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Contrast echocardiographic assessment of the
neonatal ductus arteriosus
D B KNIGHT AND V Y H YU

Department of Paediatrics, Queen Victoria Medical Centre, Melbourne, Victoria, Australia

SUMMARY Contrast echocardiography is a safe and accurate method of diagnosing patent ductus
arteriosus (PDA) in newborn infants. In this study the presence of PDA in very low birthweight
infants receiving mechanical ventilation was investigated by contrast echocardiography. This was

used as a basis for determining the accuracy of clinical signs and M mode echocardiography in the
diagnosis of PDA. At the first contrast echocardiographic examination at a mean age of 49 hours
PDA was found in 75% of infants. Clinical signs were inconsistent; 42% of the infants with PDA
at the first examination had a murmur, no relation being found between PDA and heart rate or

cardiothoracic ratio. Left atrial and left ventricular dimensions were significantly raised and left
systolic time intervals significantly lower in the group with PDA. There was, however,
considerable overlap, with the sensitivity of each measurement varying between 52% and 71%.
Left systolic time interval combined with left ventricular:aortic root ratio gives the best
differentiation between infants with or without PDA.

Accurate assessment and early treatment of patent
ductus arteriosus (PDA) has an important role in
the management of preterm infants with respiratory
disease. It has been reported that those with early
development of a left to right shunt had worsening
clinical condition, which improved after ablation of
the shunt.' In controlled studies infants undergoing
early closure of the PDA had significantly reduced
occurrence of bronchopulmonary dysplasia or
mortality,2 decreased duration of treatment with
oxygen and fewer days necessary to regain
birth weight,3 and lower rates of pneumothorax and
retrolental fibroplasia.4 At the same time data have
been accumulating on the inadequacies of conven-
tional clinical and M mode assessment of PDA.)
Up to 74% of infants with documented PDA had no
clinical murmur, and normal echocardiographic
dimensions and systolic time intervals have been
reported in the presence of PDA.

Contrast echocardiography, either with the
suprasternal notch or the left parasternal view, has
been shown to be a sensitive, safe, repeatable, and
accurate method of documenting PDA.-" In this
study the presence of PDA in a group of mechani-
cally ventilated very low birthweight infants was
diagnosed by contrast echocardiography to deter-
mine the accuracy of clinical and M mode assess-
ment of PDA.

Patients and methods

Infants with a birth weight of 1500 g or less who
were receiving mechanical ventilation were selected
for serial contrast and M mode echocardiographic
studies. Fifty three studies were carried out in 17
patients. All had umbilical arterial catheters in situ
with tips positioned between T5 and T9, for use in
the contrast echocardiographic study. Their mean
(SD) birth weight was 1107 (286) g with a range of
580-150() g, and the mean (SD) gestational age was
27-8 (2-5) weeks with a range of 23 to 31 weeks. All
had hyaline membrane disease except one who had
group B streptococcal pneumonia. The initial ex-
amination was carried out at a mean (SD) age of 49
(5-6) hours with a range of 42-62 hours. Clinical
evaluation preceded echocardiographic study on all
occasions. Infants were examined for the presence
of a systolic murmur maximal at the left sternal edge
or below the left clavicle or a continuous murmur,
with bounding pulses. The heart rate and car-
diothoracic ratio on chest x ray film were also
ascertained for correlation with contrast echocar-
diographic assessment of PDA.

Echocardiography was performed using an Ad-
vanced Technology Laboratories Mark 600 ultra-
sound system, which comprised an 86 0C Imager, a
51 D echo-analyser, and a 5 or 7-5 Megahertz
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transducer. Recordings were made from the supra-
sternal notch, visualising the transverse aortic arch
and right pulmonary artery.6 Additional recordings
were made of the left parasternal view of the
pulmonary valve.8 Recordings were graded as 'posi-
tive' if the right pulmonary artery filled or 'negative'
if only the transverse aortic arch filled. Between 0-5
and 1 ml of 5% dextrose solution was injected.
Peripheral venous injections were performed to
confirm the identity of the right pulmonary artery
and to document right to left shunts.
M mode echocardiograms were recorded and

measured according to the recommendations of the
American Society of Echocardiographyl) using
leading edge echos. Systolic time intervals were
measured according to the method of Hirschfeld
et al. i" The isovolumic contraction time was
calculated by subtracting the interval from the 0
wave to mitral valve closure from the pre-ejection
period at similar heart rates. Measurements were
made to an accuracy of 5 msec.

Statistical analysis was carried out using Fisher's

Table 1 Cliniiccal data on infants with and without patent
ductus arterio.sus at first study. Values are mean (SD)

hi/iiluts itl llo}u litsitiliout
)(Itii' lt (du is p)uiiatent duitus
arteriOIiU tirtet-iosiis
(a = 12/ (=4)

Birth wcight (g) 1107 (289) 1105 (3(09)
Gestational aigc (wk) 27 9 (2.6) 274 (2A4)
Apgar scorc it fivc milnutes 7-5(I 2) 795 (10)
hlighcst fractional inspiratoryoxygen 0)67 (0 18) 0959 ((021)
ILowest artcrial pairtiail pressurc of
oxyvgc: fraetioinal inispiraitor oxigven
ratio* 94 (47) 12(1 (73)

I lighest mcan airway presstirc
(cm H110) (128 (2 7) 12 2 (3X8)

Fluid intaike (rnl/kie/da9) 127 (64) 124 (26)

In first 48 hours.

exact test to determine the difference between
groups and the Mann-Whitney U test. Only the first
recording of an infant or the first recording after a

change in contrast pattern was used for statistical
comparison of echodimensions and timing. The
study was approved by the ethics in medical research
committee of the Queen Victoria Medical Centre.

Results

Satisfactory recordings were obtained from 49 of 53
echocardiograms. On three occasions no contrast
was visualised, and one recording was technically
unsatisfactory. Duct patency was documented on 35
occasions. A PDA was present in 12 (75%) of 16
infants (one initial study unsatisfactory) on the
initial contrast echocardiographic examination.
There was no significant difference in birth weight,
gestational age, Apgar scores, severity of respira-
tory distress, and fluid intake over the first 48 hours
between infants with and without PDA (Table 1).
At the time of the first examination seven (58%)

of the 12 infants with PDA did not have a murmur.

Overall, no murmur was heard in 23 (66%) of the 35
examinations in which a PDA was documented.
None of the infants without a PDA on contrast study
had a murmur. There was no significant correlation
between the presence of a PDA and the heart rate
or cardiothoracic ratio on chest x ray film.

Left ventricular end diastolic dimension and left
atrial dimensions were significantly raised and left
systolic time intervals (left pre-ejection period/left
ventricular ejection time (PEP/LVET)) were signifi-
cantly lower in infants with PDA (Table 2). The left
isovolumic contraction time and left isovolumic
contraction time:left ventricular end diastolic
dimension ratio were also significantly lower in the
presence of PDA. There was considerable overlap,
however, of the echocardiographic indices in infants
with and those without PDA (Fig. 1) and the

Table 2 Echocardiographic variables in infants with and without patent ductus arteriosus. Values are mean (SD)

Itfatts wit/i paletet InJants¶wit/tout patent p Value Sensitivitr ('Y/%)
dtuctts arteriostie ductus arterionts

LA (mm) 8X9 (2 4) 6 8 (((8) <()((1 61
LA:Ao 1.59 ((1.54) 1105 ((1 18) <(.()I 58
LVED (mm) 128 (1 6) 1(16 (0(9) <(0)()1I 64
LV:Ao 2-24 (0(38) 1 63 ((-23) <(1)-11 52
LPEP/l VET (-28 ((0(116) ((42 ((0(.06) <()(X)I 56
LICT (msec) 2(19 (11 7) 42(1 (9)() <(0)01 71
LICT/LVET () 1() ((0(.16) (122 ((()1(7) <(0()1 67

Positivc
Sensitivitv- x I("X/l.

Positivc + Negativc
LA=Ieft aitriili dimcnsions. LA:Ao=lcft .itrill:aortic ratio. LVI D=Ict( ventricular cnd diastoli dimcnsion. 1 V:Ao=lcft ventricular aortic raitio
PEP/LVET=Ieft prc-cjction period/lcft ventriculir ecection timc. I1CT=Icft isovolumie contraction time- LlCsT/I VET=Ieft svstolic timc intcrvall (left
isovolumic contraction timc/lcft ventricular ce(ction timc).
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Fig. 1 M mode measurements for infants witl (PDA) and
without (No PDA) patent ductus arteriosus. A First value
or value after a change in contrast pattern, A repeat
echocardiograms.

3-

2-Q0

j

LV:Ao

Fig. 2 Left atrial:aortic ratio (LA:Ao) plotted against left
ventricular:aortic ratio (L V:Ao). = Infants with patent
ductus arteriosus, O=infants without patent ductus
arteriosus (n=47, r=0-84).

sensitivity of each variable varied between 52% and
71%. There was a significant correlation between
the left atrial:aortic and left ventricular:aortic ratios
(Fig. 2) and a negative correlation between PEP/
LVET and left ventricular:aortic ratio (Fig. 3) or left
atrial:aortic ratio (Fig. 4).

Discussion

Contrast echocardiography is a sensitive method of
detecting shunts in the newborn and is useful in
detecting right to left shunts with venous injections'2

CLUa.

0.2

1 2 3 4
LV: Ao

Fig. 3 Left pre-ejection periodlleft ventricuilar ejection time
(PEPILVET) plotted against left ventricular:aortic ratio
(L V:A o). =lnfiants with patent ductus arteriosus,
0=infants without patent ductus arteriosus (n 44,
r=0-70, PEPILVET=0-61V-14 LV:Ao).
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Fig. 4 Left pre-ejection periodlleft venitricular ejection time
(PEPILVET) plotted against left atrial:aortic ratio
(LAA o). *=Infants with patent ductus arteriosus,
0=infants without patent ductus arteriosus (n =44,
r=0-59, PEPILVET=0-47-l10 LA:Ao).

or left to right shunts through the ductus
arteriosus.i8 It can detect a 5% right to left shunt.'3
In this study the suprasternal notch approach was

used. It was necessary to visualise contrast in either
the transverse aortic arch or the right pulmonary
artery or in both for the record to be considered
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satisfactory. Visualisation of contrast depends on
catheter position, volume and rate of injection of
contrast, and the rate of retrograde flow. Counter-
current injection has successfully been carried out
through a radial artery cannula. 14 Insufficient
retrograde flow would be more likely to occur with a
closed or narrow ductus arteriosus.

This study confirms the reports of preterm infants
with PDA who did not have a murmur, including
those with a large PDA in congestive heart fail-
ure. 9 Furthermore, individual M mode echocardio-
graphic dimensions and systolic time intervals were
found to be poor predictors of PDA. 15-17 The
sensitivity of M mode echocardiographic assessment
of PDA was enhanced by combining several
measurements. It has been shown that the left
ventricle may be enlarged when the left atrial size is
normal. I' The reduced systolic time intervals in
PDA also makes it a useful variable in combination
with dimensions. 9-2 Left atrial and left ventricular
enlargement occur either with an increased flow or
with altered compliance or contractility. An infant
with poor myocardial function would be expected to
have an enlarged left ventricle and left atrium and
may also have a murmur from atrioventricular valve
regurgitation with x ray appearances of cardio-
megaly and pulmonary venous congestion. The
systolic time interval, however, should help dis-
tinguish between such infants and those with PDA:
with decreased contractility the PEP/LVET is
increased but with PDA the preload increases and
the afterload decreases, decreasing this ratio. In the
present study there was a significant negative
correlation between the left ventricular:aortic ratio
and PEP/LVET, and these two measurements
distinguished best between those with and without
PDA. Our findings confirm that found in a study on
infants with clinically apparent PDA, which showed
that left heart dimensions combined with systolic
time intervals gave the best discrimination between
PDA and no PDA.2"

In conclusion, clinical assessment is inadequate at
detecting PDA early in the course in sick preterm
infants. Contrast echocardiography is a safe and
repeatable method of detecting PDA and document-
ing subsequent closure. Although previous studies
reported a significant rate of reopening of the ductus
arteriosus after apparent closure with treatment
with indomethacin, the efficacy of indomethacin is
better assessed objectively with contrast echocardio-
graphy. In one infant all variables returned to
normal after treatment with indomethacin, although
continuing duct patency was documented by
contrast. Subsequently, clinical and M mode
echocardiographic signs of PDA reoccurred, and
surgical ligation of the PDA was necessary. Objective

and accurate methods of documenting PDA, such as
with contrast echocardiography, are therefore
required for assessing the true efficacy of treatment
with indomethacin.
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