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Abstract

Background: Patent ductus arteriosus (PDA) is common in preterm infants and 

associated with significant morbidity. To determine whether the PDA is hemo-

dynamically significant (HSDA) several echocardiographic parameters have been 

suggested, including retrograde diastolic blood flow in the descending aorta 

(Dao).

Objective: To assess the impact of a HSDA, including retrograde diastolic flow in 

the Dao, on regional tissue oxygen saturation (rSO2) and extraction measured by 

near-infrared spectroscopy (NIRS).

Methods: Prospective observational cohort study in which we included preterm 

infants (GA<32 weeks) who underwent echocardiographic screening because 

of clinical signs of a HSDA within two weeks after birth. We measured cerebral, 

renal, and intestinal rSO2 on the day of echocardiography. HSDA was diagnosed 

if left-to-right shunting through the PDA was accompanied by either left atrial to 

aortic root ratio >1.4 and/or left pulmonary artery end diastolic flow velocity >0.2 

m/s and/or retrograde diastolic blood flow in the Dao.

Results: Forty-nine infants were included (gestational age median 27.6 [IQR: 26.1-

29.0] weeks, birth weight 980 [IQR: 800-1200] grams and postnatal age 77 [IQR: 

70-107] hours). Infants with a closed duct (n=11), a non-HSDA (n=18) and a HSDA 

(n=20) had similar cerebral and renal NIRS measurements. Retrograde diastolic 

blood flow in the Dao, present in 11 infants with PDA, also did not affect cerebral 

and renal oxygenation.

Conclusion: In preterm infants with clinical signs of a HSDA within two weeks 

after birth, cerebral and renal oxygen saturation and extraction are not affected 

by a HSDA nor by retrograde diastolic blood flow in the Dao.
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Introduction

Patent ductus arteriosus (PDA) is a common finding in preterm infants. In the presence of a large PDA and 

decreasing pulmonary to systemic vascular resistance ratio, significant systemic to pulmonary shunting 

occurs, which results in pulmonary hyperperfusion and systemic hypoperfusion. Although causality has 

not yet been proven sufficiently, persistent patency of the ductus arteriosus (DA) in preterm infants has 

been associated with significant morbidities as intraventricular hemorrhage, necrotizing enterocolitis 

and renal insufficiency, possibly due to decreased systemic blood flow resulting in tissue ischemia (1-4).

Whether a PDA will impact organ tissue oxygen supply may depend on its hemodynamic significance. 

However, no consensus exists concerning the echocardiographic definition of a hemodynamically 

significant PDA (HSDA). Size of the DA and direction of shunting through the DA have been used as 

treatment criteria but may not accurately quantify the transductal shunt. Echocardiographic parameters 

believed to better reflect the circulatory consequences of a HSDA include the presence of increased 

antegrade diastolic blood flow in the left pulmonary artery (LPA), an increased left atrial to aortic root 

ratio (LA:Ao-ratio) and the presence of ductal steal associated with retrograde diastolic blood flow in 

the descending aorta (Dao) (5). Previous studies have demonstrated that these parameters reflect large 

transductal shunt volumes (6-7). Whether such shunt leads to decreased pre- or postductal organ tissue 

oxygen supply in preterm infants remains insufficiently clear.

Near-infrared spectroscopy (NIRS) is a non-invasive tool with which the regional tissue oxygen satura-

tion (rSO2) of the underlying tissue can be measured. When transcutaneous arterial oxygen saturation 

(spO2) is measured simultaneously, fractional tissue oxygen extraction (FTOE) can be calculated, which 

reflects the balance between tissue oxygen delivery and tissue oxygen consumption (8). In the presence 

of constant tissue oxygen metabolism, FTOE reflects tissue perfusion.

Previous studies using NIRS to assess cerebral, renal, and intestinal oxygenation in preterm infants 

with PDA used different criteria for the determination of a HSDA and found conflicting results con-

cerning the impact of PDA on pre- and postductal organ oxygenation (9-12). The specific impact of 

echocardiographic parameters of hemodynamic significance of a PDA on regional tissue oxygen supply 

has not been investigated previously.

Our first aim therefore was to assess whether upper and lower organ tissue oxygen delivery as 

reflected by cerebral, renal, and intestinal tissue oxygenation are affected in infants with a HSDA, com-

pared with infants with a non-HSDA and infants with a closed DA. Our second aim was to assess the 

impact of separate echocardiographic parameters of supposed hemodynamic significance, particularly 

retrograde diastolic blood flow in the Dao as marker for ductal steal, on cerebral, renal, and intestinal 

oxygenation in infants with a PDA. Various studies have suggested that ductal steal preferentially occurs 

from the postductal circulation (7,13-15). Therefore, we hypothesized that cerebral oxygenation would 

be preserved in infants with a HSDA or non-HSDA, but that renal and intestinal oxygenation would be 

affected by a HSDA, but not by a non-HSDA. Furthermore, we hypothesized that renal and intestinal 

oxygenation, but not cerebral oxygenation, would be more affected in infants with retrograde diastolic 

blood flow in the Dao than in infants with PDA without retrograde diastolic blood flow in the Dao.
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Methods

Patients

This was a prospective observational cohort study conducted at the neonatal intensive care unit of 

University Medical Center Groningen between February 2012 and March 2014. Preterm infants (GA 

<32 weeks) who underwent echocardiographic screening for a PDA during the first two weeks after 

birth were eligible for inclusion. Infants with cardiovascular defects other than a PDA, with other major 

congenital defects or with persistent pulmonary hypertension of the newborn were excluded. The study 

was approved by the ethical review board of University Medical Center Groningen. Written informed 

parental consent was obtained in all cases.

Echocardiography

Screening echocardiography was routinely performed in all infants that still required mechanical 

ventilation or continuous positive airway pressure (CPAP) on the third postnatal day. Furthermore, echo-

cardiography was performed when a HSDA was otherwise suspected clinically (i.e. continuing respira-

tory distress, unexplained need for supplemental oxygen, metabolic acidosis, bounding pulses and/

or increased pulse pressure). Echocardiograms were made by the attending pediatric cardiologist or a 

trained pediatric ultrasonographist, using a Vivid-I ultrasound scanner (GE Healthcare, United Kingdom) 

with a 10MHz probe.

A PDA was classified as hemodynamically significant when a DA was present with predominantly left 

to right shunting across the DA associated with either 1) LA:Ao-ratio >1.4; 2) end diastolic blood flow 

velocity in the LPA >0.2m/s or 3) diastolic flow reversal in the Dao.

Ductal flow recordings were made from a high parasternal view using continuous wave Doppler. 

LA:Ao-ratio was measured using M-Mode pictures from the parasternal long axis view using the leading 

edge to leading edge technique. End diastolic flow velocity in the LPA and postductal flow velocity in 

the Dao were measured using pulsed wave Doppler from a high parasternal view. Furthermore, we 

measured internal ductal diameter, left ventricular end diastolic diameter (LVEDD), fractional shorten-

ing (FS), and ejection fraction (EF). Ductal diameter was measured during end-systole at the point of 

maximum constriction using color Doppler flow with care taken to minimalize color gain to avoid color 

interference outside of the vessel wall. LVEDD, FS, and EF were measured using M-Mode pictures from 

the parasternal long axis view.

Echocardiograms were stored for off-line analysis and were analyzed as a batch by a trained researcher 

(M.E.v.d.L.) who was blinded for the NIRS data at the time of echo-analysis.

Multisite near-infrared spectroscopy measurements

We used the INVOS 5100C near-infrared spectrometer and neonatal SomaSensors (Covidien, Mansfield, 

MA) to measure cerebral, renal, and intestinal rSO2 (rcSO2, rrSO2, and rintSO2, respectively) on the day of 

echocardiography. Sensors were placed on the frontoparietal side of the infant’s head (rcSO2), on the 

lateral posterior flank (rrSO2), and just below the umbilicus (rintSO2). Intestinal rSO2 was not measured 
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in infants in whom adequate sensor placement was not possible due to the presence of an umbilical 

catheter or the small size of the infant.

NIRS data were downloaded and stored for off-line analysis. We calculated FTOE for each location 

as: FTOE = (spO2-rSO2)/spO2. As ductal steal may preferentially occur from the postductal circulation 

(7,13-15), we also calculated the cerebrorenal oxygenation ratio (CROR) as CROR= rrSO2/ rcSO2 and the 

cerebrosplanchnic oxygenation ratio (CSOR) as CSOR = rintSO2/ rcSO2.

In infants with PDA, mean values of rcSO2, rrSO2, rintSO2, cerebral, renal, and intestinal FTOE, CROR, 

and CSOR were calculated during one hour within three hours preceding or following each echocar-

diogram, depending on the stability of the NIRS data. In infants with a closed DA, mean values of the 

NIRS parameters were calculated during one hour of stable measurements within 24 hours following 

echocardiography. NIRS data were categorized as unreliable and excluded from analyses in case 

of documented malplacement of sensors and in case of baseline changes >50% after documented 

replacement of sensors.

Demographic and clinical variables

We prospectively collected clinical characteristics on the day of echocardiography including heart rate, 

blood pressure, urine output, spO2, PCO2, and hemoglobin levels. We also collected GA, birth weight, 

Apgar score, postnatal age (PNA), weight, ventilator mode and settings, and inotrope administration 

from the patients’ medical charts.

Statistical analysis

First, we classified all included infants into three groups based on the echocardiographic evaluation of 

the DA: infants with a closed DA, infants with a non-HSDA, and infants with a HSDA. Second, we classi-

fied all infants with PDA into infants with retrograde diastolic blood flow in the Dao and infants without 

retrograde diastolic blood flow in the Dao. Differences in clinical characteristics, echo parameters, and 

NIRS measurements between groups were tested with the Kruskal Wallis and the Mann Whitney test for 

continuous data and the chi square test for categorical data, where appropriate. Spearman’s correlation 

coefficients were calculated to assess the association between echo parameters of ductal hemodynamic 

significance and NIRS measurements in all infants with PDA. SPSS 22.0 (IBM Corp., Armonk, NY) was used 

for all statistical analyses. A P-value <0.05 was considered significant.

Results

We included 57 infants, of which eight were excluded from further analysis due to poor NIRS signal 

integrity (n=4), inability to reliably classify the hemodynamic significance of the DA due to incomplete 

echocardiography (n=3), and the presence of a ventricular septum defect (n=1). The remaining 49 

infants had a median GA of 27.6 [IQR: 26.1-29.0] weeks, a median birth weight of 980 [IQR: 800-1200] 
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TABLE 1A. Demographic and clinical characteristics

Closed DA
N=11

non-HSDA
N=18

HSDA
N=20

P

Gestational age (weeks) 28.0 (26.0-28.9) 27.6 (26.2-28.7) 26.7 (26.0-29.3) NS

Birth weight (grams) 900 (800-1260) 985 (788-1200) 1005 (785-1250) NS

Apgar score 5 min 7 (7-8) 8 (6-8) 7 (6-8) NS

N=17 

PNA at inclusion (hours) 80 (70-125) 90 (74-104) 71 (65-105) NS

Weight at inclusion (grams) 890 (810-1020) 935 (792-1110) 955 (753-1121) NS

Respiratory support NS

SIMV/HFOV 4 (36%) 7 (39%) 13 (65%) 

CPAP/NIMV 7 11 6 

LF 1 

Mean airway pressure (mmHg) 9.0 (5.3-11.3) 8.5 (6.2-10.9) 11.2 (6.4-12.4) NS

Inspired oxygen 0.25 (0.21-0.33) 0.24 (0.21-0.31) 0.24 (0.21-0.30) NS

Hb (mmol/l) 8.7 (8.2-9.0) 8.5 (7.8-8.9) 8.4 (7.8-9.9) NS

N=17 N=19 

PCO2 (kPa) 5.7 (4.9-6.8) 6.4 (5.5-7.1) 5.9 (5.3-6.9) NS

N=10 N=17 N=18 

Inotropes 2 (18%) 0 (0%) 2 (10%) NS

Heart rate (bpm) 155 (149-161) 152 (150-157) 155 (150-166) NS

Systolic blood pressure (mmHg) 53 (45-60) 52 (45-60) 49 (41-57) NS

N=16 

Mean blood pressure (mmHg) 38 (34-46) 39 (33-43) 34 (30-40) NS

N=16 

Diastolic blood pressure (mmHg) 29 (25-37) 29 (26-34) 24 (22-32) NS

N=16 

Urine output (ml/kg/h) 3.2 (2.7-6.0) 4.8 (2.8-5.9) 4.1 (3.1-5.3) NS

Data are shown as median (IQR) or as n (percentage) when appropriate.
Abbreviations: DA, ductus arteriosus; non-HSDA, hemodynamically not significant ductus arteriosus; HSDA, hemody-
namically significant ductus arteriosus; PNA, postnatal age; SIMV, synchronized intermittent mechanical ventilation; 
SIPPV, synchronized intermittent positive pressure ventilation; CPAP, continuous positive airway pressure; NIMV, nasal 
intermittent mechanical ventilation; LF, low flow.
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grams, and a median PNA at the time of echocardiography of 77 [IQR: 70-107] hours. Patient and clinical 

characteristics of the eight excluded infants did not differ from the study group.

Eleven infants had a closed DA. Of the 38 infants with PDA, 20 infants had a HSDA. Demographic and 

clinical characteristics did not differ between the three groups (Table 1A). Echocardiographic character-

istics of all infants are presented in Table 1B. Ducts were larger in infants with a HSDA compared with 

infants with a non-HSDA (median 2.2 mm vs. 1.5 mm, P=0.003, Table 1B). NIRS measurements did not 

differ between the three groups (Table 1C).

Retrograde diastolic blood flow in the Dao

Of the 38 infants with PDA, echocardiography revealed retrograde diastolic blood flow in the Dao in 

eleven, where this was absent in 21 infants. In six infants, diastolic blood flow in the Dao could not 

reliably be evaluated due to poor signal discrimination. Clinical and patient characteristics did not differ 

between both groups of infants (Table 2A). Infants with retrograde diastolic blood flow in the Dao had 

larger ducts (median 2.3 mm vs. 1.4 mm, P=0.003) and higher end diastolic blood flow velocities in 

the LPA (median 0.25 m/s vs. 0.12 m/s, P<0.001) compared with infants who did not have retrograde 

diastolic blood flow in the Dao (Table 2A). NIRS measurements did not differ between infants with and 

infants without retrograde diastolic blood flow in the Dao (Table 2B).

TABLE 1B. Echocardiographic characteristics

Closed DA
N=11

non-HSDA
N=18

HSDA
N=20

P

LVEF (%) 74 (66-84) 79 (75-87) 78 (74-82) NS

N=16 N=18 

LVFS (%) 36 (30-45) 43 (35-49) 39 (36-43) NS

N=17 N=18 

Ductal diameter (mm) ------- 1.5 (0.7-1.6) 2.2 (1.7-2.5) 0.003

N=14 N=19 

LA:Ao-ratio ------- 1.2 (1.1-1.2) 1.5 (1.2-1.6) 0.009

N=14 N=18 

End diastolic velocity LPA (m/s) ------- 0.10 (0.07-0.12) 0.23 (0.17-0.26) <0.001

N=17 N=17 

Data are shown as median (IQR).
Abbreviations: DA, ductus arteriosus; non-HSDA, hemodynamically not significant ductus arteriosus; HSDA, hemody-
namically significant ductus arteriosus; LVEF, left ventricular ejection fraction; LVFS, left ventricular fractional shorten-
ing; LA:Ao-ratio, left atrial to aortic root ratio; LPA, left pulmonary artery.
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Correlation between echocardiographic parameters and NIRS measurements

Spearman’s correlation coefficients between echocardiographic parameters of hemodynamic sig-

nificance and NIRS measurements are presented in Table 3. Ductal diameter and LA:Ao-ratio did not 

significantly correlate with NIRS measurements. End diastolic velocity in the LPA correlated significantly 

with renal FTOE (rho:-0.418, P=0.017) and rSO2 (rho:0.438, P=0.012), but not with cerebral or intestinal 

NIRS measurements.

TABLE 1C. NIRS and spO2 measurements

Closed DA
N=11

non-HSDA
N=18

HSDA
N=20

P

cFTOE 0.22 (0.11-0.33) 0.22 (0.18-0.29) 0.19 (0.09-0.25) NS

rFTOE 0.25 (0.21-0.39) 0.39 (0.26-0.50) 0.32 (0.23-0.50) NS

N=18 

intFTOE 0.43 0.63 0.53 (0.34-0.79) NS

N=3 N=2 N=9 

rcSO2 (%) 76 (64-77) 70 (64-74) 75 (68-82) NS

rrSO2 (%) 66 (56-75) 55 (44-66) 62 (45-74) NS

rintSO2 (%) 54 34 46 (20-60) NS

N=3 N=2 N=9 

CROR 0.92 (0.86-0.99) 0.79 (0.63-0.87) 0.81 (0.63-0.96) NS

N=18 

CSOR 0.65 0.46 0.55 (0.27-0.81) NS

N=3 N=2 N=9 

spO2 (%) 95 (89-97) 89 (87-93) 90 (89-97) NS

Data are shown as median (IQR).
Abbreviations: DA, ductus arteriosus; non-HSDA, hemodynamically not significant ductus arteriosus; HSDA, hemo-
dynamically significant ductus arteriosus; cFTOE, cerebral fractional tissue oxygen extraction; rFTOE, renal fractional 
tissue oxygen extraction; intFTOE, intestinal fractional tissue oxygen extraction; rcSO2, regional cerebral tissue oxygen 
saturation; rrSO2, regional renal tissue oxygen saturation; rintSO2, regional intestinal tissue oxygen saturation; CROR, 
cerebrorenal oxygenation ratio; CSOR, cerebrosplanchnic oxygenation ratio; spO2, transcutaneous arterial oxygen 
saturation.
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TABLE 2A. Demographic and clinical characteristics of infants with and infants without retrograde diastolic blood flow 
in the descending aorta

No retrograde diastolic 
blood flow
N=21

Retrograde diastolic 
blood flow
N=11

P

Gestational age (weeks) 26.7 (26.0-28.8) 26.9 (26.1-29.9) NS

Birth weight (grams) 990 (790-1155) 1025 (670-1300) NS

Apgar score 5 min 7 (6-8) 7 (6-8) NS

N=20 

PNA at inclusion (hours) 77 (71-102) 70 (61-106) NS

Weight at inclusion (grams) 920 (791-1073) 980 (710-1280) NS

Respiratory support NS

SIMV/SIPPV/HFO 9 (43%) 7 (64%) 

CPAP/NIMV 12 (57%) 3 (27%) 

LF  1 (9%) 

Mean airway pressure (mmHg) 8.3 (6.2-11.2) 12.0 (6.0-12.8) NS

Inspired oxygen 0.24 (0.21-0.27) 0.24 (0.21-0.30) NS

Hb (mmol/l) 8.6 (7.9-9.7) 8.3 (8.0-10.8) NS

N=10 

PCO2 (kPa) 6.0 (5.2-6.6) 6.7 (5.4-7.2) NS

N=20 N=10 

Inotropes 1 (5%) 1 (8%) NS

Heart rate (bpm) 154 (151-158) 152 (149-165) NS

Systolic blood pressure (mmHg) 48 (45-60) 50 (46-65) NS

Mean blood pressure (mmHg) 34 (32-43) 38 (34-41) NS

Diastolic blood pressure (mmHg) 26 (23-30) 27 (21-33) NS

Urine output (ml/kg/h) 4.5 (3.2-5.8) 3.2 (2.2-5.4) NS

LVEF (%) 79 (73-84) 77 (75-81) NS

N=18 

LVFS (%) 41 (35-47) 39 (37-42) NS

N=18 

Ductal diameter (mm) 1.4 (1.0-1.7) 2.3 (2.1-2.6) 0.003

N=17 N=10 
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TABLE 2A. Demographic and clinical characteristics of infants with and infants without retrograde diastolic blood flow 
in the descending aorta (continued)

No retrograde diastolic 
blood flow
N=21

Retrograde diastolic 
blood flow
N=11

P

LA:Ao-ratio 1.2 (1.1-1.3) 1.4 (1.1-1.6) NS

 N=17 N=10 

End diastolic velocity LPA (m/s) 0.12 (0.07-0.16) 0.25 (0.17-0.33) <0.001

N=19 N=10 

Data are shown as median (IQR) or as n (percentage) when appropriate.
Abbreviations: PNA, postnatal age; SIMV, synchronized intermittent mechanical ventilation; SIPPV, synchronized inter-
mittent positive pressure ventilation; CPAP, continuous positive airway pressure; NIMV, nasal intermittent mechanical 
ventilation; LF, low flow; LVEF, left ventricular ejection fraction; LVFS, left ventricular fractional shortening; LA:Ao-ratio, 
left atrial to aortic root ratio; LPA, left pulmonary artery.

TABLE 2B. NIRS and spO2 measurements in relation to the presence of retrograde diastolic blood flow in the descend-
ing aorta in preterm infants with patent ductus arteriosus

No retrograde diastolic blood flow
N=21

Retrograde diastolic blood flow
N=11

P

cFTOE 0.22 (0.16-0.29) 0.19 (0.08-0.23) NS

rFTOE 0.40 (0.27-0.55) 0.33 (0.23-0.44) NS

N=9 

intFTOE 0.56 (0.42-0.74) 0.78 (0.44-0.81) NS

N=5 N=5 

rcSO2 (%) 69 (66-76) 76 (69-82) NS

rrSO2 (%) 54 (43-66) 58 (50-75) NS

N=9 

rintSO2 (%) 41 (25-54) 21 (17-52) NS

N=5 N=5 

CROR 0.77 (0.58-0.88) 0.85 (0.64-0.98) NS

N=9 

CSOR 0.54 (0.35-0.73) 0.32 (0.21-0.71) NS

N=5 N=5 

spO2 (%) 90 (87-94) 90 (89-96) NS

Data are shown as median (IQR).
Abbreviations: cFTOE, cerebral fractional tissue oxygen extraction; rFTOE, renal fractional tissue oxygen extraction; 
intFTOE, intestinal fractional tissue oxygen extraction; rcSO2, regional cerebral tissue oxygen saturation; rrSO2, regional 
renal tissue oxygen saturation; rintSO2, regional intestinal tissue oxygen saturation; CROR, cerebrorenal oxygenation 
ratio; CSOR, cerebrosplanchnic oxygenation ratio; spO2, transcutaneous arterial oxygen saturation.
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Discussion

This study demonstrated that, in preterm infants with clinical signs of patent ductus arteriosus during 

the first two weeks after birth, cerebral and renal oxygen saturation and extraction were not affected by 

the presence of a PDA, whether or not echocardiographically classified as hemodynamically significant. 

Furthermore, we demonstrated that in the presence of a PDA, retrograde diastolic blood flow in the 

descending aorta compromised neither cerebral nor renal oxygenation. Other echocardiographic signs 

suggestive for a HSDA, such as increased ductal diameter, increased end diastolic blood flow velocity 

in the left pulmonary artery and increased left atrial to aortic root ratio, were also not associated with 

impaired cerebral or renal oxygenation.

Echocardiographic signs used to classify a PDA as hemodynamically significant or not have previously 

all been related to large transductal shunt volumes (6,7). Still, we found no effect of the presence of a 

HSDA on cerebral or renal oxygenation and no significant associations between independent echocar-

diographic signs suggesting a HSDA and impaired cerebral and renal oxygen saturation and extraction. 

Our results suggest that, in the presence of an echocardiographically determined HSDA, cerebral and 

renal oxygen delivery are not compromised. Our results are in line with previous studies reporting similar 

cerebral (9) and renal (10) rSO2 and FTOE in preterm infants with a HSDA compared with infants with a 

closed DA. They are also in line with a study reporting similar cerebral and renal rSO2 and FTOE in infants 

with large sized ducts compared with infants with moderate sized ducts (11).

Conversely, Lemmers et al. reported decreased cerebral oxygenation in infants with a HSDA com-

pared to controls matched for GA, PNA, and ventilatory support without clinical signs of a PDA (12). 

In this study, however, infants with a HSDA received inotropes more often than controls. Dopamine 

administration has previously been associated with impaired cerebrovascular autoregulation in preterm 

infants (16) and a mismatch between cerebral perfusion and oxygenation in newborn piglets (17). We 

speculate that the higher rate of administration of dopamine might have contributed to their findings 

of decreased cerebral oxygenation in the presence of a HSDA, in contrast to all previous reports. In our 

cohort, only few infants received blood pressure support using inotropes.

TABLE 3. The correlation between echoparameters and NIRS measurements in infants with patent ductus arteriosus

cFTOE rFTOE intFTOE rcSO2 rrSO2 rintSO2 CROR CSOR

Ductal diameter (mm) -0.278 -0.083 0.012 0.260 0.082 -0.012 -0.040 0.024

LA:Ao-ratio -0.106 -0.064 -0.300 0.052 0.034 0.300 0.026 0.200

End diastolic velocity LPA (m/s) -0.181 -0.418* 0.176 0.293 0.438* -0.188 0.315 -0.128

Data are shown as Spearman’s rank order correlation coefficients. * Indicates P<0.05
Abbreviations: cFTOE, cerebral fractional tissue oxygen extraction; rFTOE, renal fractional tissue oxygen extraction; 
intFTOE, intestinal fractional tissue oxygen extraction; rcSO2, regional cerebral tissue oxygen saturation; rrSO2, regional 
renal tissue oxygen saturation; rintSO2, regional intestinal tissue oxygen saturation; CROR, cerebrorenal oxygenation 
ratio; CSOR, cerebrosplanchnic oxygenation ratio; LA:Ao-ratio, left atrial to aortic root ratio; LPA, left pulmonary artery.



58 Chapter 4

In preterm infants with a HSDA, alterations in diastolic blood flow in several major arteries have been 

described, including the Dao, middle cerebral artery, renal artery and superior mesenteric artery (15,18). 

The relationship, however, between these echocardiographic markers of ductal steal, actual end-organ 

tissue oxygen delivery, and adverse outcome remains unclear (19). Groves et al. reported preserved 

superior vena cava flow but decreased Dao flow in preterm infants with PDA and retrograde diastolic 

blood flow in the Dao compared with infants with PDA without retrograde diastolic blood flow in the 

Dao during the first 48 hours after birth (13). We did not find an effect of retrograde diastolic blood flow 

on cerebral or renal oxygen saturation and extraction. The results of the current study suggest that, at 

least on group level, cerebral as well as renal tissue oxygen delivery are preserved in the presence of 

retrograde diastolic blood flow in the Dao in preterm infants with PNA >48 hours during the first two 

weeks after birth.

Only two previous studies investigated the impact of a HSDA on intestinal oxygenation using NIRS. 

One described preserved intestinal oxygenation in infants with a HSDA compared with matched con-

trols (10), while the other reported decreased intestinal oxygenation in the presence of a large PDA in 

combination with nasal CPAP administration (11). Regarding the effect of a PDA on intestinal oxygen 

saturation and extraction, our results were inconclusive because intestinal NIRS measurements were not 

feasible in most infants due to the presence of an umbilical catheter that often interfered with adequate 

infra-umbilical sensor placement. Interestingly, we observed median rintSO2 in infants with retrograde 

diastolic blood flow in the Dao to be nearly half of median rintSO2 in infants with PDA without retrograde 

diastolic blood flow in the Dao, but the difference did not reach statistical significance as our study was 

underpowered with regard to intestinal NIRS measurements.

We recognize several limitations of our study. First, as we only included infants who underwent echo-

cardiography during the first two weeks after birth, our results cannot be extrapolated to older infants. 

Second, intestinal NIRS measurements could be performed only in a limited amount of infants as sensor 

placement often interfered with the presence of an umbilical catheter or the small size of the infant.

Conclusions

In conclusion, the results of our study suggest that a hemodynamically significant ductus arteriosus and 

retrograde diastolic blood flow in the descending aorta do not have an adverse effect on cerebral and 

renal oxygen delivery in preterm infants who develop clinical signs of a HSDA during the first two weeks 

after birth. Further studies concerning the impact of a HSDA and the presence of retrograde diastolic 

blood flow in the descending aorta on intestinal oxygen delivery are warranted.
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