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Heart: Congenital Disease
•

Development
o Organogenesis occurs between weeks 3 to 5. Note that this is 1 week earlier
than most other organs
o A single vascular tube develops into 2 atrial and 2 ventricular chambers by
dilation, looping and septation
 Very few people understand how this works. It is not worth the effort to
learn; understanding septation is enough.

o The ventricle is divided by a muscular septum and a membranous septum. The
latter is the site of most ventricular septal defects (VSD’s)
o The atrium is divided by two different membranes:
 First, the septum primum forms, connecting to the endocardial cushion
and developing a foramen for bypassing the pulmonary circulation
• Septum primum defects are commonly associated with mitral
valve abnormalities (due to a neural crest cell migration failure)
and so are now referred to as atrioventricular defects (aka
endocardial cushion defects)
• These are the defects seen in Trisomy 21 (Down syndrome) and
are more clinically severe than secundum ASD’s
 Next is the septum secundum, which forms together with the mitral valve
leaflet in the endocardial cushion. The septum develops the foramen
ovale for pulmonary system bypass
• Most atrial septal defects (ASD’s) occur in the septum
secundumum as a patent foramen ovale (PDA). They tend to be
asymptomatic, although they are associated with a paradoxical
embolus (when a right-sided thromboembolus passes through the
PDA to cause left-sided occlusion)

1

© 2020, ClinicoPath LLC. All rights reserved.

www.MedicalSchoolCompanion.org
•

Fetal circulation (refer to the diagram)
a. Uterine-placental insufficiency is the commonest pathology in the third trimester

Trimester
First
Second
Third

Commonest pathology
Chromosomal
Mechanical (maternal and fetal malformation)
Fetal-placental insufficiency

b. The ductus venosus involutes after birth to become the ligamentum teres.
Residual vascular spaces can dilate with portal hypertension to form the portalsystemic anastomosis of the caput medusa. Lymphovascular structures are also
presumed to provide the channels for Sister Mary Joseph nodules, which are
periumbilical subcutaneous metastases.
c. The internal thoracic artery (aka internal mammary artery) is the proximal vessel
for the upper to lower body anastomosis seen in coarctation of the aorta
(common in Turner syndrome).
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Coarctation

c

PDA
ASD

VSD
b

ToF

a
1. PA stenosis 2. Overriding
aorta 3. VSD 4. RVH
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Congenital malformations of the heart
o These five conditions account for >80% of congenital malformations
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Disease associations with congenital malformations of the heart

Disease
Trisomy 21
22q11 deletion syndrome
Turner syndrome (XO)
Rubella

•
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Associated heart defect
Atrioventricular defects
Tetralogy of Fallot
Bicuspid aortic valve
Coarctation of aorta
Patent ductus arteriosus

Cyanosis in congenital heart disease
o A condition in which the skin has a bluish color due to desaturation of
hemoglobin
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This occurs whenever more than 3-5 gm/dL of hemoglobin is
deoxygenated. When compared to oximetry, it can be seen at 85%
saturation (respiratory failure = 92%) at a hemoglobin of 15 mg/dL.
 Peripheral cyanosis is seen in vasoconstriction due to increased
extraction of oxygen with decreased blood flow (e.g. Raynaud
phenomenon, shock, cold temperature)
 Central cyanosis is due to a decrease in PaO2 and is most commonly seen
in respiratory failure. In congenital heart disease, it is due to a right-toleft shunt.
o In children, cyanosis is classified as congenital or acquired.
 Congenital cyanosis: due to a right-to-left shunt; commonest cause is
Tetralogy of Fallot
 Acquired cyanosis: caused by Eisenmenger syndrome
• High volume left-to-right shunt leads to pulmonary arteriolar
hypertension in small vessels (i.e. not arterial)
• High pulmonary vascular resistance leads to right ventricular
hypertrophy (RVH) and right heart failure
• When right ventricular pressure is greater than left ventricular
pressure, the shunt reverses and unsaturated right-sided blood
causes cyanosis
• Onset and natural history is widely variable, but typical onset for
simple disease is mid-20’s with death in the mid-30’s.
o 50% of VSD’s but only 10% of ASD’s develop Eisenmenger
syndrome
• Once established, the pulmonary hypertension is irreversible and
lung transplantation is required
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Proof of mastery: Congenital Heart Disease
You have mastery of the subject when you can:
1. Septation:
• draw formation of the ventricular septum, septum primum, septum secundum
and foramen ovale
2. Fetal circulation:
• Draw flow of nutrient rich blood from placenta to aorta and back to placenta
(umbilical vein, ductus venosus, foramen ovale, umbilical arteries)
• Draw the pulmonary circulation from the SVC to the aorta (ductus arteriosus)
• Circle the location of a VSD, ASD, PDA, coarctation
• Draw a heart with Tetralogy of Fallot
3. Fill in the table:

4. Discuss congenital versus acquired cyanosis in cardiac malformations
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