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Abstract: This article outlines the anatomical foundations and embryological development
stages of congenital heart defects, along with the resulting anomalies. The defects are categorized into
cyanotic and acyanotic groups, with analysis of their clinical manifestations, diagnostic techniques
(ECG, ECHO, MRI, angiography), and treatment approaches. Common congenital heart defects such
as VSD, ASD, PDA, Tetralogy of Fallot, and transposition of the great arteries are examined
anatomically and physiologically, and evaluated according to modern medical practices. The article
also emphasizes epidemiological data, risk factors, and preventive strategies.
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Embryonic Development and Anatomical Foundations of the Heart

The embryonic development of the heart begins in the third to fourth week of gestation. Initially, the
heart tube forms and gradually loops and partitions into four chambers: two atria and two ventricles.
Proper separation of the atria and ventricles, along with the outflow tracts of the aorta and pulmonary
artery, is essential. Atrial septation (formation of septum primum and septum secundum) and
ventricular septation (muscular and membranous parts) must occur correctly. For instance, septum
primum and secundum grow between the right and left atria, allowing oxygenated blood to flow
through the foramen ovale in utero (which should close after birth). The muscular part of the
ventricular septum grows upward from the base, leaving an interventricular foramen that is later closed
by the membranous portion derived from endocardial cushions. A spiral septum also forms to divide
the aortic and pulmonary trunks, guiding them into their appropriate positions. Any errors in these
processes can lead to structural heart anomalies.

Improper chamber division during embryogenesis is the primary cause of congenital heart defects. For
example, incomplete formation of the septum primum and secundum results in an atrial septal defect
(ASD), while incomplete development of the ventricular septum leads to a ventricular septal defect
(VSD). Malformation of the spiral septum can result in transposition of the great arteries or truncus
arteriosus. Transitional fetal pathways like the foramen ovale and ductus arteriosus must close after
birth; failure to do so may result in further defects. Understanding these anatomical mechanisms is
essential to grasp the diversity and clinical presentation of congenital heart anomalies.

General Classification of Congenital Heart Defects

Congenital heart defects are generally classified into two major groups: cyanotic and acyanotic defects.
Cyanotic defects involve mixing of oxygen-rich and oxygen-poor blood, leading to decreased oxygen
delivery to tissues and visible cyanosis (bluish discoloration of the skin and nails). Examples include
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Tetralogy of Fallot, transposition of the great arteries, pulmonary atresia, and total anomalous
pulmonary venous return.

Acyanotic defects typically do not significantly impair oxygen delivery to the body. Patients may be
asymptomatic or show signs only in severe cases. These include ventricular septal defect (VSD), atrial
septal defect (ASD), patent ductus arteriosus (PDA), and stenosis of the pulmonary or aortic valves, as
well as coarctation of the aorta. This classification is based on the defect’s impact on systemic
oxygenation.

Main Types of Congenital Heart Defects
Ventricular Septal Defect (VSD):

A VSD is present from birth and involves an opening in the ventricular septum. It is the most common
congenital heart defect, found in 2—5 out of every 1,000 newborns. Left-to-right shunting increases
pulmonary circulation, leading to pulmonary hypertension and heart failure in large defects. Small
VSDs may be asymptomatic and close spontaneously. Large VSDs may cause symptoms of left heart
strain, frequent breathing, and poor feeding. A loud murmur is often heard at the left sternal border.
Diagnosis is confirmed via imaging, and closure can be performed surgically or via catheter.

Atrial Septal Defect (ASD):

ASD involves an opening between the atria, most commonly of the secundum type (about 80% of
cases). It allows blood to flow from the left to the right atrium, increasing right heart workload and
pulmonary circulation. Large ASDs, if untreated, can cause right atrial hypertrophy and pulmonary
hypertension. Many children are asymptomatic, but adults may develop fatigue, arrhythmias, or heart
failure. Diagnosis is made with echocardiography, and large defects may require catheter closure or
surgery.

Patent Ductus Arteriosus (PDA):

In PDA, the ductus arteriosus connecting the aorta and pulmonary artery remains open after birth,
causing continuous left-to-right shunting. This increases pulmonary blood flow and may lead to heart
failure in larger PDAs. A “machinery” murmur may be heard. Management includes prostaglandins to
maintain ductal patency if needed early, followed by catheter or surgical closure.

Pulmonary Valve Stenosis:

This defect narrows the outflow tract from the right ventricle to the pulmonary artery, leading to right
ventricular hypertrophy. Symptoms vary by severity: mild cases are asymptomatic, while severe cases
present with cyanosis and heart failure. Treatment includes balloon valvuloplasty or surgical repair.

Coarctation of the Aorta:

This is a narrowing of the aorta, usually near the ductus arteriosus. It causes increased pressure in the
upper body and decreased blood flow to the lower body, resulting in hypertension in the arms and
weak pulses in the legs. Severe cases present in infancy with heart failure. Surgical resection or
stenting is recommended.

Tetralogy of Fallot:

The most common cyanotic heart defect, Tetralogy of Fallot includes four abnormalities: a large VSD,
pulmonary outflow tract stenosis, right ventricular hypertrophy, and an overriding aorta. These lead to
mixed oxygenated and deoxygenated blood reaching the body, causing cyanosis and “tet spells” during
infancy. It accounts for 7-10% of congenital heart diseases. Definitive repair is usually performed
within the first six months of life.

Transposition of the Great Arteries (TGA):

In TGA, the aorta arises from the right ventricle and the pulmonary artery from the left, resulting in
two separate circuits. This causes severe cyanosis immediately after birth. Survival depends on mixing
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of blood through the foramen ovale or PDA. Diagnosis is urgent and treatment includes maintaining
ductal patency with prostaglandins and performing an arterial switch operation.

Diagnostic Methods

Diagnosis involves ECG to assess electrical activity and chamber size, chest X-ray for heart size and
pulmonary vasculature, and echocardiography for structural visualization. Advanced imaging with
cardiac MRI or CT may be required. Cardiac catheterization and angiography provide detailed
measurements and images for complex cases.

Treatment Approaches

Management depends on the defect type and severity. Medical therapy includes ACE inhibitors, beta-
blockers, and diuretics for heart failure. NSAIDs like indomethacin may close the PDA. Interventional
procedures include catheter-based closures and balloon valvuloplasty. Surgical correction is often
necessary
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