection of this 
pathology, facilitates surgical planning, and ensures 
postoperative patient monitoring. Echocardiography 
remains the primary diagnostic method, while CT and MRI 
play a crucial role in refining anatomical details, functional 
assessment, and predicting surgical outcomes. 
Angiography continues to be used in complex cases and 
prior to surgical intervention. The combination of these 
methods provides a comprehensive approach to AVSD 
diagnosis and treatment. 

Recent studies (Jegatheeswaran A. et al., Singh P. et 
al., Yoshitake S. et al., Schumacher et al.) confirm that a 
multidisciplinary approach to radiological AVSD diagnosis 
significantly increases diagnostic accuracy and improves 
patient prognosis [18, 49, 22, 26, 46, 40]. 

Classification of Atrioventricular Septal Defect 
(AVSD) 

Atrioventricular septal defects (AVSD) represent a 
heterogeneous group of congenital heart defects that vary 
in anatomical configuration, presence, and severity of septal 
and valvular abnormalities. Based on anatomical 
characteristics, AVSD can be classified into complete, 
partial, and intermediate forms. 

Rastelli Classification 
The Rastelli classification is based on the attachment of 

the superior bridging leaflet to the interventricular septum 
and distinguishes three types of AVSD: 

● Type A – The bridging leaflet attaches to the crest of 
the interventricular septum, creating a minimal defect. 

● Type B – The leaflet extends across the 
interventricular septum and attaches to an abnormal 
papillary muscle structure in the right ventricle. 

● Type C – The leaflet remains free and does not attach 
to the septum, leading to a large defect. 

 
This classification was first detailed in the study by 

Singh P. et al. (2010) in the journal Echocardiography, 
highlighting its importance in preoperative planning and 
patient prognosis [40, 46]. 

Balanced and Unbalanced Forms of AVSD 
AVSD can also be classified based on the balance 

between the right and left ventricles. This classification is 
particularly important for determining surgical strategy. 
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● Balanced AVSD (bAVSD) – The common 
atrioventricular (AV) valve is positioned to allow relatively 
equal ventricular filling. 

● Unbalanced AVSD (uAVSD) – The septum is shifted 
toward one ventricle, causing hypoplasia of the affected 
ventricle and hemodynamic disturbances. 

The study by Jegatheeswaran A. et al. (2010) 
demonstrated that unbalanced forms of AVSD significantly 
increase the risk of surgical intervention and are associated 
with higher mortality [26]. 

Classification Based on Blood Shunting Levels 
Another classification method for AVSD is based on the 

level of pathological blood shunting: 
● Atrial-level defect (ostium primum defect) – Blood 

shunts from the left atrium to the right atrium. 
● Ventricular-level defect – Blood shunts through a hole 

in the interventricular septum. 
● Combined defect – Shunting occurs at both the atrial 

and ventricular levels. 
This classification is used to clarify the clinical 

presentation of AVSD and guide treatment strategies [47]. 
Anatomical Variations 
There are also anatomical subtypes of AVSD that may 

be associated with other congenital anomalies, such as 
hypoplastic left heart syndrome, tetralogy of Fallot, and 
transposition of the great arteries. These features must be 
considered when selecting a surgical strategy, as 
highlighted in the study by Jegatheeswaran A. et al. (2010). 

Thus, the classification of AVSD plays a crucial role in 
diagnosis, prognosis, and the selection of surgical tactics. 
Based on echocardiography, CT, and MRI data, the most 
optimal approach for each patient can be determined. 

Clinical Presentation of Atrioventricular Septal 
Defect 

The clinical presentation of atrioventricular septal defect 
(AVSD) varies depending on the type of defect, degree of 
blood shunting, functional state of the valves, and presence 
of associated anomalies. In newborns and young children, 
AVSD most commonly presents with heart failure symptoms 
due to significant left-to-right shunting and pulmonary 
volume overload. According to Rigby M. (2021), these 
symptoms include tachypnea, poor weight gain, feeding 
difficulties, and pronounced fatigue with minimal activity [29, 
37]. 

Patients with complete AVSD exhibit more severe 
symptoms due to substantial volume overload and early 
development of pulmonary hypertension. Clinicians 
frequently observe cardiomegaly on physical examination, 
which is confirmed by chest radiography findings, as 
reported by Almarzooq Z. et al. (2019) [3, 37]. Additionally, 
auscultation may reveal a systolic murmur caused by 
regurgitation through the common atrioventricular valve. 

In contrast, partial AVSD may remain asymptomatic 
during childhood and be diagnosed only in adulthood, 
particularly upon the development of pulmonary 
hypertension or progressive valvular dysfunction. Balpande 
N. et al. (2022) emphasize that such patients may lack 
significant symptoms in early stages, but later develop 
exertional dyspnea, arrhythmias, and signs of right 
ventricular failure [3, 7]. 

The clinical course of AVSD is closely linked to the 
presence of associated syndromes. In patients with Down 

syndrome, AVSD is detected in 40–50% of cases, and the 
condition is often complicated by concurrent cardiac and 
extracardiac anomalies. Hua Z. et al. (2020) note that these 
patients have a higher incidence of progressive pulmonary 
hypertension, which is attributed to abnormal pulmonary 
vascular development [47]. 

Surgical Techniques for the Correction of 
Atrioventricular Septal Defect 

Surgical correction of atrioventricular septal defect 
(AVSD) is the standard treatment aimed at eliminating 
anatomical defects, restoring normal hemodynamics, and 
preventing the progression of pulmonary hypertension. The 
choice of surgical technique depends on the type of AVSD, 
the patient’s age, defect size, and associated pathologies. 
The primary approach is biventricular repair, which involves 
closure of atrial and ventricular septal defects as well as 
reconstruction of the atrioventricular valve. According to 
Fong L.S. et al. (2019), two main techniques are most 
commonly used: double patch repair (Double Patch) and 
modified single patch repair (Modified Single Patch) [4,20]. 

The double patch technique involves the use of two 
separate patches to close the atrial and ventricular septal 
defects, ensuring precise anatomical reconstruction of the 
septa and valves. This approach is preferred for patients 
with large defects and complex valve anatomy. The study 
by Wang G. et al. (2020) emphasizes that double patch 
repair provides long-term structural stability and minimizes 
the risk of residual defects [20,47]. 

In contrast, the modified single patch technique involves 
using one patch to close both the atrial and ventricular 
septal defects. This method is less invasive and is 
associated with reduced cardiopulmonary bypass time, 
making it preferable for infants and high-risk surgical 
patients. However, as noted by Alsoufi B. et al. (2020), the 
single patch technique may be less effective for large 
defects and cases with significant valvular insufficiency [4, 
16]. 

For patients with a functionally single ventricle, where 
complete repair is not feasible, palliative surgical strategies 
are implemented. These cases require a staged approach, 
including shunt procedures (e.g., Blalock-Taussig shunt) to 
improve pulmonary blood flow and the Fontan procedure, 
which directs venous blood flow to the pulmonary arteries, 
bypassing the right heart. The study by Nunes M. et al. 
(2021) highlights that staged palliative procedures remain a 
viable option for patients with severe morphological 
abnormalities that preclude biventricular repair [7, 13]. 

Postoperative follow-up is critical for evaluating the 
effectiveness of surgical repair and detecting complications. 
The most common postoperative issues include residual 
septal defects, atrioventricular valve regurgitation, and 
arrhythmias. These complications often require additional 
surgical or medical management. According to Balpande N. 
et al. (2022), modern imaging techniques, such as 3D 
echocardiography and CT, allow for early detection and 
intervention in postoperative complications [39, 3]. 

Surgical treatment of AVSD has significantly reduced 
mortality and improved the quality of life for patients. 
However, long-term outcomes depend on the accuracy of 
preoperative diagnostics, the choice of surgical technique, 
and the effectiveness of postoperative monitoring. 
Advancements in surgical techniques and anesthetic 
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management continue to improve the prognosis for patients 
with this complex congenital heart defect. 

Conclusions 
Atrioventricular septal defect (AVSD) represents one of 

the most significant groups of congenital heart defects, 
characterized by complex anatomy and variability in clinical 
presentation. Modern data highlight its high prevalence in 
patients with Down syndrome and its substantial 
contribution to the overall structure of congenital cardiac 
anomalies. The diversity of AVSD forms, ranging from 
partial to complete defects, requires precise diagnosis and 
an individualized treatment approach. Imaging modalities, 
including echocardiography, computed tomography, and 
magnetic resonance imaging, serve as essential tools for 
assessing the anatomical and functional characteristics of 
the defect. Echocardiography remains the gold standard for 
diagnosis, while CT and MRI provide additional data for 
preoperative planning and postoperative monitoring. The 
clinical presentation of AVSD varies from an asymptomatic 
course to severe manifestations of heart failure and 
pulmonary hypertension. Partial AVSD often remains 
undetected until adulthood, whereas complete forms 
present with early symptoms requiring urgent intervention. 

Surgical treatment is the primary method of AVSD 
correction, aiming to restore normal hemodynamics and 
prevent complications. Modern techniques, such as double 
and modified single patch repair, have demonstrated high 
efficacy and safety. In complex cases, including single-
ventricle physiology, staged palliative procedures such as 
shunting and the Fontan procedure are utilized. Long-term 
treatment outcomes depend on early diagnosis, the 
selection of an appropriate surgical technique, and 
meticulous postoperative monitoring. Advanced imaging 
methods enable the timely detection of complications, such 
as residual defects and valvular regurgitation, and facilitate 
appropriate intervention. The importance of a 
multidisciplinary approach in managing patients with AVSD 
continues to grow, contributing to improved quality of life 
and reduced mortality. 

This article provides a comprehensive review of the 
epidemiology, clinical presentation, diagnostic approaches, 
and surgical treatment methods for AVSD, emphasizing the 
significance of an individualized approach for each patient. 
[4, 20, 47, 18, 26] 
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