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”The Transition”
A lot can happen in a few minutes



Guiding Principles812
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FIGURE 1. Diagram of the fetal heart showing the percentages of
combined ventricular output ejected by each ventricle and traversing
the major vascular pathways. Ao = aorta, MPT = main pulmonary
trunk, DA = ductus arteriosus, PA = pulmonary artery, RV = right
ventricle, LV = left ventricle, RA = right atrium, M = left atrium.

formation. Introduction of the radionuclide-labeled
microsphere technique provided the means not only
for quantitative assessment of blood flow patterns
in the fetus, but also for studying the fetus in utero,
thus avoiding the potential interferences of exterior-
ization, acute surgical procedures, and anesthetic
agents (Rudolph and Heymann, 1967).

Using the microsphere technique, we described
the patterns and magnitude of blood flow in the
fetal lamb heart (Fig. 1) (Heymann et al., 1973). In
the lamb at 0.75-0.9 (110-130 days) gestation, of
total venous return to the heart, about 20% is de-
rived from the superior vena cava, 3% from the
myocardium, and 7% from pulmonary venous re-
turn. The remaining 70% is provided by the inferior
vena cava and is comprised of 40% from the umbil-
ical veins, about 5% from the portal vein, and about
25% from the lower trunk and hindquarters. It is
apparent that umbilical and portal venous blood
flows together constitute almost half of the venous
return to the heart. The proportions of these blood
flows that pass through the liver vs. the ductus
venosus have only recently been delineated by use
of the microsphere method (Edelstone et al., 1978).
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Hepatic and Ductus Venosus Blood Flows

The ductus venosus has been considered to have
the function in the fetal circulation of providing a
bypass of the hepatic microcirculation. Barron (1942)
described a sphincter in the lamb ductus venosus
and could identify vagal fibers distributed to the
vessel. Brinkman et al. (1970) proposed that the
ductus venosus is important in regulating blood flow
to the liver. However, by reducing the proportion of
umbilical venous return that would flow through
the liver, the ductus venosus is more likely to be
important in providing adequate venous return to
the heart.

The vascular morphology in the hepatic sinus to
some extent determines the patterns of blood flow
(Fig. 2). The umbilical vein provides branches to the
left lobe of the liver; the ductus venosus then arises,
after which the umbilical vein arches horizontally to
the right to connect with the portal vein. The portal
branches to the right liver lobe arise beyond the
junction of the umbilical and portal veins. Using the
microsphere method, we showed that about 55% of
umbilical venous blood passes through the ductus
venosus, while 45% is distributed to both right and
left lobes of the liver. The left lobe of the liver is
supplied almost exclusively by umbilical venous
blood, with a very small contribution from the he-
patic artery. At least 90-95% of portal venous blood
is distributed to the right lobe of the liver. A small
amount may pass through the ductus venosus, but
none passes across to the left lobe. The blood supply
to each lobe of the liver, and the distribution of
portal and umbilical venous blood, are shown in
Figure 3.

In the adult, the liver is a highly compliant organ;
about 25% of liver volume is provided by blood,
and this constitutes about 10% of total blood volume
(Greenway and Stark, 1971). The fetal liver is also
highly vascular and has been shown to be very
compliant (Gilbert et al., 1981). The large blood flow
through the liver and its compliance could make it
an important organ in regulating venous return to
the heart. Almost 25% of venous return to the fetal
heart is derived from liver blood flow; this is com-
prised of portal venous flow (5% of venous return),
a small amount of blood from hepatic arteries (1-
2% of venous return), and 45% of umbilical venous
blood flow, which provides 40% of venous return
(18% of total venous return to the heart).

The relative roles of the hepatic vasculature and
the ductus venosus in determining the distribution
of umbilical venous blood have not been dearly
denned. Apparently, during conditions of fetal
stress, there is an attempt to maintain ductus veno-
sus flow and reduce hepatic blood flow. When we
reduced umbilical blood flow by inflating a balloon
in the fetal descending aorta just above the origin
of the umbilical arteries, the proportion of umbilical
blood passing through the ductus venosus increased
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Fetal Lamb Model
Dr. Abraham Rudolph



The Transition: 
Learning from Animal Models

Circulatory Adjustments during Perinatal Transition:

“In parallel” circulation à “in series” circulation

Rudolph AM 



Perinatal Circulatory Changes 

Teitel DF, Rudolph AM, 1986 

Baseline Ventilation + Oxygenation

Pulmonary vascular resistance
Pulmonary blood flow



Perinatal Circulatory Changes 

Teitel DF, Rudolph AM, 1991 

Baseline Ventilation + Oxygenation Umbilical Cord Occlusion

LV output 
RV output
SVR



Perinatal Circulatory Changes 

Teitel DF, Rudolph AM, 1991 

Baseline Ventilation + Oxygenation Umbilical Cord Occlusion

Additional Factors:
1) Hormonal

• Thyroid
• Cortisol

2) Tissue Oxygen Delivery:
• High HbF à HbA
• Decreased Hb 

concentration



Manipulating Physiology in Animal Models

Ø Clamping of umbilical cord prior to 
ventilation:
• Decreased RV output
• Decreased carotid arterial flow

Bhatt L et al, 2013

Ventilate first

Clamp first

Ventilate first

Clamp first

Clamp first/ventilate second

Ventilate first/clamp second



Manipulating Physiology in Animal Models

Janna Morrison PhD, University of Adelaide

Sequence of events in the DR influences the circulatory changes during transition



How is this applicable to CHD?

HLHS D-TGA



How is this applicable to CHD?
Circulatory Adjustments in the DR

HLHS D-TGA

Ø Increased pulmonary blood flow
ØChanges in ventricular output
• Decreased RV output
• ? Effects on cerebral blood flow

Ø Sequence of events in the delivery room 
may have significant implications in the 
setting of CHD:
• Timing of umbilical cord occlusion



Transition from Fetus --> Neonate:
Circulatory Adjustments outside of DR

Ø Continued decline in PVR           
(higher Qp:Qs)

Seed M et al, Preliminary Data



Transition from Fetus --> Neonate:
Circulatory Adjustments outside of DR

Eckersley L et al, 2021 CJC

HLHS compared to healthy newborns:
- Decreased systemic flow
- Increased pulmonary blood flow
- Decreased flow in SVC (cerebral flow)
- Decreased lower body perfusion

BRAIN

BODY



Lynch J et al, 2018

Transition from Fetus --> Neonate:
Circulatory Adjustments outside of DR

• Gradual decline in cerebral 
oxygenation from birth to surgery 
in d-TGA and HLHS



Application of experimental data:
Brain health in CHD

• Immediate effects in the DR + 
continued postnatal effects
– Threaten cerebral perfusion
– Impairs cerebral oxygen delivery
– Contribute to risk of pre-operative 

WMI and ND outcomes?

White Matter Injury

Ø 1/3 of newborns with complex CHD have 
evidence of white matter injury before going 
to the operating room



”The Transition”
Early opportunities to optimize outcomes
• Events in the Delivery room
• Continued circulatory changes outside 

of delivery room



Thank you


