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Summary

Serial Doppler echocardiography was performed in 12 normal neonates (0.5~4.0 hrs after birth) to
evaluate flow patterns through the ductus arteriosus, and in the aorta and brachiocephalic artery.

At the initial examination, flow through the ductus arteriosus was bidirectional in eight of the 12
neonates and continuously left-to-right in the remaining four. The bidirectional ductal shunts became
continuous left-to-right flows within 11~21 hrs after birth in seven of the eight neonates and resolved
by 29~47 hrs after birth. In the remaining four neonates, the continuous left-to-right shunts disap-
peared 14~36 hrs after birth.

Systolic ejection flow patterns in the aorta and brachiocephalic artery had a triangular shape with
the peak velocity in early systole, followed by a minimal flow reversal in all sites examined.

Diastolic flow patterns in each arterial site were as follows:

1. In the ascending aorta, there was slow and sustained diastolic forward flow, which did not
change with increasing age.

2. In the brachiocephalic artery, there was a pan-diastolic flow reversal in the neonates with
bidirectional ductal flow (7/8). This pattern changed to slow pan-diastolic forward flow when the ductal
changed to continuous left-to-right flow or when the ductal closure was confirmed. Most (3/4) of the
remaining four neonates with continuous left-to-right ductal flow exhibited pan-diastolic forward flow.
Another showed a pan-diastolic flow reversal 2 hrs after birth, which changed to pan-diastolic forward
flow in the second examination 6 hrs after birth.

3. In the distal aortic arch, there was a pan-diastolic forward flow in all the neonates, and the
velocity decreased when a closure of the ductus was confirmed.

4. In the descending aorta, there was a pan-diastolic flow reversal in neonates with bidirectional
ductal flow (7/8). This reversal changed to pan-diastolic forward flow, when the ductal flow changed to
continuous left-to-right flow or when the ductal closure was confirmed. In the remaining four neonates
with continuous left-to-right ductal flow, two showed a pan-diastolic flow reversal at the initial exami-
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nations 2 to 3 hrs after birth. This became a pan-diastolic forward flow at the second examinations 6
and 12 hrs after birth. In the other two, there was a pan-diastolic forward flow which did not
change.

This pan-diastolic flow reversal observed in the brachiocephalic artery and descending aorta was
closely related to the bidirectional ductal flow. It must be due to the steal of blood from the brain or
abdominal organs with flow to the pulmonary arteries.

It was concluded that a pan-diastolic flow reversal may be observed even in normal neonates,
and the diminished net forward flow induced by this flow reversal may increase any ischemia of the

brain and abdominal organs during the early neonatal period.
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Fig. 1. Changing flow patterns through the ductus arteriosus in a normal neonate.

The flow pattern through the ductus was confirmed as bidirectional 3 and 12 hours after birth
which became a continuous left-to-right shunting 18 hours after birth.

Ao=aorta; mPA =main pulmonary artery ; PDA =patent ductus arteriosus ; SV =sample volume.
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Fig. 2. The times and direction of ductal shunt.
The times of detecting bidirectional ductus shunt (A), and continuous left-to-right ductal shunt
(O) or the closure of the ductus (@) are shown in each neonate.
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Fig. 3. The times of functional closure of the ductus arteriosus.
The times of detecting the patency of ductus arteriosus (A, O) and the disappearance of the ductal

shunt (@) are shown in each neonate.
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Fig. 4. Ascending aortic flow pattern in a normal neonate.
A systolic ejection flow pattern shows a tiangular shape with the peak velocity in early systole fol-
lowed by a minimal flow reversal and subsequently a slow pan-diastolic forward flow (arrow) is

observed.
SV=sample volume.
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Fig. 5. Changing flow patterns in the brachiocephalic artery in a normal neonate.

A pan-diastolic flow reversal is observed 3 hours after birth (top) and it became a slow pan-
diastolic forward flow 18 hours of age (bottom).

SV=sample volume.
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Fig. 6. Flow pattern in the aortic arch in a normal neonate.

The systolic ejection flow is followed by an early diastolic notch and a pan-diastolic forward fAow
(top). Note that the diastolic flow velocity decreases later (bottom).
AAo=ascending aorta: SV=sample volume.
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Fig. 7. The changing flow patterns in the descending aorta in a normal neonate.

The pan-diastolic flow reversal observed 3 hours after birth became a pan-diastolic forward flow
18 hours of age.

SV =sample volume.
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Fig. 8. Schematic drawings showing a changing
flow pattern through the ductus arteriosus, in
the aorta and brachiocephalic artery in normal
neonates.
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