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CHAPTER 7 

PREDICTING DUCTAL SIZE  
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ABSTRACT 
 
Introduction 
Numerous clinical and ultrasound criteria are used to categorise ductal shunting. 
The ductal diameter (DAd) has been considered as the most predictive measure for 
a hemodynamic significant duct. The diagnostic capability of clinical signs and other 
ultrasound parameters to predict DAd is evaluated in this study 
 
Methods 
We evaluated all ductal scans requested for predefined clinical signs and 
determined associations between the clinical signs, ultrasound parameters and 
DAd. Scans included central blood flows, DAd, ductal left-to-right maximum flow 
velocity (Vmax), LA/Ao ratio, maximum diastolic flow velocity in the left pulmonary 
artery (LPAd) and flow pattern in the descending Aorta (DAo). Receiver operating 
characteristics curves were obtained using a DAd >1.5 or >2.0 mm as gold 
standard. Area under the curves (AUC) and best cut-off values with sensitivity and 
specificity were calculated. 
 
Results 
Ninty five scans in 60 patients were analysed. Median (range) gestational age was 
27 (23-31) weeks, postnatal age of 5 (1-42) days. No relationship was found 
between clinical signs and DAd. All ultrasound parameters showed a high AUC for 
detecting any duct (LA/Ao ratio > 1.70; 0.81, LPAd > 40 cm/s; 0.98, LVO > 429 
ml/kg/min; 0.86, LVO/SVC flow ratio > 4; 0.81). Most parameters showed an AUC 
<0.80 for detecting a medium or large size duct. Retrograde DAo flow had good 
specificity, but poor sensitivity. 
 
Conclusion 
Clinical signs cannot predict ductal size. The diagnostic accuracy of the tested 
ultrasound parameters is not optimal for predicting ductal size. Retrograde DAo flow 
and low Vmax are the best predictors of a large duct.
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Introduction 
Despite many years of research, controversy still surrounds the role of the ductus 
arteriosus (DA) in adverse outcomes. Also the best diagnostic method and 
appropriate timing of diagnosis in relation to treatment is still a matter of debate.1 A 
hemodynamically significant ductus arteriosus (HSDA) impairs pulmonary and 
cardiac function. However, there is a wide variety in the clinical and ultrasound 
criteria used to define this impaired function. The classical clinical parameters used 
to diagnose a HSDA are a murmur, increased pulse volume (bounding pulses, 
hyperactive precordium) and/or increased pulmonary vascular markings or cardiac 
enlargement on chest radiography.2 Some authors also include the need for 
respiratory support or the inability to wean from this support.3 Ultrasound has long 
been used to establish or confirm the diagnosis of a HSDA. The earliest report was 
presented by Silverman and Rudolph.4 They measured left atrium (LA) and aortic 
(Ao) dimensions using unguided M mode in the long axis view to calculate the 
LA/Ao ratio. When color Doppler became available in the late eighties, visual 
classification of the jet size in the mean pulmonary artery 5 and color ductal 
diameter 6 were used to classify ductal shunting. Many other ultrasound 
parameters, like diastolic flow velocity in the left pulmonary artery (LPAd) 7, central 
blood flow measurements like left ventricular output (LVO) 8,9 and the LVO/SVC flow 
ratio 10, flow pattern in the descending Aorta (DAo)11,12 and flow patterns in the 
cerebral 13,14, renal 15 or the intestinal arteries 16 have been investigated and used to 
classify the extent of ductal shunting.  
The resistance of a vessel is in proportion to the fourth power of its radius, making 
the vessel diameter the most contributing variable of flow. The pressure difference 
between the two ends of the vessel is also an important variable of flow, but the 
systemic to pulmonary pressure difference is often within a stable range in preterm 
infants in the first weeks of life.17 Therefore, ductal diameter (DAd) seems best used 
as a marker of significant ductal shunting. Ductal diameter was the most accurate 
echocardiographic marker in predicting subsequent HSDA’s in a group of 124 
preterm infants < 1500 gram who needed mechanical ventilation.18 Measurement of 
DAd is being suggested as the most important parameter for quantification of ductal 
shunting.19-21 
The purpose of this study is to quantify all ductal scans requested in preterm infants 
with a clinical suspicion of a patent ductus arteriosus and determine which clinical 
sign or ultrasound parameters can best predict ductal diameter. 
 
Methods 
Patients 
This prospective observational cohort study was performed between January 2009 
and May 2010 in the neonatal intensive care unit of the John Hunter Hospital, 
Newcastle, Australia. All patients who needed a DA assessment were eligible. 
Scans of infants for suspected congenital heart disease or repeat scans to confirm 
ductal closure after treatment were excluded. The study was approved by the ethics 
committee of the University of Newcastle. 
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In this study a medium size duct was defined as a ductal diameter > 1.5 mm and a 
large size duct as > 2.0 mm.  
 
Clinical assessment 
Ductal assessment scans were requested by the attending clinicians in preterm 
infants with clinical signs suggestive of a ductus arteriosus. The clinical signs were 
predefined and included a murmur, increased pulse volume (bounding pulses 
and/or hyperactive precordium), unexplained metabolic acidosis (BE <-10), 
difficulties to wean off respiratory support or failed of CPAP, apnea’s needing 
mechanical ventilation or increased respiratory support, hypotension (mean blood 
pressure lower than 5th percentile for age 22), pulmonary haemorrhage or severe 
pulmonary congestion with congestive heart failure. 
We arbitrarily classified the main sign that triggered the necessity of the ultrasound 
assessment in three categories: mild clinical signs (murmur, increased pulse 
volume and unexplained metabolic acidosis), respiratory clinical signs (difficulties to 
wean off respiratory support or failed of CPAP, apnea’s needing mechanical 
ventilation or increased respiratory support), or severe clinical signs (hypotension, 
pulmonary haemorrhage or congestive heart failure). We considered using a clinical 
triaging system for ligation of a DA as proposed by McNamarra.20 Using this 
system, all except one patient would be classified as C2 and would not further 
differentiate our population. 
 
Ultrasound protocol 
Ultrasound measurements were performed using an iE33 ultrasound system 
(Philips medical, the Netherlands) with a 12 MHz phased sector array transducer. 
Ultrasound scans were performed by 2 investigators (KW and AL) trained in 
functional echocardiography. Measurements were performed as a batch and 
analysed by one investigator (KW) away from the bedside at a later time.  
The ultrasound protocol for ductal assessment included ductal diameter (DAd) using 
the high left parasternal view to visualise the duct in its whole length and to look for 
the site of maximal constriction in 2D or colour images.11,18 DAd was categorized in 
4 categories; A closed duct, DAd up till 1.5 mm, DAd between 1.6 and 2.0 mm and 
DAd > 2.0 mm. Ductal flow pattern was measured at the same location using pulse 
wave Doppler. The maximum velocity of the left-to-right shunt was measured using 
a calliper and averaged from 3 consecutive cardiac cycles. Flow direction was 
classified as left-to-right, bidirectional or right-to-left and the percentage right-to-left 
shunt was calculated if the flow direction was bidirectional. 
Left atrium size was captured from the long axis view and maximal internal diameter 
was taken using frame by frame analysis of the 2D images. M mode was not used. 
Values were averaged from 3 consecutive cardiac cycles and the LA/Ao ratio was 
calculated using the 2D derived LA diameter and the diameter of the aortic annulus. 
The left pulmonary artery (LPA) was visualised using the high parasternal view and 
the Doppler gate was placed into the LPA just after the bifurcation of the main 
pulmonary artery for flow velocity analysis. The maximum flow velocity in diastole 
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was measured using a calliper and a mean value for LPAd was calculated from 3-5 
consecutive cardiac cycles.7 
Central blood flow parameters were calculated using the formula Flow = velocity time 
integral (Vti) x Heart rate x (π.diameter2/4) / body weight in ml/kg/min. Left ventricular output 
Vti was determined from the subcostal or apical view with the least angle of insonation. LVO 
diameter was taken from the long axis view at aortic annulus using the hinge points of the 
aortic valve in late systole as reference.23 SVC flow and RVO were performed according to 
previously published methodology.24,25 

The flow pattern in the descending aorta (DAo) was taken from the high 
suprasternal view with the Doppler gate placed proximal of the diaphragm. The DAo 
flow was classified into three groups: Antegrade throughout diastole; no clear 
direction to diastolic flow; and retrograde throughout diastole.11,12 

 
Treatment protocol 
Unit policy would advise medical treatment if DAd > 1.5 mm with respiratory or 
severe clinical signs or a DAd > 2.0 mm with or without any signs. Surgical 
treatment is advised in DAd > 2.0 mm after failure of medical interventions with 
persisting respiratory or severe clinical signs. Treatment during the study period 
was directed by the attending clinician. The outcomes on ductal treatment are not 
part of this study. 
 
Statistics 
Data were analysed with a personal computer based statistics package (SPSS v17 
for Windows). A Kruskall Wallis test was performed to analyse the correlation 
between our clinical classification and ductal size. Pearson correlation was used to 
investigate possible correlations between the individual clinical signs and all 
ultrasound parameters.  
Linear regression analysis was used to assess the relation between DAd and the 
continuous variables Vmax, LA/Ao ratio, LPAd, LVO, RVO, SVC flow and the 
LVO/SVC ratio, and logistic regression for retrograde DAo flow. Receiver operating 
characteristics (ROC) curves were obtained using different DAd standards as the 
actual state variable and ultrasound parameters that were significant in the 
regression analysis. Area under the ROC curves (AUC) and best cut-off values for 
each variable were calculated.26 The accuracy, sensitivity and specificity of 
retrograde DAo flow were calculated using a contingency table. Our initial approach 
was to incorporate analysis for a DAd > 3.0 mm according to the criteria published 
by McNamara and Seghal 20,21 but our cohort only included 3 infants with a duct of 
this size. For all tests p < 0.05 was considered significant. 
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Results 
In this 17 month period, 263 preterm infants < 32 wk gestation were admitted to the 
unit, with 92 infants needing one or more assessments for a suspected ductus 
arteriosus. Ninety-five scans in 60 infants were performed by the investigators and 
were included in the analysis. The patient characteristics and distribution of the 
clinical signs are presented in table 1. In 84 scans (88%) an open duct was found, 
with a median (range) diameter of 1.5 (0.5-5.4) mm. There were 40 scans with a 
DAd > 1.5 mm and 14 scans showing a DAd > 2.0 mm. In 13 scans the flow pattern 
was bidirectional with one scan showing over 30% right-to-left flow. 
 
 
 
Gestational age (weeks) 27 (23-31) 
Weight (grams) 950 (440-1820) 
Postnatal age (days) 5 (1-42) 
     None 9 
     CPAP 62 
     Mechanical ventilation 24 
FiO2 (%) 21 (21-100) 
Mean airway pressure (cmH2O) 6 (0-20) 
Clinicians trigger for DA assessment  
    Mild clinical signs 63 
    Severe clinical signs 8 
    Respiratory signs 24 
Clinical signs (all)  
    Murmur 62 
    Increased pulse volume 17 
    Metabolic acidosis 16 
    Hypercapnia 3 
    Respiratory deterioration 48 
    Hypotension 8 
    Pulmonary haemorrhage 3 
    Congestive heart failure 0 

 
Table 1. patient characteristics and clinical signs before scanning. Median (range) or absolute numbers 
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Clinical signs and ultrasound parameters of shunt severity 
Most scans for ductal assessment were initiated by mild clinical signs. (table 1) The 
clinical categories which triggered the ductal assessment (mild, respiratory, severe) 
and DAd were not correlated with each other (Kruskal Wallis Chi-square 1.7, p < 
0.415, table 2).  
Using each individual clinical sign, some correlations were found. A murmur was 
best correlated with a higher Vmax (r = 0.42, p < 0.000). Increased pulse volume 
did not show any correlation with the tested ultrasound parameters and metabolic 
acidosis was correlated with retrograde DAo flow (r = 0.28, p < 0.006) and a lower 
SVC flow (r = -0.23, p < 0.024). Hypotension (8 infants) and pulmonary 
haemorrhage (3 infants) were both associated with a larger DAd and lower Vmax. (r 
= 0.27, p < 0.007 and r = -0.33, p < 0.030 for hypotension, r = 0.36, p < 0.000 and r 
= -0.26, p < 0.018 for pulmonary haemorrhage, respectively) 
 
 Ductus Arteriosus diameter (DAd) 
 Closed duct up till 1.5 mm 1.6 to 2.0 mm > 2.0 mm 
Mild clinical signs 5 32 17 9 
Respiratory signs 5 10 6 3 
Severe clinical signs 1 2 3 2 

 
Table 2. Ductus arteriosus diameter in relation to the clinical category in 95 scans in 60 preterm infants. 
 
 
Ductal diameter and ultrasound parameters of shunt severity 
The median and range of findings of the individual ultrasound parameters per 
ductus diameter category is presented in table 3.  
 
 
 Ductus Arteriosus diameter (DAd) 
 Closed duct up till 1.5 mm 1.6 to 2.0 mm > 2.0 mm 
n 11 44 26 14 
LA/Ao ratio 1.34 (1.00 - 1.89) 1.68 (0.91 - 2.20) 1.80 (1.31 - 2.20) 1.87 (1.27 - 2.46) 
LPAd (cm/s) 0 (0 - 15) 30 (0 - 75) 40 (18 - 91) 45 (28 - 74) 
Vmax (cm/s) Na 276 (56 - 438) 225 (50 - 397) 150 (51 - 224) 
retrograde DAo flow (%) 0 0 11 50 
LVO (ml/kg/min) 300 (217 - 396) 386 (211 - 852) 503 (336 - 895) 500 (230 - 708) 
RVO (ml/kg/min) 397 (215 - 649) 439 (167 - 749) 413 (246 - 753) 472 (172 - 906) 
SVC flow (ml/kg/min) 107 (55 - 191) 109 (46 - 304) 92 (52 - 197) 92 (58 - 185) 
LVO/SVC ratio 2.7 (1.7 - 4.5) 3.9 (1.6 - 9.3) 5.1 (2.8 - 10.3) 5.4 (2.9 - 10.8) 

 
Table 3. Ductus arteriosus diameter in relation to other ultrasound parameters (median and range or %)   
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Linear regression found a statistically significant positive relation between DAd and 
all ultrasound parameters except RVO. The scatter plots of Vmax, LA/Ao ratio, 
LPAd, LVO, SVC flow and LVO/SVC ratio are presented in figures 1 to 6. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1-6: Standard linear regression analysis for comparison between ductal diameter (DAd) and 
maximum velocity of the ductal left-to-right shunt (Vmax), left atrial to aortic root ratio (LA/Ao ratio), 
maximum diastolic flow velocity in the left pulmonary artery (LPAd), left ventricular output (LVO), superior 
vena cava flow (SVC flow) and LVO/SVC ratio. 
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Logistic regression showed a significant relation between retrograde DAo flow and 
DAd. (B coefficient 3.14, p < 0.001) The ROC curve analysis including AUC, 
accuracy and optimised sensitivity and specificity for ultrasound parameters to 
assist in detecting a HSDA according to various cut-offs are presented in table 4. 
  
 
 Vmax < 225 cm/sec LA/Ao ratio > 1.70 LPAd > 40 cm/s retrograde DAo flow 

 AUC Sens spec AUC sens spec AUC sens spec ACC sens spec 

DAd > 2.0 mm 0.81 100 61 0.66 64 58 0.73 57 69 0.86 50 93 

DAd > 1.5 mm 0.68 70 68 0.76 73 75 0.78 53 78 0.82 78 85 

any duct na Na na 0.81 53 92 0.98 40 100 0.25 52 100 

 
 
 
 
 
 
 LVO > 429 ml/kg/min SVC > 107 ml/kg/min LVO/SVC ratio > 4 

 AUC sens spec AUC sens spec AUC sens spec 

DAd > 2.0 mm 0.66 64 58 0.57 57 46 0.66 64 54 

DAd > 1.5 mm 0.73 62 70 0.61 64 52 0.73 67 67 

any duct 0.86 50 100 0.57 56 50 0.81 53 75 

 
 
Table 4: ROC curve or contingency table analysis of 95 scan results with optimised cut-offs. AUC; area 
under the curve, ACC; accuracy, sens; sensitivity, spec; specificity, na; not available 
 
 
Discussion 
This study shows that clinical signs cannot predict ductal size and that most of the 
tested ultrasound parameters are not very helpful in differentiating between a small, 
medium and a large size duct. Retrograde flow in the DAo is best associated with a 
large duct and a high Vmax with a small duct. 
 
Clinical signs and ultrasound parameters 
The poor relationship between clinical signs and ultrasound parameters has been 
shown by others. Davis et al. determined the precision and accuracy of clinical and 
radiological signs in 99 premature infants in the first 3 to 7 days of life to predict 
ultrasound evidence of an open duct with any left-to-right shunting. No ductal 
diameters were used.27 Inter-observer variability for clinical signs and interpretation 
of chest radiography for cardiac size and vascular markings was generally high, 
with the exception of the presence or absence of a cardiac murmur. Radiological 
examination did not improve the observers' ability to distinguish between patients 
with and without a DA. Skelton et al. investigated 55 ventilated preterm infants with 
daily clinical and ultrasound investigations and found clinical signs to be very poor 
predictors of a ductal size larger than 1.5 mm.28 Alagarsamy found no differences in 
clinical signs (murmur, increased pulse volume, respiratory status not improved) in 
25 preterm infants with or without a duct larger than 2.0 mm. 29 In short, clinical 



111 
 

signs are very poor predictors of ductal size and positive clinical signs should 
always be followed by ultrasound to establish ductal size and shunt severity. 
 
DAd and ultrasound parameters of shunt severity 
We feel that ductal diameter is the ‘gold standard’ of shunt severity as it is the main 
variable of blood flow over the duct and the only ultrasound parameter that has 
been associated with reduced systemic perfusion during transition and adverse 
outcome.30-32 Our data describes the use of ultrasound parameters in a cohort of 
preterm infants mostly outside the transitional phase with a median postnatal age of 
5 days. We tested parameters of pulmonary overcirculation (LA/Ao ratio, Vmax, 
LPAd, LVO) and systemic hypoperfusion (DAo flow pattern, SVC flow, RVO, 
LVO/SVC ratio) but found most parameters not accurate enough in predicting ductal 
diameter. Longitudinal measurements of DAd are likely to be of benefit in further 
trials on clinical outcomes and treatment. 
 
Ductal left-to-right maximum velocity (Vmax) 
The maximum velocity of transductal flow is produced by the pressure difference 
between the aortic and pulmonary end of the ductus, and the ductal diameter. 
Constriction of the duct will lead to high velocities. Iyer et al. showed a higher mean 
Vmax of 175 cm/s infants with a DAd up to 1.5 mm compared to 137 cm/s in infants 
with a DAd ≥ 1.5 mm.33 

In our cohort, a Vmax > 225 cm/s was never present in infants with a duct larger 
than 2 mm. This might help to differentiate if the whole length of the duct and/or 
ductal diameter is difficult to obtain. 
 
Left atrium to aortic dimensions (LA/Ao ratio) 
The LA/Ao ratio is a good parameter for detecting a ductus arteriosus, but cannot 
differentiate ductal size. A wide range of LA/Ao values was found in infants with a 
duct. This is explained by patient factors such as patient hydration, left ventricular 
performance and atrial shunting, or difficulties in clearly recognising the posterior 
wall of the left atrium on M mode or 2D images. Our specificity is lower than 
presented by Iyer et al.33 They evaluated 56 preterm infants in the first 7 days of life 
using M mode derived LA/Ao ratio to detect a duct ≥ 1.5 mm. Using a LA/Ao ratio of 
1.5 as a cut-off gave a sensitivity of 79% and specificity of 95%. Since we used a 
different methodology using the smaller aortic annulus instead of the aortic root or 
ascending aorta dimensions, our absolute values will differ from previous reports. 
 
Maximum diastolic flow velocity in the left pulmonary artery (LPAd) 
Ductal left-to-right shunting will produce systolic and often turbulent diastolic flow in 
the left and right pulmonary arteries, as opposed to only systolic flow seen in infants 
with no duct. Suzumura et al. studied the LPAd in a cohort of 138 preterm infants 
less than 31 week gestation to predict if a DA would become symptomatic.7 Forty-
six infants with a symptomatic DA were compared with the findings of 92 infants 
who showed spontaneous ductal closure and did not develop a symptomatic DA. 
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The mean + 2SD LPAd of the control group was used as cut-off, which could vary 
depending on postnatal age between 42 (early) and 25 (late) cm/s. The reported 
sensitivity and specificity of LPAd to predict a sPDA was 82% and 83% respectively. 
The results of this study might be biased, as the control group included closed ducts 
and asymptomatic open ducts. 
We found LPAd to be a reasonable marker for ductal size. The ROC curve analysis 
showed an excellent AUC for detecting any duct, but lower for detecting a 1.5 or 2.0 
mm duct.  
The optimised cut-off for LPAd was 40 cm/s in our study. The suggested cut-off of 
20 cm/s by El Hajjar 10 would result in a sensitivity of 85% and specificity of 38% to 
detect a duct > 1.5 mm . El Hajjar reported on the mean and end diastolic flow 
velocity in the left pulmonary artery. Suzumura and our study used the maximum 
flow velocity in diastole, which explains the higher cut-off values found.  
 
Left ventricular output (LVO) 
Ductal left-to-right shunt will pass through the pulmonary circulation and re-enter the 
left side of the heart. As LVO is measured just after the aortic valve, it will measure 
pulmonary blood flow and include ductal shunting. However, there is a large 
individual variability in LVO of stable preterm infants without a significant duct with 
the normal range varying between 150 to 575 ml/kg/min.34 Mean LVO was 460 
ml/kg/min in the infants with a duct compared to 313 ml/kg/min in infants without a 
duct, but ROC analysis showed that LVO is a poor marker for ductal size. 
 
Superior vena cava flow (SVC flow) 
We found a poor relationship between upper body perfusion, measured with SVC 
flow, and ductal diameter in preterm infants with a median postnatal age of 5 days. 
SVC flow and its relationship with ductal diameter has been extensively studied 
during the first 72 hours of life with ductal diameter having a significant impact on 
low systemic blood flow and subsequent related outcomes.12,30,32 All central blood 
flows increase in the first week of life with very few preterm infants showing low 
systemic blood flow after transition.34 It seems likely that ductal shunting after the 
transition will mostly influence lower body perfusion. Studies on surgical ductal 
closure after the transition also show no effect of ductal closure on cerebral blood 
flow and cerebral perfusion.35,36 
 
Retrograde flow in the descending aorta (retrograde DAo flow) 
The flow pattern in the descending aorta is considered a marker of lower body 
perfusion. Groves at al. investigated the relationship between ductal diameter and 
DAo flow and other central blood flow measurements in 80 preterm infants < 31 
week gestation in the first 48 hours of life.12 In this study the presence of retrograde 
DAo flow was more strongly associated with increased LVO than ductal size, 
indicating cardiac reserve trying to compensate for decreased lower body perfusion. 
Evans et al. found a clear relationship between retrograde DAo flow and ductal 
diameter with very high rates of retrograde flow if the ductal diameter was > 1.7 mm 
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(86%) or > 2.1 mm (100%).11 He measured DAo flow just after the insertion of the 
ductus in the aorta. Groves and our study measured DAo flow pattern proximal of 
the diaphragm, explaining the lower percentages of retrograde DAo flow found. We 
found retrograde DAo flow to be a specific marker for ductal presence, but with very 
low sensitivity. 
 
LVO/SVC ratio as marker of significant shunt 
El Hajjar et al. used the LVO/SVC ratio ≥ 4 as gold standard to indicate significant 
ductal shunting. They investigated 23 preterm infants, 15 with an open duct, and 
found a positive correlation between the LVO/SVC ratio and LA/Ao ratio, ductal 
diameter and mean and end-diastolic flow in the LPA.10 The ROC analysis on all 
ultrasound parameters in our cohort showed comparable AUC’s for ductal diameter 
>1.5 mm, LVO/SVC ratio ≥ 4 and ductal diameter ≥ 1.4 mm/kg (data not shown). It 
seems reasonable to assume that all these cut-offs reflect the same level of ductal 
shunting. We feel that the LVO/SVC ratio is more prone to error than using ductal 
diameter because flow measurements are known to have up to 30% variability, 
compared to 12% for the internal diameter of the ductus arteriosus.11,25,37 Any error 
can be multiplied when using ratios. 
 
Conclusion 
In our cohort of selected preterm infants with clinical signs related to an open ductus 
arteriosus we found a wide range of findings in ductal size and ultrasound markers 
of ductal shunting. It is important to be able to distinguish between a large and a 
small duct, rather than an open or closed duct. Clinical signs cannot predict ductal 
size. Of the tested ultrasound parameters only retrograde flow in the descending 
aorta and a low left-to-right flow velocity in the duct were found to be predictive of a 
large duct. Ductal diameter is the easiest parameter to use to quantify ductal 
shunting.  
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