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Pulsed Doppler echocardiographic evaluation of
neonatal circulatory changes
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SUMMARY Pulsed Doppler echocardiograms were obtained from 42 normal fullterm neonates at
< 12 hours (20 subjects), 4 days (20 subjects), and 33 days (12 subjects). The acceleration time of
the flow velocity and ventricular systolic time intervals were measured on recordings obtained at
the right and left ventricular outflow tract, and the patency of the ductus arteriosus was evaluated
by the flow at the pulmonary end of the ductus. The flow velocity pattern of the right ventricular
outflow tract changed from a triangular shape with a peak velocity in early systole in the younger
age groups to a dome-like contour with a peak velocity in mid-systole; thus the ratio of mean
acceleration time to right ventricular ejection time increased with age. The flow velocity pattern
of the left ventricular outflow tract was triangular in all age groups, and the ratio of mean
acceleration time to left ventricular ejection time showed no significant change with age. The
right ventricular pre-ejection period shortened and the right ventricular ejection time lengthened
with age; thus the ratio ofmean right ventricular pre-ejection period to right ventricular ejection
time decreased with age. The left ventricular systolic time intervals showed no significant change
with age. The ductus arteriosus was patent in all subjects who were less than 12 hours old but was
closed in the older neonates.

Pulsed Doppler echocardiography is a valuable method of evaluating pulmonary vascular bed
in the early neonatal period.

Soon after birth the ductus arteriosus and foramen
ovale close and there are considerable falls in pul-
monary vascular resistance and pulmonary artery
pressure.' It would be useful to have a reliable non-
invasive method of evaluating these changes. Pulsed
Doppler echocardiography has been used to assess
blood flow in the heart and great vessels non-
invasively, and it has various clinical applications
including detection of valvular stenosis or
insufficiency and shunt lesions.23 The flow velocity
pattem of the right ventricular outflow tract has
been shown to be useful in assessing the pulmonary
vascular resistance and diastolic pressure of the pul-
monary artery in patients with congenital heart dis-
ease.4 5
To test the hypothesis that the flow pattern of the

right ventricular oudlow tract might reflect the
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decreasing pulmonary vascular resistance and
diastolic pressure of the pulmonary artery in the
early neonatal period we studied the normal flow
patterns of the right and left ventricular outflow
tracts in the first month of life by pulsed Doppler
echocardiography.

Subjects and methods

We examined 42 neonates and infants (estimated
gestation 37-41 weeks): 20 < 12 hours old (0 day
old), 20 3-9 days old (4 day old), and 12 28-37 days
old (1 month old). Ten neonates were examined
twice. All infants had uneventful perinatal histories
and were normal by physical examinations and by
cross sectional echocardiograms. The heart rates of
the infants ranged from 90 to 160 beats/min at the
time of examiination and neither arrhythmia nor
conduction abnormalities were noted. Informed
parental consent was obtained for all subjects before
examination.
For pulsed Doppler echocardiography we used an
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Aloka SSD-720 compound ultrasound diagnostic
device and a pulsed Doppler transducer (Aloka
ASU-32-5), with a carrier frequency of 50 MHz
and pulse repetition frequency of 80KHz. The
length of the sample volume was 2 mm. Doppler sig-
nals were analysed by fast Fourier transform with an
Aloka UGR-23 pulsed Doppler unit, displayed in
the form of frequency spectrum, and recorded with
an Aloka SSZ-95 strip chart recorder at a paper
speed of 100 mm/s together with an electro-
cardiogram and M mode echocardiogram on which
the depth of the sample volume was marked. Flow
away from the transducer was displayed below the
baseline and flow towards the transducer was dis-
played above the baseline. The time lag in the sam-
ple and frequency analysis of Doppler signals has
been estimated to be 22-28 ms.6 7
The transducer was placed at the intercostal space

of the left lower sternal border and at the apex to
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obtain clear parasternal short axis and apical long
axis images. The sample volume was then moved to
just below the semilunar valves at each ventricular
outflow tract and then to the pulmonary end of the
ductus. Care was taken to align the ultrasonic
Doppler beam with the flow in each ventricular
outflow tract. All infants were examined while they
were sleeping or resting quietly.
We measured three variables on the spectral

records of the pulsed Doppler echocardiograms of
the right and left ventricular outflow tracts: these
were the pre-ejection period (PEP), which was
defined as the time from the Q wave of the electro-
cardiogram to the onset of the ejection flow; the
acceleration time (AcT), which was defined as the
time from the onset of the flow to the peak velocity;
and the ejection time (ET), which was defined as the
time from the onset of the flow to the end of the flow
(fig 1). Five sequential complexes were measured

M'-4L~~LW~II~~~~~~~~~7 .-.:A: S . 43.;2,$ .S

Fig 1 Pulsed Doppler echocardiogram obtained at the right ventricular outflow tract (RVOT) and left ventricular outflow
tract (LVOT) 0 and S days after birth. (a) The right ventricular outflow tract flow pattern changedfrom a triangular shape
with a peak velocity in early systole (top) to a dome shape with a peak velocity in mid-systole (bottom). (b) The left
ventricular outflow tract flow pattern was triangular with a peak velocity in early systole and did not change with increasing
age. RPEP, right pre-ejection period; RVET, right ventricular ejection time; AcT, acceleration time; LPEP, left pre-ejection
period; LVET, left ventricular ejection time; SV, sample volume.
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Pulsed Doppler echocardiographic evaluation of neonatal circulatory changes
Table Right and left systolic time intervals and AcT:ET ratios at three ages (mean (SD))
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Oday (2-12 hrs) 4 day (3-9 days) I month (28-37 days)
(n = 20, M/F = 12/8) (n = 20, M/F = 11/9) (n = 12, MIF = 3/9)

Heart rate (beats/min) 121 (11) 117 (14) 142 (15)*

RPEP (ms) 93-8 (14-7) 721 (11-9)* 643 (5-8)*
AcT (ms) 687(16-7) 120-5 (18-9)* 101-0(20-8)*
RVET (ms) 1928 (13 5) 215-0 (17-4)* 200-6 (16-0)
RPEP:RVET 0-51 (0-12) 0-34 (0-07)* 0 32 (003)*
AcT:RVET 0 37 (009) 0-56 (007)* 0 52 (005)*

LPEP (ms) 76-9(13-1) 78-4(11-0) 69-8(75)
AcT (ms) 55-4 (9-7) 53-2 (7 6) 60-5 (14-3)
LVET (ms) 204-3(21-5) 194-9(16-6) 1894 (14.4)
LPEP:LVET 0 36 (005) 0 40 (006) 0 37 (005)
AcT:LVET 027 (004) 0 27 (004) 0 30 (003)

RPEP, right pre-ejection period; RVET, right ventricular ejection time; AcT, acceleration time; LPEP, left pre-ejection period; LVET,
left ventricular ejection time.
*p < 0-01 compared with 0 day old neonates.

and averaged to obtain the final systolic time interval
and AcT. PEP, AcT, and ET were determined in 12
recordings by one observer on two occasions. The
intra-observer variability for PEP, AcT, and ET
was 3%, 4%, and 2% respectively. The ductal
patency was also evaluated by means of diastolic for-
ward flow at the pulmonary end of the ductus.
Data were expressed as mean (SD) and were com-

pared with those of other groups by Student's
unpaired t test. A probability value < 0 01 in the two
tailed test was considered to be significant.
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Results

FLOW VELOCITY PATTERN OF RIGHT AND LEFT
VENTRICULAR OIJ.TFLOW TRACT
The flow velocity pattern of the right ventricular
outflow tract was initially triangular with a peak
velocity in early systole; this changed to a dome-
like contour with a peak velocity in mid-systole
(fig la).
The mean right ventricular AcT increased from a

mean of 68 7ms in the 0 day old neonates to
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Fig 2 AcT:RVETand AcT:LVETat three ages. AcT, acceleration time; RVET, right ventricular ejection time;
LVET, left ventricular ejection time. Means (1 SD) are shown.
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120-5 ms in the 4 day olds and to 1O1 l ms in the 1
month olds (table).
The mean AcT:RVET ratio increased

significantly with age from 0 37 in the 0 day olds to
0 56 in 4 day olds and to 0 52 in 1 month olds (fig 2).
None of AcT:RVET ratios was < 0-42 in the older
groups. In all 10 infants who were examined on two
occasions the AcT:RVET ratio was higher at the
second examination (fig 3).
The flow velocity pattern of the left ventricular

outflow tract was also triangular with a peak velocity
in early systole, but this pattern did not change with
increasing age (fig lb). The mean left ventricular
AcT varied from 53-2 to 60-5 ms (table) and the
mean AcT:LVET ratio varied from 0-27 to 0 30
(fig2).

RIGHT AND LEFT VENTRICULAR SYSTOLIC
TIME INTERVALS
Right ventricular systolic time intervals changed
significantly with age (table). The right ventricular
pre-ejection period (RPEP) decreased from a mean
of 93-8 ms in the 0 day olds to 72- 1 ms in the 4 day
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olds and to 64-3ms in the 1 month olds.
The right ventricular ejection time (RVET)

increased from a mean of 192 8 ms in 0 day olds to
215-0ms in 4 day olds and then decreased to
200 6 ms in the 1 month olds. The mean heart rate
of 1 month olds was increased. The mean
RPEP:RVET ratio declined from 0-51 in 0 day olds
to 0 34 in 4 day olds and to 0-32 in the 1 month olds
(fig 4). A second examination in 10 neonates showed
a decreased RPEP:RVET ratio (fig 3).

Left ventricular systolic time intervals showed no
significant variation with age (table). The mean left
ventricular pre-ejection period (LPEP) varied from
69-8 to 78-4 ms and the mean left ventricular ejection
time (LVET) varied from 189-4 to 204i3ms. The
mean LPEP:LVET ratio varied from 0-36 to 0 40
(fig 4).
PATENCY OF THE DUCTUS ARTERIOSUS
Left to right shunt flow through the ductus was
detected with pulsed Doppler echocardiography in
all 0 day old neonates, whereas none of the 4 day old
or the 1 month old neonates had ductal flow.

w

w

1 2 3 4 5 1 2 3 4 5
Age (day) Age (day)

Fig 3 Sequential AcT:RVETand RPEP:RVETratio in 10 neonates. RPEP, right pre-ejection period; RVET,
right ventricular ejection time; AcT, acceleration time.
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Pulsed Doppler echocardiographic evaluation of neonatal circulatory changes
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Fig 4 RPEP:RVETratio and LPEP:LVETratio at three ages. RPEP, right pre-ejection period; RVET, right
ventricular ejection time; LPEP, left pre-ejection period; LVET, left ventricular ejection time. Means (I SD) are
shown.

Dicussion

M mode and cross sectional echocardiograms have
been widely used to evaluate cardiac function,8 to
diagnose congenital heart diseases,9 and to assess the
pulmonary vascular bed.'01' These non-invasive
techniques are especially useful in neonates.
Detailed pulsed Doppler echocardiographic studies
of the haemodynamic status of normal or diseased
neonates, however, have not been performed before.
We found that the shape of the flow velocity

envelope of the right ventricular outflow tract in
healthy infants changed considerably in the early
neonatal period from a triangular shape to a dome-
like contour; this was confirmed by an increase in
AcT:RVET ratio. We considered that an
AcT:RVET ratio of < 0-42 indicated the presence of
pulmonary hypertension. This change may reflect a
decrease ofpulmonary artery pressure.1 The change
in the AcT:RVET ratio is regarded as an indicator of
pulmonary vascular resistance and pulmonary artery
pressure in laboratory animals12 and patients with
pulmonary hypertension.45 Franklin et al reported
the pattem of right ventricular ejection as a gradual
increase in flow with a rounded peak in mid-systole

and that of the left ventricular ejection as an abrupt
increase in flow with a sharp peak in early systole. As
pulmonary artery resistance increases the ejection
pattern of the right ventricle approaches that of the
left ventricle.'2 With pulsed Doppler echo-
cardiography the flow velocity pattern of the right
ventricular outflow tract in normal controls has a

dome-like contour with a peak velocity in mid-
systole, whereas in patients with pulmonary hyper-
tension the envelope is triangular with a peak veloc-
ity in early systole."5 Thus pulsed Doppler
echocardiography may be used to detect raised pul-
monary artery pressure.4 The rapid acceleration of
the flow in the pulmonary artery appears to be
caused by the increased peak dP/dt of the pressure
load of each ventricle,'3 and the early deceleration
of the flow appears to be caused by the high total
pulmonary vascular resistance and increased pul-
monary vascular impedance." Okamoto et al
reported that the triangular envelope ofthe flow pat-
tem is a specific feature of the pulmonary ejection in
patients with pulmonary hypertension.' Kitabatake
et al examined the flow velocity pattern in the right
ventricular outflow tract in adults with pulmonary
hypertension and found that AcT or AcT:RVET
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166 Shiraishi, Yanagisawa
decreased as pulmonary artery pressure increased.5
Pulmonary artery pressure has been evaluated

from the flow pattern obtained at the main pul-
monary artery by pulsed Doppler echo-
cardiography.'5 The flow in the main pulmonary
artery in the early neonatal period is likely to be
affected by the shunt flow through the ductus
arteriosus. This is why we used the flow pattern of
the right ventricular outflow tract to assess the pul-
monary vascular bed.

Cardiac catheterisation in normal infants has
shown that pulmonary artery pressure is high soon
after birth and gradually falls in the first days of
life.'

Variables other than these direct measurements
have been used to assess the pulmonary vascular bed
non-invasively. The systolic time interval, which
appears to be influenced by factors such as afterload,
myocardial contractility, ventricular electrical acti-
vation, preload, or heart rate,16 17 is one of the non-
invasive variables that has been used to evaluate car-
diac function and the pulmonary vascular bed.'8 We
used pulsed Doppler echocardiography to measure
the systolic time intervals of the right and left ventri-
cles. There was a clear decline of absolute RPEP and
RPEP:RVET ratio in the early neonatal period.
These findings are compatible with the previous
reports in which M mode echocardiography was
used. ' Our method determines the onset and the
end of the ejection more accurately. The pre-
ejection period of each ventricle was, however,
longer in our study. The time lag between sampling
and frequency analysis was probably responsible for
this.67 Riggs et al obtained serial M mode echo-
cardiograms from normal full term infants and mea-
sured right ventricular systolic time intervals from
the pulmonary valve echo.10 They showed that
alterations in the RPEP:RVET ratio reflected the
decreasing pulmonary artery pressure and pul-
monary vascular resistance in the early neonatal
period.
Another important aspect in our study is the

assessment of the patency of the ductus arteriosus.
In all the 0 day olds there was forward flow at the
pulmonary end of the ductus during diastole indi-
cating patency of the ductus. No forward flow was
detected in older neonates. Pulsed Doppler exam-
ination in combination with cross sectional echo-
cardiography is a non-invasive and highly sensitive
method of evaluating the patency of the ductus
arteriosus.920 The ratio of LPEP:LVET was
slightly but not significantly lower in the 0 day old
neonates. This might be the result of increased pre-
load and decreased afterload of the left ventricle
caused by the left to right shunt through the ductus
arteriosus. Pulmonary artery pressure did not fall

abruptly after the establishment of respiration
despite a considerable decrease in the pulmonary
vascular resistance.' We did not measure the shunt
through the ductus; however, an increase in pul-
monary blood flow caused by the left to right shunt
may have influenced pulmonary artery pressure and
pulmonary vascular resistance in the neonates who
were < 12 hours old.

We thank Professor T Tamada, Dr S Konuma, and
their associates at the Departnent of Obstetrics and
Gynaecology, Jichi Medical School Hospital, for
their valuable cooperation.
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