Circulation of Blood in the Fetus

 Understanding the circulation of blood in the fetus and the rapid changes that occur after birth helps explain some of the congenital malformations encountered in newborn infants. Before birth paired umbilical arteries, which are branches of the fetal internal iliac arteries, deliver blood in the umbilical cord to the placenta where the fetal blood is oxygenated, nutrients are added from maternal blood, and waste products are removed.  Then the blood is returned to the fetus by the single umbilical vein traveling in the cord with the two umbilical arteries. Maternal blood also flows through the placenta and is returned to the mother’s circulation. The two circulations are closely associated in the placenta but there is no actual intermixing of maternal and fetal blood.

In the fetus the gastrointestinal tract has no functions because the mother supplies nutrients to the fetus, and the lungs also are nonfunctional because the mother oxygenates the fetal blood.  Consequently three bypass channels divert blood flow away from the gastrointestinal tract and lungs:

 (1) The ductus venosus is a continuation of the umbilical vein that travels toward the undersurface of the fetal liver, and diverts most of the umbilical vein blood directly into the inferior vena cava instead of flowing through the liver along with blood returning from the gastrointestinal tract in the portal vein.

 (2) The foramen ovale is the opening in the atrial septum guarded by a one-way flap valve that delivers the blood flowing into the right atrium directly into the left atrium which then flows into the left ventricle and out the aorta, bypassing blood flow into the lungs.

(3). The ductus arteriosus develops from an artery that connects the aorta with the pulmonary artery in the fetus and directs pulmonary artery blood into the aorta, bypassing flow to the lungs, as does the foramen ovale

The figure illustrates the main pathways of blood flow in the fetus.  Oxygenated blood from the placenta returns to the fetus in the umbilical vein (1) which is diverted directly into the inferior vena cava through the ductus venosus (2) .Most of the blood flowing into the right atrium from the inferior vena cava is directed into the left atrium through the foramen ovale, bypassing the lungs. Most of the blood entering the right atrium through the superior vena cava (3) flows into the right ventricle and then is pumped into the pulmonary artery. Since the lungs are not expanded, blood flow into the pulmonary arteries encounters considerable resistance, and much of the pulmonary artery blood is diverted directly into the aorta through the ductus arteriosus. The small amount of blood ejected from the right ventricle that passes through the lungs returns to the left atrium through the pulmonary veins (4).


Postnatal changes in the circulation


Three events affecting the infant’s circulatory system occur as soon as the infant is born. 

1. The umbilical cord is cut. Blood flow in the umbilical vein and ductus venosus cease. The right atrial pressure falls because the umbilical vein no longer delivers blood into the inferior vena cava which flows into the right atrium, and the nonfunctional ductus venosus soon undergoes fibrous obliteration.

2. The ductus arteriosus constricts as soon as the infant starts to breathe, blocking flow through the ductus arteriosus.  Now blood can flow easily into the newly expanded lungs but blood can no longer flow through the constricted ductus arteriosus, which eventually becomes converted into a fibrous cord called the ligamentum arteriosum.

3. The large volume of blood flowing through the lungs and returning to the left atrium causes the left atrial pressure to rise, which soon exceeds the right atrial pressure. As a result the one-way flap valve on the left atrial side of the foramen ovale is pressed against the margins of the foramen ovale, preventing flow from the left to the right atrium. Eventually, the margins of the valve usually become firmly fused to the atrial septum, which closes the foramen ovale, although its location persists as a depression in the atrial septum called the fossa ovalis.

