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Summary

Serial Doppler echocardiographic examinations were performed in 10 normal neonates (0.3 ~4.0 hrs
after birth). The flow patterns through the ductus arteriosus were evaluated using Doppler color flow
imaging, pulsed Doppler echocardiography and continuous-wave Doppler echocardiography.

At the initial examination, flow through the ductus arteriosus was clearly visualized in all the neo-
nates using Doppler color flow imaging. The ductal flow patterns were categorized as follows:

1. Systolic blue color (right-to-left shunt flow) and diastolic red color (left-to-right shunt flow) in
four neonates (group 1).

2. Systolic blue color and diastolic mosaic colors in four neonates (group 2).

3. Continuous mosaic colors in two neonates (group 3).

Using pulsed Doppler echocardiography, the systolic right-to-left ductal shunt flow in the groups
1 and 2 was triangular in shape beginning in early systole. The diastolic left-to-right shunt flow was
box-like in shape beginning late in systole and lasting long in diastole in the group 1. In the group 2,
the diastolic flow showed a wide spectrum (turbulent flow). In the group 3, the flow through the
ductus arteriosus had a continuous wide spectrum (turbulent flow).

Mosaic or turbulent ductal flow of a left-to-right ductal shunt had high velocities by continuous-
wave Doppler echocardiography.

Serial examinations revealed that the ductal flow pattern observed in the group 1 changed to the flow
pattern observed in the group 2, and then to that of the group 3 with increasing diastolic ductal flow ve-
locities. The estimated aorto-pulmonary pressure gradient according to the simplified Bernoulli equation
(4p=4V?) using a maximum diastolic left-to-right ductal shunt velocity increased within 12 hrs after birth.
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It was concluded that bidirectional ductal shunts may be observed in most normal neonates (8/10).
With increasing diastolic velocities the bidirectional ductal flows changed to the pattern of a continuous
left-to-right shunt. The bidirectional ductal shunt is considered due to physiologic pulmonary hyperten-
sion of the newborn and due to less conduction time from the pulmonary valve to the pulmonary end
of the ductus than from the aortic valve to the aortic end of the ductus. Analysis of the flow through
the ductus provides informations about the neonatal circulatory adaptation, especially in the early

neonatal period.
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Fig. 1. Color flow imagings of the ductal shunt.
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early systole

late systole

Flow through the ductus is demonstrated as blue (PA — Ao) in early systole (top) and as red (Ao —

PA) in late systole and throughout diastole (bottom).
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Fig. 2. Pulsed Doppler echocardiogram of a ductal shunt in a 2-hour-old neonate.
Ductal shunt flow is judged to be bidirectional by the flow velocity pattern obtained by pulsed
Doppler echocardiography with the sample volume positioned in the ductus at the pulmonary end.
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Fig. 3. Flow velocity patterns through the ductus by pulsed Doppler echocardiograms (1~3)
and continuous-wave Doppler echocardiograms (4~6).
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With increasing diastolic left-to-right ductal shunt velocities, the bidirectional ductal shunt flows
became a continuous left-to-right ductal shunt.
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Fig. 4. The times of appearance of bidirectional
ductal shunting and continuous left-to-right shunt-
ing in individual cases.

The appearance of the bidirectional ductal shunt
and the onset of the continuous left-to-right ductal
shunting are indicated in each neonate.
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Fig. 5. Continuous Doppler echocardiograms
illustrating the closing process of the ductus.
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Fig. 6. Maximal velocities of diastolic left-to-
right ductal shunts.

Flow velocities increase with age in the first 12
hours after birth.
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Fig. 7. Estimated diastolic aorto-pulmonary pres-
sure gradients measured on each examination.
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