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SUMMARY A volumetric Doppler technique was used to measure net ductus arteriosus shunt
during the first 48 hours of life in 30 infants of less than 33 weeks' gestation, and in 10 full term
infants. In the full term infants a left to right shunt of 62 ml/kg/minute (95% confidence limits
43-82) shortly after birth decreased rapidly over the first 12 hours and was not measurable by 48
hours. The preterm infants had smaller left to right shunts shortly after birth-49 ml/kg/minute
(95% confidence limits 38-59). There was no obvious subsequent change in the mean shunt,
although by 48 hours there was greater variation in the size of the shunt. The respiratory distress
syndrome did not affect the size of the ductal shunt, but the shorter the gestation period the
larger the shunt by 48 hours. A ductal flow of greater than 70 ml/kg/minute at 48 hours of age
predicted the subsequent development of a ductal murmur with 75% sensitivity and 100%
specificity.

During intrauterine life the ductus arteriosus shunts
blood right to left, away from the high resistance
pulmonary circulation into the descending aorta.
After delivery vascular resistance and pressure fall
rapidly in the pulmonary circulation and rise in the
systemic circulation. The reversal of the pressure
gradient across the ductus arteriosus leads to a net
left to right shunt until functional closure of the
ductus occurs. In preterm infants closure of the
ductus is often delayed, leading to persisting left to
right or bidirectional shunts that may decrease lung
compliance, increase the work load of the left
ventricle, and decrease perfusion of the myocardium
and other systemic vascular beds.' During the early

Patients and methods

The velocity of blood flowing within the aorta may
be calculated from the frequency shift of ultrasound
scattered back from moving blood corpuscles
according to the formula:
velocity = frequency shift x c / 2fcos A
where c = speed of ultrasound in tissue (1500
cm/second); f = frequency of ultrasound, and A =
Doppler angle.
If the aorta is evenly covered by the ultrasound
beam then the average time and spatial velocity may
be derived from the frequency power spectrum of
days of life these ductal shunts are not usually the shifted Doppler signal. By using the full power
accompanied by the cardiac murmur which is spectrum, the average velocity may be accurately
calculated, irrespective of variation in the velocity
characteristic of them after the first week.2 3
The time of closure of the ductus arteriosus has profile across the vessel lumen. Volume flow is the
been studied at necropsy,4 and by various product of average velocity and aortic cross seccatheterisationl916 and echocardiographic7 tech- tional area. If flow is measured in this way just
niques. These techniques are either invasive and above and just below the origin of the ductus
difficult to interpret,8 or are sensitive to small and arteriosus then net ductal flow may be calculated by
functionally irrelevant jets of blood flowing through subtraction.
In this study a duplex ultrasound scanner (ATL
the ductus arteriosus. This study quantitatively
compared the time course of ductal shunting in both Mk 600) was used to identify the aorta and locate
full term and preterm infants during the first 48 the pulsed Doppler sample volume and measure the
Doppler angle using the real time image. The
hours of life.
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ively.
To assess the effect of respiratory distress the
mean of the alveolar to arterial oxygen gradients at
the time of each study was calculated. A division
point of 200 mm Hg was arbitrarily chosen to
separate the infants with moderate or severe respiratory disease from those with mild or absent disease.
To eliminate bias due to gestational age we matched
13 infants from each group to within one week.
Doppler recordings were made initially between 1
and 2 hours of age, and then at 6 hours (in the
preterm group only), 12 hours, 24 hours, and 48
hours of age. Parental consent was obtained before
Doppler examination of both term and preterm

infants.
Results
In the term infants the mean ductal shunt at 1-2
hours of age was 62 ml/kg/minute left to right (95%
confidence limits 43 to 82). Over the first 12 hours of
life the shunt had reduced to 14 ml/kg/minute (95%
confidence limits -6 to + 33, p = 0.005), and by 48
hours to 0*5 ml/kg/minute (95% confidence limits
-10 to +11, p = 0.005) (figure).
In the preterm infants the mean ductal shunt at
1-2 hours was 49 ml/kg/minute left to right (95%
confidence limits 38 to 59, significantly less than the
shunt in the term group, p = 0.04). Over the
following 48 hours there was no significant change in
the size of the mean ductal shunt. There was,
however, a progressive fall in the median size of
Table 1 Clinical characteristics of 30 preterm infants
studied
Clinicalfeature

No of cases

Sex (M:F)

13:17

Reason for delivery:
Spontaneous preterm labour
Antepartum haemorrhage
Prolonged rupture of membranes
Hypertension
Delivery (vaginal:caesarian section)
Maternal drugs during labour or delivery:
General anaesthesia
Epidural anaesthesia
Opiate analgesia

18
5
6
1
18:12
10
7
3
3
22:8
16

Oxytocin
Singletons:twins
Respiratory distress syndrome
Respiratory support during first 48 hours:
Positive pressure ventilation
22
Continuous positive airways pressure
5
Received muscle paralysis
3
Survived to hospital discharge
29
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interfaced to a microcomputer (Apple
Ile), and the full Doppler power spectrum from
about five cardiac cycles was fed into the memory
bu.fore being processed to remove noise and the
calculation of the average velocity was made; it was
then stored on disc. A 5 mm pulse gate and 100 Hz
wall filter were used. Imaging was performed at 7-5
MHz and Doppler studies at 5 MHz. The Doppler
sample volume was placed in the proximal ascending
aorta from a substernal four chamber view, in the
preductal aorta from a suprasternal or left
supraclavicular long axis view, and in the postductal
aorta close to the diaphragm from a low substernal
long axis view. The combination of a discrete pulsed
Doppler sample volume and duplex Doppler
imaging allowed us to confirm the precise origin of
the Doppler signals.
The aortic diameter at the three sites of Doppler
velocity sampling was measured using precordial M
mode imaging from which the area could be
calculated by assuming a circular cross section.
Perpendicular preductal aortic M mode measurements were sometimes impossible; measurements
were then made from the real time image. These
usually correlated closely with the M mode measurements made postductally.
Volume flow Doppler systems are susceptible to
both systematic and random errors. Systematic
errors are usually due to the preferential sampling of
central stream velocities. These were minimised in
this study by calibrating the system in the laboratory
using a range of vessel diameters in a pulsatile flow
rig that was filled with human blood. Errors
in the measurement of vessel diameter and Doppler
angle are usually random and their effect was
diminished by taking the mean of at least four
recordings from each site.
The Wilcoxon signed rank matched pairs, MannWhitney U (2 tailed) or Fisher's exact tests were
used as appropriate to calculate the significance of
differences.
The group born at term comprised 10 infants of
greater than 37 weeks' gestation who had no
perinatal problems (range 38-41 weeks, median 40
weeks; birth weight 2730-3960 g, median 3275 g).
Those infants who were bottle fed received 60 and
90 ml/kg/day on the first and second days of life,
respectively.
The preterm group comprised 30 infants born at
the Bristol Maternity Hospital between June 1985
and January 1986 at 33 completed weeks of gestation or less. Those with congenital malformation
(range 24-32 weeks, median 30 weeks, birth weight
760-2140 g, median 1430 g) were excluded. Table 1
summarises their clinical characteristics. A standard
fluid regimen of 60-80 and 90-120 ml/kg/day was
scanner was
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given on the first and second days of life, respect-
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Figure Net ductalflow (mllkglminute) in term (n=1O) and preterm (n=30) infants during first 48 hours oflife. Flow left to
right expressed as positive. Points represent mean (SD) (@) or median (*).

ductal shunt and a progressive widening of the
variety of sizes of shunts (figure). The ductal shunts
in the preterm infants were significantly greater than
in the term infants from 12 hours of age (p=
00008).
There was no significant difference in size of
ductal shunt at any age between the matched groups
with severe and mild or absent respiratory distress
(table 2).
Shortly after birth there seemed to be no difference dependent on gestational age in the size of
ductal shunt. Although there were only four infants
of less than 27 weeks' gestation surviving at 48 hours
of age, three of them had ductal shunts greater than
70 ml/kg/minute (one as large as 212 ml/kg/minute).
Of the remaining 24 infants studied of gestational
age from 27 to 33 weeks (one infant was too unstable
to study at 48 hours), only three had ductal shunts
greater than 70 ml/kg/minute at 48 hours (correlation coefficient between shunt at 48 hours and
gestational age, r = -0.47, p = 0.01).
During the study no cardiac murmurs were heard,
but nine infants subsequently developed characteristic ductal murmurs. Of the 28 infants studied at 48
Table 2 Median ductal shunts in respiratory distress
syndrome (mllkglminute)
Extent of
respiratory
distress syndrome

Age (hours)
15

6

12

24

48

Mean

(0-48)
Minimal
Severe

50
43

47
55

30
50

51
35

32
37

43
38

hours of

age,

all of the six with ductal shunts of

greater than 70 ml/kg/minute went on to develop
murmurs, while only two with smaller shunts at 48

hours later developed murmurs (sensitivity 75%,
specificity 100%; Fisher's exact test p = 0.0001).

Discussion

Doppler ultrasound offers a safe and non-invasive
technique for the assessment of the circulation in
newborn infants. It has been used to investigate the
cerebral circulation,9 for the measurement of cardiac output,'( and in the diagnosis of congenital
heart disease.l This study extends the latter application by measuring flow in the aorta above and
below the level of the ductus arteriosus, thus
allowing calculation of the net flow through the duct
by subtraction. A similar technique has been used to
assess bloodflow to the head and neck.'2 Direct
Doppler measurement of flow within the ductus is
not feasible as angle and diameter are rarely
measurable from the real time image.
The major limitation of volume-flow Doppler
techniques is its lack of accuracy13; this assumes
even greater importance when two measured flows
are subtracted as in this study. Systematic error was
minimised by laboratory calibration of the system
using a pulsatile flow rig in which blood flow
could be precisely, accurately, and independently
measured. Random error in volumetric Doppler
methods derives mainly from inaccuracy of the
measurement of the Doppler angle and the vessel
diameter.'3 Error from both sources was minimised
by making multiple measurements at each site and
by comparing flow sequentially in groups of infants.
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This new technique provides physiological information which cannot otherwise be obtained
without unjustifiably invasive techniques. It may
also provide useful clinical information about the
size of large ductal shunts in individual patients, but
with current machines it is time consuming, requires
great care, and is progressively less accurate the
smaller the ductal shunt. Doppler techniques that
use an analysis of wave form shape may be more
useful for routine clinical assessment of the size of
ductal shunts.'4 15
The technique used in this study measures the net
ductal shunt integrated over several seconds. The
measurement of a net left to right shunt in an infant
does not preclude there being a right to left
component at some point in the cardiac cycle. At the
time of the first study (between 1 and 2 hours of age)
in both term and preterm infants the net ductal
shunt was left to right, even in the presence of the
respiratory distress syndrome. This confirms previous reports that the major right to left cardiac
shunt in preterm infants with the respiratory distress
syndrome is at atrial rather than ductal level. 16
Placing the Doppler sample volume within the
ductus itself shows that initially the flow is
bidirectional-right to left in early systole, becoming left to right in late systole and diastoleconfirming previous studies using catheters.'7
The size of the ductal shunt is determined by the
pressure gradient between the systemic and pulmonary circulations, the degree of ductal constriction,
and possibly by the angle at which the ductus joins
the aorta. The net left to right shunt indicates that
the mean pulmonary artery pressure is below the
systemic pressure even in respiratory distress syndrome. The relatively smaller shunt shortly after
birth in the preterm group, compared with that of
the term group, probably represents a decreased
aortopulmonary gradient due to delayed fall in
pulmonary artery pressure.
As far as we know this is the first report of a noninvasive volumetric technique to measure the rate of
closure of the ductus arteriosus. The rapid
diminution in ductal shunt in the term infants must
reflect the rapid closure of the ductus itself. The
time to closure is shorter than has been suggested in
other studies, which have looked qualitatively at the
effect of the ductal shunt on the pulmonary artery
waveform.7 These studies may have been measuring
small and functionally irrelevant ductal jets that
cause disproportionately large disturbances within
the pulmonary artery. In the preterm group no
change in mean ductal flow over the first 48 hours, a
progressive decrease in median flow, and an increase

in variance within the

group

indicate that in

most infants there was some decrease in shunting,

but that this was balanced by a few infants in whom
the size of the shunt progressively increased.
Although the numbers were small, it seemed that
the infants with increasing shunts were usually
younger than those in whom they decreased. Interestingly, in this study, contrary to some previous
reports,' 18 we found that the respiratory distress
syndrome did not influence the size of shunt or rate
or ductal closure. The previous studies, however,
did not attempt to separate the independent influences of prematurity and respiratory distress syndrome. Either the latter has no effect on ductal
tone, or the effects of persisting ductal patency are
counteracted by increased pulmonary vascular tone.
This study confirms previous reports of pronounced ductal shunts without characteristic ductal
murmurs, particularly within the first few days of
life.2 3 Clinical reference to 'opening of the duct' in
preterm infants may be inaccurate: in most cases the
duct will have been patent from birth and any
increase in ductal shunt may be due to an increasing
gradient between systemic and pulmonary pressures. The absolute values for ductal shunts
measured in this study, however, even in the
preterm group, are considerably smaller than those
recorded in infants with ductal murmurs, wide pulse
pressure, and incipient cardiac failure in the second
and third weeks of life. The silence of early ductal
shunts may be due to a combination of their small
aortopulmonary gradients, their large calibre, and
their small volume, which all contribute to a lack
of turbulence.
We do not know how much clinical importance to
attach to these early and usually small left to right
ductal shunts. We speculate that during the early
hours of life the sick or preterm infant may not be
able to tolerate even an average shunt of 25% of left
ventricular output because of the stressed and
perhaps asphyxiated myocardium. If left ventricular
output is not increased by an amount equalled by
that of the ductal shunt then peripheral perfusion
will be affected, especially that of the gastrointestinal tract, kidneys, and possibly that of the brain. At
the same time the ductal shunt may exacerbate lack
of compliance of lungs which are already atelectatic.
Further study is required.
Interestingly, the size of ductal shunt measured at
48 hours was predictive of subsequent ductal murmurs. This suggests that many infants develop
persistent ductal patency even at that early age. If
this is so, Doppler ultrasound scanning might be
used to select those infants who could benefit from
pharmacological or other intervention to promote
ductal closure. Again further study is required.
We thank Drs P M Dunn, P J Fleming, and B D Speidel for
permission to study patients under their care.
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