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A preliminary study of the application of the
transductal velocity ratio for assessing persistent

ductus arteriosus
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Abstract

Objective—To compare the transductal
velocity ratio (TVR) of the persistent duc-
tus arteriosus (PDA) with other echocar-
diographic criteria for haemodynamic
significance of a PDA.

Methods—This was a prospective study
(from January 1997 to August 1998) in the
nurseries of the Royal Women’s Hospital,
Melbourne. Infants with a clinically sus-
pected PDA were eligible and included if
the echocardiogram showed a PDA with a
structurally normal heart and the TVR
had been measured. The PDA was as-
sessed for evidence of left heart dilatation,
the presence of reverse or absent diastolic
flow in the descending aorta, the pattern
of Doppler flow velocity waveform in the
ductus arteriosus, and subjective assess-
ment of ductal diameter on the real time
image. The peak systolic velocity (PSV)
was obtained from the pulmonary and
aortic ends of the PDA, and the TVR
calculated by dividing the PSV at the pul-
monary end by the PSV at the aortic end.
Results—Forty two infants had 59
echocardiographs with their TVR calcu-
lated. Mean (SD) birth weight was 1008
(362) g. Mean (SD) gestational age at birth
was 27.4 (2.2) weeks with a mean (SD)
corrected gestational age of 28.7 (2.7)
weeks. The mean TVR was decreased in
those infants with a high left atrial
diameter/aortic diameter (LA/Ao) ratio
(1.9 v 2.8, p = 0.0032) or reverse/absent
diastolic flow in the descending aorta (2.1
v 3.0, p=0.02). This difference was
greater if those two criteria were com-
bined (1.7 v 3.4, p = 0.0027). The mean
TVR was decreased in infants with a wide
open duct seen on two dimensional imag-
ing (1.5 v 3.0, p < 0.0001) or pulsatile flow
seen on pulsed Doppler in the PDA (1.9 v
3.4, p = 0.0001). The LA/Ao and left ven-
tricle internal diameter/aortic diameter
(LVIDd/Ao0) ratios were higher in the
group with a TVR < 1.8 than in the other
two groups; these differences were statisti-
cally significant.

Conclusions—The TVR as a measure of
the degree of constriction of a PDA is
associated with other echocardiographic
criteria for a haemodynamically signifi-
cant PDA. A low TVR (signifying a poorly
constricted duct) is associated with
echocardiographic features of a signifi-
cant left to right shunt, and vice versa.

Further research is required to determine
the usefulness of the TVR in predicting
closure or likely continuing patency of a
PDA and the need for treatment.

(Arch Dis Child Fetal Neonatal Ed 2000;82:F195-F199)
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Persistent ductus arteriosus (PDA) occurs
commonly in preterm infants admitted to the
neonatal intensive care unit. A PDA with
significant left to right shunting can lead to
complications such as respiratory distress,’
cardiac failure (partially compensated for by
increased cardiac output),’’ low blood
pressure,” and decreased peripheral organ
perfusion.” A haemodynamically significant
PDA leads to an increased incidence of
intraventricular haemorrhage,” necrotising
enterocolitis,’ and chronic lung disease.” ®

The diagnosis of a PDA is easy to establish
using current non-invasive echocardiographic
techniques, especially colour flow Doppler.
The important aspect of assessment of a PDA
is whether the degree of left to right shunting
across the PDA is of haemodynamic signifi-
cance and will therefore require treatment.’

The increase in velocity of blood through a
constricted PDA can be expressed as a ratio of
the velocity at the pulmonary end of the duct to
the velocity at the aortic end of the duct. This
is the transductal velocity ratio (TVR) and it is
proportional to the degree of constriction of
the PDA. The calculation of such a velocity
ratio is a standard method of assessing the
degree of constriction in stenotic carotid
arteries.” '’ The TVR has been used in our unit
as a guide to the degree of constriction of a
PDA; however, it has not been formally
studied. The aim of this study was to compare
the TVR with other echocardiographic criteria
of haemodynamic significance.

Methods

This was a prospective study conducted, over a
two year period from January 1997 to August
1998, in the intensive and special care nurser-
ies of the Royal Women’s Hospital, Melbourne.
Infants who had had an echocardiogram for a
clinically suspected PDA were eligible to be
studied. Those infants who had had their TVR
measured (only if there was no right to left
ductal flow), at the time of a cardiac scan were
included in the study. Infants with any cardiac
malformation (other than the PDA) or pulmo-
nary hypertension were excluded. All echo-
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Figure 1  (A) Echocardiogram (with colour Doppler flow)
showing the ductus arteriosus visualised in its longitudinal
axis through an acoustic window at the left upper
parasternal area. (B) Schematic diagram showing features
shown in (A). The positioning of the pulsed Doppler sample
volume is indicated by squares. MPA, main pulmonary
artery; Asc Ao, ascending aorta; Pulm end, pulmonary end
of the ductus arteriosus; Ao arch, aortic arch; PDA,
persistent ductus arteriosus; Aortic end, aortic end of the
ductus arteriosus; Desc Ao, descending aorta; LA, left
atrium; RPA, right pulmonary artery.

cardiography was performed by a single opera-
tor (FRB).

The cardiac scans were performed using the
S611 phased array sector probe (5.7 MHz for
real time scanning and 4.0 MHz for pulsed
Doppler) on a GE LOGIQ 500 ultrasound
scanner (GE Medical Systems, Waukesha,
Wisconsin, USA). The standard acoustic
windows and planes of scanning (apical four
chamber view, left parasternal long axis and
short axis views, subcostal view, right paraster-
nal and suprasternal views) were used to obtain
a complete assessment of cardiac anatomy, M

Table 1 Comparisons of mean (SD) transductal velocity ratios (TVR) between
haemodynamically significant and non-significant ducts as assessed by various
echocardiographic criteria

Echocardiography criteria Significant Non-significant p Value
LA/Ao > 1.48 and reverse/absent 1.7 (0.8) (n = 18) 3.4 (1.3) (n=10) 0.0027
diastolic flow

LA/Ao > 1.48 1.9 (0.9) (n = 26) 2.8 (1.2) (n =31) 0.0032
LVIDd/Ao > 1.92 2.2(1.3) (n=11) 2.5 (1.2) (n =35) 0.52
Reverse/absent diastolic flow* 2.1 (1.0) (n = 36) 3.0 (1.3) (n=16) 0.02
Open on 2D echo image 1.5 (0.6) (n = 22) 3.0 (1.1) (n = 27) < 0.0001
Pulsatile flow in PDA 1.9 (0.9) (n = 36) 3.4 (1.0) (n =16) 0.0001
LVIDd > normal 2.0 (1.0) (n =18) 2.6 (1.2) (n=33) 0.058

Numbers in columns differ slightly due to unavailability of some variables in individual patients.
p Values assessed by Student’s 7 test.

*Reverse or absent diastolic flow in the descending aorta.

LA/Ao, left atrial diameter/aortic diameter ratio; LVIDd/Ao, left ventricle internal
diameter/aortic diameter ratio.
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mode measurements of cardiac chambers and
great vessels, and colour Doppler flow. The
presence of a PDA was established using real
time colour flow mapping and pulsed and/or
continuous wave Doppler. The left atrial
diameter/aortic diameter ratio (LA/Ao), left
ventricular internal diameter in diastole
(LVIDA), left ventricle internal diameter/aortic
diameter ratio (LVIDd/Ao), and left ventricular
fractional shortening were measured. Pulsed
Doppler flow velocity waveforms in the de-
scending aorta were assessed for the presence
of reverse or absent diastolic flow. If possible, a
two dimensional image of the PDA was
obtained to determine if it was wide open or
looked constricted. The pattern of Doppler
flow velocity waveform in the ductus arteriosus
was noted—that is, pulsatile or non-pulsatile."!
A LA/Ao ratio >1.48 and LVIDd/Ao ratio
>1.92 were considered abnormal at any gesta-
tion; these numbers are derived from reference
ranges developed in our unit (F R Betheras ez
al, unpublished data, 1998). The left ventricle
was considered dilated if the LVIDd was
outside our normal reference range for cor-
rected gestational age (F R Betheras ez al,
unpublished data, 1998).

To obtain the TVR, the PDA was visualised
in its longitudinal axis through an acoustic
window at the left upper parasternal area. The
entire PDA was seen in the centre of the image
showing both the pulmonary and the aortic
end clearly (fig 1). This plane was best
obtained by using the colour flow mapping
mode to visualise the ductal flow at its
maximum intensity. Pulsed Doppler flow
velocity waveforms were obtained from the
pulmonary and aortic ends of the PDA, and the
peak systolic velocity (PSV) measured. The
TVR is derived by dividing the PSV at the pul-
monary end by the PSV at the aortic end. Usu-
ally the colour mode was switched off to
visualise the pulmonary and aortic ends of the
duct clearly on two dimensional imaging for
placement of the pulsed Doppler sample
volume. The colour flow map of ductal flow
usually extends beyond the anatomical edges of
a duct and this can lead to incorrect placement
of the sample volume.

The TVRs were divided into three groups for
analysis: < 1.8, 1.8-3.7, and >3.7. These
groups are used in assessment of the degree of
carotid artery constriction, with systolic veloc-
ity ratios of < 1.8, 1.8-3.7, and >3.7 indicating
< 60%, 60-79%, and =80% diameter stenosis
respectively.'

Non-skewed continuous data were analysed
by Student’s ¢ test or analysis of variance. Pro-
portional data were analysed with the uncor-
rected y* test. Statistical significance was
assumed at the 0.05 level.

Results

During the study period, 42 infants had 59
echocardiographs performed and had their
TVR calculated. They had a mean (SD) birth
weight of 1008 (362) g, and a mean (SD)
gestational age at birth of 27.4 (2.2) completed
weeks. At the time of the scan, their mean (SD)
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Table 2 LA/Ao ratio and aortic diastolic flow by the transductal velocity ratio of the patent ductus arteriosus
Transductal velocity ratio
<18 1.8-3.7 >3.7 p Value
Mean (SD) LA/Ao 1.6 (0.4) (n = 24) 1.3(0.3) m=23) 1.3 (0.3) (n=10) 0.011*
Mean (SD) LVIDd/Ao 1.9 (0.3) (n =19) 1.7 (0.2) (n = 18) 1.7 (0.3) (n=9) 0.049*
Number (%) with
Forward diastolic flow 4 (17) 7 (35) 5 (56)
Reverse/absent diastolic flows 19 (83) 13 (65) 4 (44) 0.09671

Numbers in columns differ slightly due to unavailability of some variables in individual patients.

*One way analysis of variance (ANOVA); 1y test.
FReverse or absent diastolic flow in the descending aorta.

LA/Ao, left atrial diameter/aortic diameter ratio; LVIDd/Ao, left ventricle internal diameter/aortic diameter ratio.

corrected gestational age was 28.7 (2.7)
completed weeks, and their mean (SD) post-
natal age was 10.7 (9.0) days.

Table 1 summarises differences in TVR
between groups of infants with significant or
non-significant PDAs (assessed by various
echocardiographic criteria). The mean TVR
was decreased in those infants with a high
LLA/Ao ratio or reverse/absent diastolic flow in
the descending aorta. This difference was
greater if these two criteria were combined; the
group with both criteria present was compared
with the group with both criteria absent. The
mean TVR was decreased in those infants with
a wide open duct seen on two dimensional
imaging or pulsatile flow seen on pulsed Dop-
pler in the PDA. All these differences were sta-
tistically significant. There was a trend towards
a difference in mean TVR between groups with
a dilated or non-dilated left ventricle, but this
did not reach statistical significance. There was
no difference in mean TVR when significance
was defined as an increased LVIDd/Ao ratio.

Table 2 shows the differences in the degree
of left heart overload and flow in the descend-
ing aorta by the TVR groups. The LLA/Ao and
LVIDd/Ao ratios were higher in the group with
a TVR < 1.8 (<60% stenosis) than in the
other two groups. These differences are statis-
tically significant. There were also more infants
with reverse/absent aortic diastolic flow in this
group, but this difference did not reach statisti-
cal significance.

To determine if the relation between TVR
and haemodynamic significance holds true in
those infants more likely to have higher pulmo-
nary artery pressure, we analysed the data for
infants < 5 days old (table 3). The mean TVR
was lower in infants with a high LLA/Ao ratio or
reverse/absent diastolic flow in the descending
aorta; however, this difference was not statisti-
cally significant (this may be due to the small
numbers of infants in this subgroup with a
subsequent decrease in power to detect a

Table 3 Comparisons of mean (SD) transductal velocity ratios berween
haemodynamically significant and non-significant ducts as assessed by various
echocardiographic criteria for infants < 5 days old

Echo criteria used to assess

significance of PDA Significant Non-significant p Value
LA/Ao > 1.48 1.5 (1.0) (n=9) 23(1.1) (n=12) 0.10
Reverse/absent diastolic flow* 1.7 (0.9) (n=12) 26(1.4) (n=17) 0.14

Numbers in columns differ slightly due to unavailability of some variables in individual patients.
p Value assessed by Student’s ¢ test.

*Reverse or absent diastolic flow in the descending aorta.

LA/Ao, left atrial diameter/aortic diameter ratio.

significant difference if a difference truly
exists).

To determine which PSV (pulmonary end or
aortic end) contributes more to the TVR, the
correlation coefficient (r) between TVR and
PSV was calculated for each: for TVR v aortic
end PSV, »r=0.18 (* =0.034, p = 0.91); for
TVR o pulmonary end PSV, r=0.48
(¥ = 0.235, p = 0.001). Most of the contribu-
tion toward TVR is from the pulmonary end
PSV. However, when the same analyses as per-
formed above for the TVR (as in table 1) were
carried out with the pulmonary end PSV, we
found no significant differences in the variables
studied.

Discussion

Given a flow of fluid through a hollow cylinder,
the velocity of that fluid has to increase at sites
of narrowing along the cylinder for volume flow
to be maintained. The volume flow is main-
tained by virtue of its dependence on the pres-
sure gradient along the cylinder. The increase
in velocity is proportional to the decrease in
cross sectional area at the site of narrowing.
The ratio of the velocity at the stenosis to the
velocity before the stenosis (velocity ratio)
equals the ratio of the area before the stenosis
to the area at the stenosis.” This area ratio is
proportional to the amount of lumenal area
lost as the result of the constriction or stenosis
and is therefore related to the degree of steno-
sis (fig 2). Increasing the amount of stenosis
will increase the velocity ratio. This principle is
applied to assess the degree of stenosis, with
Doppler ultrasound, in carotid arteries with
atherosclerosis.” '° > The velocity ratios for
carotid arteries have been validated with
angiographic studies.

An analogous situation can be seen in the
PDA. The initial site of narrowing of the ductus
arteriosus is most commonly at the pulmonary
end." Therefore the ratio of velocity at the pul-
monary end of the duct to the aortic end (the
TVR) will be proportional to the degree of
constriction of the PDA. The greater the
degree of constriction, the less the left to right
shunt through the PDA and its haemodynamic
effect. Our hypothesis was that the TVR would
be lower in infants with a haemodynamically
significant PDA. We are not aware of any stud-
ies investigating the use of the TVR in assessing
the significance of PDAs.

Various echocardiographic criteria have been
used to assess the haemodynamic significance
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Figure 2 Relation berween velociry of fluid flow (V) and
cross sectional area (A) in a hollow cylinder.

of a PDA and the need for specific treatment.
The haemodynamic significance will depend
on the amount of left to right shunt across the
PDA. The consequences of the shunt include
increased left ventricular output, left heart vol-
ume overload, and reversal or absence of aortic
diastolic flow distal to the duct. The most reli-
able indicators of the haemodynamic signifi-
cance of a PDA are an increased LA/Ao
ratio' * '° and reverse aortic diastolic flow.! """’
Other criteria include a pulsatile pattern of flow
in the PDA," a wide ductal colour Doppler
flow jet (at its narrowest point),"*" wide small-
est internal duct diameter measured on two
dimensional imaging,”” and an increased
LVIDd.” ** Almost all the above criteria were
assessed in our unit during the period of the
study, which allowed comparison with the
TVR. Ductal diameter was not routinely
measured during this period; however, a
subjective assessment of whether the duct was
wide open or not was made, if possible, on two
dimensional imaging.

The TVR was significantly less in those
infants with a haemodynamically significant
PDA, as assessed by individual echocardio-
graphic criteria, in all groups except for those
with dilatation of the left ventricle. This differ-
ence in TVR is even greater if the two most
significant criteria (increased LA/Ao and
reverse/absent diastolic aortic flow) are com-
bined. Indices of left heart dilatation were
increased in the group of infants with low TVR
(< 60% constriction), and there was a trend
towards this group having more infants with
reverse/absent diastolic aortic flow. These data
confirm our hypothesis that, as the duct
constricts and the left to right shunt decreases,
the TVR increases. Conversely, the wider open
the duct, the lower the TVR and the greater the
left to right ductal shunt.

There are disadvantages to using the TVR to
assess ductal significance. The technique de-
pends on obtaining views of the PDA through
an adequate acoustic window and this is not
always possible, especially in the ventilated
infant. Doppler signals may not be available
from both ends of the PDA. The technique
depends on a relatively straight ductus, and is
therefore unhelpful if the duct is long and tor-
tuous. As with any Doppler technique, the
angle of insonation is important, and it is criti-
cal that the angle of insonation to blood flow is
the same at both ends when measuring the
PSV. The TVR cannot be used if there is right
to left ductal flow and is therefore unhelpful in
this circumstance. This would most commonly
limit the usefulness of this technique in the first
few days of life. If the TVR can be calculated,
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then a decreased TVR probably still represents
a significant duct even in the first few days of
life; however, we need to study more infants to
confirm this.

There are times when adequate acoustic
windows do not allow visualisation of other
cardiac structures or the PDA on two dimen-
sional imaging, but a Doppler signal can still be
obtained from the duct. Calculation of the
TVR can therefore be especially useful in
instances when the ductal diameter cannot be
measured.

We believe the TVR can be a useful adjunct
to the other echocardiographic features seen
with a PDA. After birth, the ductus arteriosus
usually constricts and then closes. In well
infants, almost all ducts are closed, at least
functionally, by the fourth day of life.” This
may take considerably longer in ill, small, or
preterm infants.” *” The pattern of closure of
the ductus is quite variable in preterm infants."
Closure may be delayed beyond the usual first
few days of life, but there is still the possibility
of spontaneous closure.” It is our conjecture
that evidence on echocardiography of constric-
tion (increased TVR), despite other evidence
of haemodynamically significant left to right
shunting—for example, increased LA/Ao
and/or  reverse/absent diastolic aortic
flow—may allow specific treatment (particu-
larly surgery) to be delayed to await spontane-
ous closure. This should be accompanied by
frequent clinical and echocardiographic review.
In contrast, a low TVR signifying the absence
of constriction may prompt early treatment of a
PDA in the absence of other evidence of a sig-
nificant left to right shunt. This use of the TVR
to predict closure or likely continuing patency
of a PDA has not been studied and further
research is required.

CONCLUSION

The TVR as a measure of the degree of
constriction of a PDA is associated with other
echocardiographic criteria for a haemodynami-
cally significant PDA. A low TVR signifying a
poorly constricted duct is associated with other
established echocardiographic features of a sig-
nificant left to right shunt, and vice versa. Fur-
ther research is required to determine the use-
fulness of the TVR in predicting closure or
likely continuing patency of a PDA and the
need for treatment.
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