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The PostnatalCir culatory System

Our adult circulatory system consists of a pump (the
heart) and piping (the vessels).
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PostnatalCir culatory Function

The postnatal circulatory system is a single closed loop,
even though blood circulates twice through the heart in
each loop. (� 1 minute round-trip.)

Left heart pumps O2 rich blood to body. Right heart
pumps CO2 rich blood to lungs.

Some typical circulatory statistics:
P (mm Hg) V (L)

systemic arteries (sa) 100 1.0
systemic veins (sv) 2 3.5

pulmonary arteries (pa) 15 0.1
pulmonary veins (pv) 5 0.4

Note the symmetric structure but asymmetric
parameters between the systemic and pulmonary
subcirculations.
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Prenatal (Fetal) Cir culatory System

The fetal circulatory system is different because the
fetal lungs are collapsed and blood is oxygenated via
the placenta.

The prenatal circulatory system consists of multiple
loops formed by two shunts:

The Ductus Arteriosus – a vessel opening allowing
deoxygenated blood to bypass the lungs and head to
the placenta.
The Foramen Ovale – a one-way valve from the right
to left atrium allowing oxygenated blood from the
placenta to bypass the right heart.

The physiological challenge: Properly distribute
oxygenated blood (esp. to the developing brain) while
allowing roughly equal pumping by both sides of the
developing fetal heart
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The Fetal Heart
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Cir culatory SystemDiagrams

Circuit diagram of the fetal heart:
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Cir culatory SystemDiagrams

Circuit diagram of the postnatal heart:
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Why Two ShuntsInsteadof One?

A very basic analysis of the fetal circuit diagram gives
the following system of equations:

sa: I d + I L = I s

pa: I R = I p + I d

sv: I s = I R + I f

pv: I f + I p = I L

Four nodes give four equations for six �o ws.

There are only three linearly independent equations, so
we can solve for three of the �o ws in terms of the other
three.
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Two ShuntsAllows EvenPumping

Solving the system for I s; I p, and I f gives:

I s = I d + I L

I p = I R � I d

I f = I d + (I L � I R) (I f � 0)

A reasonable physiological assumption is that proper
fetal heart development requires I L � I R.

A single shunt system (I f = 0 or I d = 0) cannot allow
I L � I R. One side would do too much/little work.

Simple mathematics suggests why two shunts are
better than one!
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Solving the Equations for Fetal Cir culation

To solve the system of equations, we apparently need
three more independent relationships.

First, we assume that the ductus arteriosis and foramen
ovale are wide open and do not resist �o w. Thus,

Pa := Psa = Ppa

Pv := Psv = Ppv

(and we must later verify that I f � 0).

We employ a pumping model where heart �o w is
proportional to venous pressure through a pump
coef�cient

I L = K L Ppv

I R = K RPsv
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Solving the Equations... (Part 2)

We assume that the pump coef�cient K for each side of
the heart is equal before birth (K := K L = K R) so that

I := I L = I R = K Pv

Considering the systemic and pulmonary resistances
gives

I sRs = Psa � Psv = Pa � Pv

I pRp = Ppa � Ppv = Pa � Pv

which imply
I sRs = I pRp
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Solving the Equations... (Part 3)

Assuming we know the relative sizes of the parameters
Rs and Rp, we have reduced the number of variables by
one, and added one equation to the original system:

I s = I d + I

I p = I � I d

I f = I d (I f � 0)

I sRs = I pRp

Instead of �nding another equation, we will reduce the
number of variables by one more by solving for �o w
ratios.

fetal dynalite 2006.tex – p.12/18



Solving the Equations... (Part 3)

Assuming we know the relative sizes of the parameters
Rs and Rp, we have reduced the number of variables by
one, and added one equation to the original system:

I s = I d + I

I p = I � I d

I f = I d (I f � 0)

I sRs = I pRp

Instead of �nding another equation, we will reduce the
number of variables by one more by solving for �o w
ratios.

fetal dynalite 2006.tex – p.12/18



Solving the Equations... (Part 4)

Solving for all the �o ws relative to the fetal heart output
I gives:

I d

I
=

I f

I
=

Rp � Rs

Rp + Rs
> 0

since, before birth, Rs < Rp,

I s

I
=

I d

I
+

I
I

=
Rp � Rs

Rp + Rs
+ 1 =

2Rp

Rp + Rs

and
I p

I
=

I
I

�
I d

I
= 1 �

Rp � Rs

Rp + Rs
=

2Rs

Rp + Rs

I f � 0; as Rp ! 1 , I d = I f = I , I s = 2I , and I p = 0.
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ChangesOccurring at Birth

At birth, a baby takes its �rst breath and the connection
to the placenta closes, causing the reversal Rp < Rs.

In the above solution,

I f

I
=

Rp � Rs

Rp + Rs
< 0

is no longer consistent with our assumption I f � 0.

Thus, the foramen ovale closes (and begins to seal shut
permanently).

Mathematically, we must re-solve the equations under
the new assumption that I f = 0 (and verify that
Psv � Ppv).
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Re-solvingthe Cir culation Equations

Solving the system

I s = I d + I L

I p = I R � I d

I f = I d + (I L � I R)

with I f = 0 gives

I s = I R

I p = I L

I d = I R � I L

In this case, we attempt to solve for the ratio
I R

I L
.
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Re-solving... (Part 2)

The systemic and pulmonary resistances give

I pRp = Pa � Ppv

I sRs = Pa � Psv

) I pRp � I sRs = Psv � Ppv

Also, the pump equations give

I R � I L = K Psv � K Ppv = K (Psv � Ppv)

Combining the above two equations using I s = I R and
I p = I L gives

I R � I L = K (I L Rp � I RRs)
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Re-solving... (Part 3)

Finally, solving for
I R

I L
gives:

I R

I L
=

1 + K Rp

1 + K Rs
< 1

since Rp < Rs.

Thus, I R < I L which implies both

I d = I R � I L < 0 and Psv < Ppv

So, the �o w in the ductus artereosis is reversed and the
foramen ovale is indeed closed.

The reversed �o w brings oxygenated blood through the
ductus, biochemically triggering it to slowly close, and
establishing normal, single loop circulation.
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