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This document should be read in conjunction with this disclaimer 

Foetal Circulation  

The basic differences between the foetal circulation compared with the postnatal 
circulation are: 

 The presence of a low-resistance high-flow placental circulation. 

 The pulmonary vascular resistance (PVR) is very high and the systemic 
vascular resistance (SVR) low. No more than 20% of the total cardiac output 
enters the pulmonary circulation at term (less earlier in gestation). 

 Three vascular pathways, which are an integral part of the different blood flow 
pattern, and usually close shortly after birth - the ductus venosus, the 
foramen ovale and the ductus arteriosus (DA). The first two allow 
oxygenated blood from the placenta to be channelled to the left atrium and 
thence to the aorta, coronary and cerebral circulations. The DA has pulmonary 
artery to aorta (right to left) flow due to the high pulmonary vascular resistance. 
The DA is kept open by circulating prostaglandins and as gestation progresses 
becomes increasingly sensitive to the constricting influence of oxygen. 

The Flow of Blood in the Foetus 

 Blood from the placenta is carried to the foetus by the umbilical vein. About 
half of this enters the foetal ductus venosus and is carried to the inferior vena 
cava (IVC), while the other half enters the liver. The blood then moves to the 
right atrium of the heart.  

 From the right atrium, most of the blood flows through the foramen ovale 
directly into the left atrium, thus bypassing the pulmonary circulation. 

https://www.cahs.health.wa.gov.au/For-health-professionals/Resources/CAHS-Clinical-Disclaimer
http://en.wikipedia.org/wiki/Placenta
http://en.wikipedia.org/wiki/Fetus
http://en.wikipedia.org/wiki/Umbilical_vein
http://en.wikipedia.org/wiki/Ductus_venosus
http://en.wikipedia.org/wiki/Inferior_vena_cava
http://en.wikipedia.org/wiki/Inferior_vena_cava
http://en.wikipedia.org/wiki/Liver
http://en.wikipedia.org/wiki/Right_atrium
http://en.wikipedia.org/wiki/Heart
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 The blood continues into the left ventricle, and from there it is pumped through 
the aorta to perfuse the coronary arteries, head, brain and upper 
extremities with only a small proportion entering the descending aorta to 
perfuse the rest of the body. 

 Some of the blood moves from the aorta through the internal iliac arteries to 
the umbilical arteries, and re-enters the placenta, where carbon dioxide and 
other waste products from the foetus are taken up and enter the maternal 
circulation. 

 Blood from the head and neck returns to the right atrium via the superior 
vena cava (SVC). It then passes through the tricuspid valve to the right 
ventricle and into the pulmonary artery. Only 15% of this blood goes to the 
lungs (due to the high PVR of the unexpanded lungs) and the remaining 85% 
flows through the DA into the descending aorta to perfuse the abdominal 
viscera and lower extremities.  

http://en.wikipedia.org/wiki/Pump
http://en.wikipedia.org/wiki/Aorta
http://en.wikipedia.org/wiki/Internal_iliac_arteries
http://en.wikipedia.org/wiki/Umbilical_arteries
http://en.wikipedia.org/wiki/Placenta
http://en.wikipedia.org/wiki/Carbon_dioxide
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Changes in the Circulation at Birth 

As the umbilical cord is clamped, the SVR increases due to increased blood volume in 
the placenta. As the infant takes its first breath, the lungs expand and the PVR drops, 
increasing the blood flow to the lungs which increases the oxygenation of the blood. 
The PVR continues to fall over the following weeks and ultimately takes about a month 
to fall to a mean level of 1/3 of mean systolic pressure. 

Ductus Arteriosus 

The DA begins to constrict due to the increase in PO2, lowering levels of PGE2 and 
the decreasing blood flow through it. This process is functionally complete within 60 
hours in 93% of term infants. Normally the duct then fibroses and closes within 2-3 
weeks of birth and is then known as the ligamentum arteriosum. 

Foramen Ovale 

Increased pulmonary blood flow increases pulmonary venous return, resulting in an 
increase in the left atrial pressure which pushes the foramen ovale shut, becoming the 
fossa ovalis. 

Ductus Venosus 

The ductus venosus closes to become the ligamentum venosum which passes 
through the liver from the portal vein to the IVC. It can still provide vascular access to 
the right heart for a few days. 

Umbilical Vein 

Once the cord is clamped, the umbilical vein constricts and obliterates becoming the 
ligamentum teres. Closure of all these structures may be delayed in pathological 
circumstances and may precipitate clinical deterioration in various structural cardiac 
conditions. Continued patency of the DA and foramen ovale may contribute to clinical 
problems in some conditions (see table below).  

 Clinical Problems Associated 
With Closure After Birth 

Clinical Problems Associated 
With Failed Closure After Birth 

Foramen 
Ovale 

Poorer mixing in TGA systemic / 
pulmonary venous obstruction in 
right / left heart obstructions. 

Allows LR shunting in PPHN. 

Ductus 
Venosus 

Worsening pulmonary venous 
obstruction in infradiaphragmatic 
TAPVD. 

No problem identified. 

Ductus 
Arteriosus 

Marked deterioration in duct-
dependent pulmonary or 
systemic circulations. 

Associated with major respiratory 
and other problems in premature 
neonates. 

Rarely clinically important LR 
shunting in neonatal period in term 
infants. 
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The Unbalanced Circulation 

The Normal Circulation The Unbalanced Circulation 

Blood flow to systemic and 
peripheral circulations is 
equal: 

 

Qp (pulmonary flow) = 

Qs (systemic flow) 

i.e. Qp : Qs = 1:1 

When the ratio of Qp:Qs is not 1:1 the circulation is 
‘unbalanced’. There can be too much pulmonary flow 
with too little systemic flow. It is most common to see 
the unbalanced circulation with PPHN when there is 
too little blood flow to the lungs. Other causes are 
due to cardiac anomalies (see table) or post Blalock-
Taussig (BT) Shunt.  

Too little blood flow to the lungs results in hypoxia. 

 PPHN. 

 Severe Tetralogy of Fallot. 

 Pulmonary stenosis/atresia. 

 Single ventricle anatomy/DORV (some). 

 BT shunt too small/blocked. 

Too much blood flow to the lungs results in shock, lactic acidosis, pulmonary oedema, 
multiorgan failure. 

 HLHS. 

 Truncus arteriosus. 

 Large PDA. 

 Single ventricle anatomy/ DORV (some). 

 BT shunt too large. 

Ways to Influence the Circulation 

There are a number of different ways in which we can try to manipulate the circulation 
when it is unbalanced. 

Respiratory Cardiovascular 

 Mechanical Ventilation 

 Oxygen - supplemental / air / 
hypoxic mixture 

 pH/pCO2 - manipulation of 
ventilation / bicarbonate infusion 

 Consistent MV 

 PEEP 

 Nitric oxide 

 Filling 

 Inotropic support 

 Inodilators e.g. Milrinone 

 Vasodilators e.g. SNP, MgSO4 

 Vasoconstrictors e.g. Phenylephrine 

 Ductal patency 

 Specific procedures e.g. atrial 
septostomy 
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Other 

 Ensure no electrolyte abnormalities. 

 Maintain haematocrit 0.4-0.5 for maximum O2 carrying capacity. 

 Minimal handling. 

 Sedation +/- paralysis. 

Management of Qp < Qs 

 Give supplemental O2. 

 Low normal pCO2/high normal pH. 

 NO if PHT. 

 Alprostadil. 

 MgSO4. 

 Ensure adequately filled. 

 Inotropic support - Dobutamine +/- Noradrenaline or Milrinone only if good BP. 

 If PS, normal cardiac function – Noradrenaline or Phenylephrine (intense 
peripheral vasoconstrictor, forces blood to lungs). 

 Sedation/paralysis + minimal handling. 

Management of Qp > Qs 

 Be watchful in any lesion prone to developing this problem - SaO2 ‘too good’, 
regular gases and beware of metabolic acidosis/rising lactate. 

 Early ventilation in air, if needs hand-bagging use air or low FiO2 e.g. 30%. 
Keep O2 sats 75-85%. 

 High PEEP, consistent MV. 

 High normal pCO2/low normal pH. 

 Hypoxic mix - e.g. FiO2 19% (not usually used these days). 

 Ensure adequately filled. 

 Inotropic support of R ventricle - low dose Dopamine or Dobutamine. 

 Correct acidosis with HCO3. 

 Look for signs multiorgan failure and treat accordingly. 
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