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Background: Cardiovascular changes during the transition from intra- to extrauterine life, alters the pressure gradient across the ductus arteriosus (DA). DA flow ratio (R-L/L-R) has been suggested to reflect the infant's transitional status and could potentially predict neonatal outcomes after preterm birth.

Aim: Determine whether DA flow ratio correlates with oxygenation parameters in preterm infants at 1 h after birth.

Methods: Echocardiography was performed in preterm infants born <32 weeks gestational age (GA), as part of an ancillary study. DA flow was measured at 1 h after birth. DA flow ratio was correlated with FiO2, SpO2, and SpO2/FiO2 (SF) ratio. The DA flow ratio of infants receiving physiological-based cord clamping (PBCC) or time-based cord clamping (TBCC) were compared.

Results: Measurements from 16 infants were analysed (median [IQR] GA 29 [27–30] weeks; birthweight 1,176 [951–1,409] grams). R-L DA shunting was 16 [17–27] ml/kg/min and L-R was 110 [81–124] ml/kg/min. The DA flow ratio was 0.18 [0.11–0.28], SpO2 94 [93–96]%, FiO2 was 23 [21–28]% and SF ratio 4.1 [3.3–4.5]. There was a moderate correlation between DA flow ratio and SpO2 [correlation coefficient (CC) −0.415; p = 0.110], FiO2 (CC 0.384; p = 0.142) and SF ratio (CC −0.356; p = 0.175). There were no differences in DA flow measurements between infants where PBBC or TBCC was performed.

Conclusion: In this pilot study we observed a non-significant positive correlation between DA flow ratio at 1 h after birth and oxygenation parameters in preterm infants.
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INTRODUCTION

Directly after birth, major cardiovascular changes occur during transition from intra-uterine to extra-uterine life. These cardiovascular changes are triggered by lung aeration and umbilical cord clamping. Lung aeration causes a decrease in pulmonary vascular resistance (PVR) and a corresponding increase in pulmonary blood flow (1, 2). In addition, after umbilical cord clamping, the systemic vascular resistance (SVR) increases following the loss of the low resistance placental circulation (3). The pressure changes in both the pulmonary and systemic circulation that accompany transition are reflected in the ductus arteriosus (DA) flow.

Both clinical and preclinical studies have evaluated DA flow to entirely flow from right-to-left (R-L) prior to birth, due a high PVR. During this time DA flow continues to be from R-L throughout diastole due to the retrograde flow in the pulmonary arteries (4, 5). As PVR decreases with lung aeration after birth, DA flow shifts from R-L flow to predominantly left-to-right (L-R) flow in the first 10 min after birth (4–6). It was suggested that echocardiographic measurements of DA flow ratio (R-L flow/ L-R flow) can be used as a measure of neonatal transitional, as duration, direction and the amount of DA flow are taken into account in this measure as well as pressure changes in the systemic circulation (4). DA flow ratio is likely to be influenced by the increase in SVR after cord clamping as well as the degree of lung aeration and decrease in PVR (4). As such, this measurement could theoretically be used to indicate a successful or disturbed neonatal transition, and even potentially predict (adverse) neonatal outcomes. However, data on these transitional changes in preterm infants is lacking.

Preterm born infants often fail to aerate their immature lungs and need respiratory support in order to transition from a foetus into a neonate. The success of transition is usually reflected by heart rate and pulmonary gas exchange efficiency, which is largely determined by the gas exchange surface area of the lungs and the gas diffusion distance, and is reflected by the need for altering the alveolar oxygen gradient (7, 8). Currently, there are various versions of an oxygenation index (OI) used to identify hypoxic respiratory failure in neonates and paediatric patients (9–11). We recently used the SpO2/FiO2 (SF) ratio as OI to reflect the gas exchange potential after birth (8). The SF ratio represents the gas exchange efficiency of the lungs and, next to lung immaturity, is largely influenced by the transitional status of the infant, particularly the degree of lung aeration (12). In this study, we aimed to investigate whether DA flow ratio is correlated with oxygenation parameters in preterm infants 1 h after birth as a measure of the success of neonatal transitional.

Experimental and clinical studies showed that infants went through transition more successfully when physiological based cord clamping (PBCC) was performed (13–15). As this observational study was performed while infants were recruited for an RCT comparing PBBC to time-based cord clamping (TBCC), we were able to compare the DA flow ratio between both groups (16).



METHODS

This pilot study is an ancillary study to the Aeration Breathing and Clamping (ABC) 2 and 3, multicentre randomised controlled trials (NTR7194; NCT03808051) performed in the Leiden University Medical Centre (LUMC). The ABC trials compared PBCC to TBCC on both short and long term outcomes in infants born <32 weeks gestation (16). This study was approved by the Institutional Review Board of the LUMC.


Measurements

To assess DA flow and DA flow ratio, an echocardiographic examination was performed using a Vivid-S6 or Vivid-S60 (GE Healthcare) ultrasound system with a neonatal/paediatric 12S probe (4.0-11.0 MHz) 1 h after birth. Standard two-dimensional grey-scale images were acquired from the parasternal view and stored in digital format. The DA was visualised in the parasternal short axis view (Figure 1). To assess velocity time integral (VTI), pulsed wave Doppler measurements were obtained. Using pulsed wave Doppler measurements, the peak velocity of the R-L and L-R shunt was assessed (Figure 2). VTI evaluation of DA flow included analysis of three consecutive flow profiles, providing a mean VTI for each infant. Variation between the three consecutive flow profiles was calculated using standard deviation. DA shunt volume was calculated using the formula (((π × Annulus/4) × HR × VTI)/birthweight) (4). The net difference in DA shunting was calculated (L-R flow – R-L flow) as well as the DA flow ratio (R-L flow VTI/L-R flow VTI) to assess relative differences between R-L vs. L-R shunting, for each infant (4).


[image: Figure 1]
FIGURE 1. Short axis parasternal view of ductus arteriosus and pulmonary arteries (three vessel view).



[image: Figure 2]
FIGURE 2. Doppler pulse wave measurements of ductus arteriosus flow. Three consecutive flows profiles were used to average measurements.


Measurements of SpO2 and FiO2 were averaged over a period of 5 min directly prior to the echocardiographic examination and SF ratio was calculated subsequently. The correlation between DA flow ratio and FiO2, SpO2, and SF ratio was calculated (SpO2/FiO2; maximum is 4.8; SpO2 100%/FiO2 21%) as well as the correlation between systolic blood pressure and DA flow ratio.

For this pilot study a convenience sample was used. The enrolment was based on the availability of the researcher and whether the echocardiographic ultrasound measurements would not interfere with essential neonatal care.



Statistics

Data were analysed using SPSS software version 24.0 (SPSS IBM, Chicago, Illinois, USA). Results are presented as mean (standard deviation; SD), median [interquartile range; IQR] and n (%). Continuous data were analysed using the sample t-test or Mann-Whitney U-test, if appropriate. Correlation between DA ratio and oxygenation parameters was determined using the Spearman rank correlation test. A two-sided p-value of < 0.05 was regarded as statistically significant.




RESULTS

Echocardiographic measurements were performed in 21 out of 47 infants in the period from June 2018 until November 2018 and from October 2019 until September 2020. Ultrasound measurements were not made in a total of 26 infants; in 13 infants the researcher was unavailable for measurements and in 13 infants measurements would have interfered with needed neonatal care, which was determined by the caregiver and based on the specific treatment plan for each individual infant. In 5/21 infants, DA flow could not be successfully visualised, and therefore analysed, over a full cardiac cycle and measurements were therefore excluded, thus measurements from 16 infants (GA 29 [27–30] weeks; birthweight 1,176 [951–1,409] grams) were analysed (Table 1). Echocardiographic measurements were obtained at a median time of 01:13:00 [01:07:00–01:24:00] h after birth. One infant did not receive respiratory support during measurements, while all other infants received CPAP 7-8 cmH2O with automatic FiO2 control (SpO2 target ranges 91–95%). None of the infants received surfactant, fluid boluses or inotropics prior to ultrasound measurements. SpO2 and FiO2 during measurements were 94 [93–96]% and 0.23 [0.21–0.28]% respectively, with an SF ratio of 4.1 [3.3–4.5] (Table 2). Needed respiratory support in the first 24 h after birth, and need for surfactant of cardiovascular support in the first 48 h is summarised in Table 3.


Table 1. Baseline characteristics, n = 16.

[image: Table 1]


Table 2. Neonatal variables during echocardiographic measurements, n = 16.
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Table 3. Respiratory and cardiovascular variables during the first 24 h after birth, n = 16.
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Median R-L DA shunting was 16 [17–27] ml/kg/min, with a peak velocity of 0.52 [0.41–0.61] m/s and a mean VTI of 3.4 (1.6). Intra-patient SD for R-L VTI was 0.66 [0.39–1.03]. L-R shunting was 110 [81–124] ml/kg/min, with a peak velocity 0.83 [0.65–1.08] m/s and a VTI of 18.7 (8.4). Intra-patient SD for L-R VTI was 1.53 [1.23–3.67]. The net difference in DA shunting (L-R flow—R-L flow) was 89 [56–109] ml/kg/min. The DA flow ratio was 0.18 [0.11–0.28]. There was a moderate positive correlation between DA flow ratio and FiO2 (correlation coefficient (CC) 0.384; p = 0.142). There was a moderate negative correlation between DA flow ratio and SpO2 (CC −0.415; p = 0.110), SF ratio (CC −0.356; p = 0.175), and systolic pressure (CC −0.259; p = 0.300), however correlations remained non-significant (Figure 3). DA flow measurements and ratio where compared between infants who received PBCC or TBCC. One infant was excluded from this analysis based on an increased risk for pulmonary hypertension, based on rupture of membranes nearly 2 weeks prior to birth. Thus, 15 infants were compared (8 PBCC vs. 7 TBCC). We found no differences between groups for either R-L shunting (13 [8–44] vs. 17 [14–23] ml/kg/min, p = 0.30), L-R shunting (113 [86–122] vs. 97 [77–130] ml/kg/min, p = 0.82) or net difference in DA shunting (20 [7–23] vs. 14 [10–19], p = 0.42). No differences were found DA flow ratio between groups (0.12 [0.07–0.46] vs. 0.19 [0.17–0.22], p = 0.23).


[image: Figure 3]
FIGURE 3. Simple scatterplot of the relation between DA flow ratio with oxygenation parameters. (A) Relation between DA flow ratio and the SpO2. (B) Relation between DA flow ratio and FiO2. (C) Relation between DA flow ratio and SF ratio.




DISCUSSION

In this pilot study we evaluated, for the first time, DA flow measurements in preterm infants at 1 h after birth. In this study we observed a bidirectional flow over the DA with a predominance of left-to-right shunting. While, the correlation between DA flow ratio and the SpO2, FiO2 and SF ratio were not significant, the tendency towards significance (p-values < 0.18) indicates that further investigation with a larger group of infants is required to determine whether the DA flow ratio has utility in indicating a successful or disturbed neonatal transition. Moreover, if DA flow ratio can successfully indicate a disturbed transition, based on the differential pressure changes in the pulmonary and systemic circulation, this measure can potentially predict underlying neonatal disease and (adverse) neonatal outcome.

We were able to successfully measure DA flow in 16 preterm infants at 1 h after birth and demonstrated DA flow to be predominantly L-R, indicated by the shunting volumes as well as the small DA flow ratio. Our findings are difficult to compare with the current literature as echocardiographic measurements in preterm infants after birth have previously focused on the presence of DA patency and not on DA flow changes after birth (17, 18). However, we previously demonstrated that in term born infants the DA flow shifts from R-L to predominantly L-R in the first minutes after birth (4) and remains bi-directional in the majority of infants on the first day of life. Similarly, we have now shown that preterm infants follow a similar temporal pattern (19). After birth, spontaneous breathing or assisted ventilation aerates the lung and thereby decreases PVR and increases pulmonary blood flow. This, combined with the increase in SVR that follows umbilical cord clamping, changes the pressure gradient across the DA and causes DA flow to reverse from R-L to predominantly L-R (20–22). The cardiac cycle dependent bidirectional flow pattern within the DA is thought to be due to the time differences between when the pressure waves generated by ventricular contraction reach each end of the DA (12). Early during systole the pressure wave emanating from the right ventricle reaches the pulmonary artery end of the DA first, resulting in R-L flow (5, 12). Then as the pressure way generated by the left ventricle reaches the aortic end of the DA, the pressure gradient across the DA reverses and the flow becomes L-R (5, 12). As such, measuring DA flow after birth, particularly during diastole, provides a direct indication of the pressure gradient across the DA and is highly indicative of the PVR relative to SVR.

Based on the correlation coefficient DA flow ratio showed a moderate negative correlation with both SpO2 and SF ratio and a moderate positive correlation with FiO2, however correlations remained non-significant. The negative correlation between SpO2 and SF ratio and DA ratio were expected, as good oxygenation with little use of additional oxygen would indicate a successful transition, and therefore low DA ratio's. Similarly, the positive correlation with FiO2 was expected, as high levels of additional oxygen would indicate a less successful transition, and therefore higher DA ratio's. All three oxygenation parameters are influenced by the changes during transition to extra-uterine life. After birth the primary site of gas exchange shifts to the lungs, after which oxygenation is largely determined by the surface area available for gas exchange, the gas diffusion distance and the partial pressure gradient for oxygen between the alveoli and adjacent capillaries. Thus, oxygenation depends on adequate lung aeration (surface area), gas diffusion distance and the amount of additional oxygen given during neonatal support (partial pressure gradient), all of which are largely dependent on the success of neonatal transition especially in preterm infants (7, 23).

The association between neonatal oxygenation and PVR has been demonstrated, with a reduced risk for an elevated PVR in preterm born infants with higher oxygenation targets (90–95%) (24). As both PVR and SVR are the main determinants of the DA pressure gradient, changes in PVR based on oxygenation status would subsequently result in changes in DA flow. In addition, studies investigating various oxygenation index's (such as SF ratio) demonstrated that SpO2 is moderately correlated to PVR in lambs (25). Nevertheless, while these oxygenation parameters can provide an indication of PVR, measuring DA flow using echocardiography would present a more direct and possibly a more realistic evaluation of PVR. If this is correct, this could explain why we observed moderate correlations between the oxygenation parameters and the DA flow ratio. As this was a pilot study with a small sample size and a relatively homogenous cohort, the correlations we observed were not statistically significant.

There are various factors that could influence DA shunting, i.e., changes in pulmonary pressure and haemodynamics, which could have had an effect on the obtained DA flow measurements. Infants in this study however, all received similar respiratory support, decreasing the possible influence of pressure change on our measurements. Changes in pulmonary venous return, heart rate, cardiac output and peripheral vascular resistance are all linked to either PVR or SVR, reflecting the neonatal transition, and will therefore be represented in the DA flow ratio.

Previous studies have already demonstrated that only 30-60 s of DCC has a positive effect on blood pressure and the need for inotropics in preterm infants in the first hours after birth (26–28). As PBCC improves hemodynamic stability during neonatal transition (15, 29), it is very well possible that this will further improves blood pressure for these infants. Therefore, DA flow could potentially demonstrate a more predominant L-R flow when compared to infants who received TBCC. However, the aim of this study was to investigate if DA flow ratio was correlated with oxygenation parameters and not to observe differences between groups who received different cord clamping strategies.

This study has some important limitations. The convenience sample used for this study was small, which may have had a limiting effect on the correlations. In addition, sample size was too small to find a significant difference in DA flow ratio. However, the results from this study are important as they could be used to calculate an appropriate sample size to demonstrate differences between groups in future studies. In a considerable number of infants who were eligible for this study echocardiographic measurement could not be obtained as the time point was not convenient and intervened with the clinical care, or the researcher was not available. When DA flow ratio were to be further assessed in a larger trial, echocardiographic measurements at different moments after birth would be recommended as well as having measurements performed by caregivers themselves.

In conclusion, this is the first study to report ultrasound measurements of DA flow at 1 h after birth in infants born <32 weeks gestational age. No differences were found when comparing measurements of infants who received PBCC and TBCC. We observed a non-significant positive correlation between the DA flow ratio and oxygenation parameters in preterm infants. Whether this parameter reflects the state of neonatal transition remains to be further investigated.



DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be made available by the authors, upon reasonable request.



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by Medical Research Ethics Committee of Leiden-Den Haag-Delft, Leiden University Medical Center. Written informed consent to participate in this study was provided by the participants' legal guardian/next of kin.



AUTHOR CONTRIBUTIONS

EB, RK, SH, AT, and AR wrote the ethics application. EB, AT, and AR participated in the study design and coordination, collected and analysed the data, and reviewed the literature. NH and SB participated in the study design. EB wrote the first draft and submitted the article. All authors participated in reviewing the data and editing the manuscript and read and approved the final manuscript.



FUNDING

AT was the recipient of a Vidi grant, The Netherlands Organisation for Health Research and Development (ZonMw), part of the Innovational Research Incentives Scheme Veni-Vidi-Vici (NWOVidi 2015/2016).



ABBREVIATIONS

DA, Ductus arteriosus; Rtol, right to left; LtoR, left to right; SF, SpO2/FiO2; PBCC, physiological-based cord clamping; TBCC, time-based cord clamping; PVR, pulmonary vascular resistance; VTI, velocity time integral; CC, correlation coefficient.



REFERENCES

 1. Rudolph AM. Fetal and neonatal pulmonary circulation. Am Rev Respir Dis. (1977) 115:11–8. 

 2. Heymann MA. Control of the pulmonary circulation in the fetus and during the transitional period to air breathing. Eur J Obstet Gynecol Reprod Biol. (1999) 84:127–32. doi: 10.1016/S0301-2115(98)00321-2 

 3. Hooper SB, Binder-Heschl C, Polglase GR, Gill AW, Kluckow M, Wallace EM, et al. The timing of umbilical cord clamping at birth: physiological considerations. Matern Health Neonatol Perinatol. (2016) 2:4. doi: 10.1186/s40748-016-0032-y 

 4. van Vonderen JJ, te Pas AB, Kolster-Bijdevaate C, van Lith JM, Blom NA, Hooper SB, et al. Non-invasive measurements of ductus arteriosus flow directly after birth. Arch Dis Child Fetal Neonatal Ed. (2014) 99:F408-12. doi: 10.1136/archdischild-2014-306033

 5. Crossley KJ, Allison BJ, Polglase GR, Morley CJ, Davis PG, Hooper SB. Dynamic changes in the direction of blood flow through the ductus arteriosus at birth. J Physiol. (2009) 587:4695–704. doi: 10.1113/jphysiol.2009.174870

 6. Polglase GR, Hooper SB, Gill AW, Allison BJ, McLean CJ, Nitsos I, et al. Cardiovascular and pulmonary consequences of airway recruitment in preterm lambs. J Appl Physiol. (2009) 106:1347–55. doi: 10.1152/japplphysiol.91445.2008

 7. Dekker J, van Kaam AH, Roehr CC, Flemmer AW, Foglia EE, Hooper SB, et al. Stimulating and maintaining spontaneous breathing during transition of preterm infants. Pediatr Res. (2019) 161:291–326. doi: 10.1038/s41390-019-0468-7

 8. Martherus T, Oberthuer A, Dekker J, Kirchgaessner C, van Geloven N, Hooper SB, et al. Comparison of two respiratory support strategies for stabilization of very preterm infants at birth: a matched-pairs analysis. Front Pediatr. (2019) 7:3. doi: 10.3389/fped.2019.00003

 9. Thomas NJ, Shaffer ML, Willson DF, Shih MC, Curley MA. Defining acute lung disease in children with the oxygenation saturation index. Pediatr Crit Care Med. (2010) 11:12-7. doi: 10.1097/PCC.0b013e3181b0653d

 10. Muniraman HK, Song AY, Ramanathan R, Fletcher KL, Kibe R, Ding L, et al. Evaluation of oxygen saturation index compared with oxygenation index in neonates with hypoxemic respiratory failure. JAMA Netw Open. (2019) 2:e191179. doi: 10.1001/jamanetworkopen.2019.1179

 11. Khemani RG, Patel NR, Bart RD 3rd, Newth CJL. Comparison of the pulse oximetric saturation/fraction of inspired oxygen ratio and the PaO2/fraction of inspired oxygen ratio in children. Chest. (2009) 135:662–8. doi: 10.1378/chest.08-2239

 12. Hooper SB, Polglase GR, Roehr CC. Cardiopulmonary changes with aeration of the newborn lung. Paediatr Respir Rev. (2015) 16:147–50. doi: 10.1016/j.prrv.2015.03.003

 13. Bhatt S, Alison BJ, Wallace EM, Crossley KJ, Gill AW, Kluckow M, et al. Delaying cord clamping until ventilation onset improves cardiovascular function at birth in preterm lambs. J Physiol. (2013) 591:2113–26. doi: 10.1113/jphysiol.2012.250084

 14. Polglase GR, Dawson JA, Kluckow M, Gill AW, Davis PG, Te Pas AB, et al. Ventilation onset prior to umbilical cord clamping (physiological-based cord clamping) improves systemic and cerebral oxygenation in preterm lambs. PLoS ONE. (2015) 10:e0117504. doi: 10.1371/journal.pone.0117504

 15. Brouwer E, Knol R, Vernooij ASN, van den Akker T, Vlasman PE, Klumper F, et al. Physiological-based cord clamping in preterm infants using a new purpose-built resuscitation table: a feasibility study. Arch Dis Child Fetal Neonatal Ed. (2019) 104:F396–402.

 16. Knol R, Brouwer E, Klumper F, van den Akker T, DeKoninck P, Hutten GJ, et al. Effectiveness of stabilization of preterm infants with intact umbilical cord using a purpose-built resuscitation table-study protocol for a randomized controlled trial. Front Pediatr. (2019) 7:134. doi: 10.3389/fped.2019.00134

 17. Vick GW 3rd, Huhta JC, Gutgesell HP. Assessment of the ductus arteriosus in preterm infants utilizing suprasternal two-dimensional/Doppler echocardiography. J Am Coll Cardiol. (1985) 5:973–7. doi: 10.1016/S0735-1097(85)80442-3

 18. Reller MD, Ziegler ML, Rice MJ, Solin RC, McDonald RW. Duration of ductal shunting in healthy preterm infants: an echocardiographic color flow Doppler study. J Pediatr. (1988) 112:441–6. doi: 10.1016/S0022-3476(88)80333-0

 19. Mahoney LT, Coryell KG, Lauer RM. The newborn transitional circulation: a two-dimensional Doppler echocardiographic study. J Am Coll Cardiol. (1985) 6:623–9. doi: 10.1016/S0735-1097(85)80123-6

 20. Clyman RI. Mechanisms regulating the ductus arteriosus. Biol Neonate. (2006) 89:330–5. doi: 10.1159/000092870

 21. Hermes-DeSantis ER, Clyman RI. Patent ductus arteriosus: pathophysiology and management. J Perinatol. (2006) 26(Suppl 1):S14-8; discussion S22-3. doi: 10.1038/sj.jp.7211465

 22. Polglase GR, Wallace MJ, Grant DA, Hooper SB. Influence of fetal breathing movements on pulmonary hemodynamics in fetal sheep. Pediatr Res. (2004) 56:932–8. doi: 10.1203/01.PDR.0000145254.66447.C0

 23. Hooper SB, Te Pas AB, Kitchen MJ. Respiratory transition in the newborn: a three-phase process. Arch Dis Child Fetal Neonatal Ed. (2016) 101:F266–71. doi: 10.1136/archdischild-2013-305704

 24. Laliberté C, Hanna Y, Ben Fadel N, Lemyre B, Bijelic V, Barrowman N, et al. Target oxygen saturation and development of pulmonary hypertension and increased pulmonary vascular resistance in preterm infants. Pediatr Pulmonol. (2019) 54:73–81. doi: 10.1002/ppul.24193

 25. Lakshminrusimha S, Swartz DD, Gugino SF, Ma CX, Wynn KA, Ryan RM, et al. Oxygen concentration and pulmonary hemodynamics in newborn lambs with pulmonary hypertension. Pediatr Res. (2009) 66:539–44. doi: 10.1203/PDR.0b013e3181bab0c7

 26. Mercer JS, McGrath MM, Hensman A, Silver H, Oh W. Immediate and delayed cord clamping in infants born between 24 and 32 weeks: a pilot randomized controlled trial. J Perinatol. (2003) 23:466–72. doi: 10.1038/sj.jp.7210970

 27. Kugelman A, Borenstein-Levin L, Riskin A, Chistyakov I, Ohel G, Gonen R, et al. Immediate versus delayed umbilical cord clamping in premature neonates born <35 weeks: a prospective, randomized, controlled study. Am J Perinatol. (2007) 24:307–15. doi: 10.1055/s-2007-981434

 28. Baenziger O, Stolkin F, Keel M, von Siebenthal K, Fauchere JC, Das Kundu S, et al. The influence of the timing of cord clamping on postnatal cerebral oxygenation in preterm neonates: a randomized, controlled trial. Pediatrics. (2007) 119:455–9. doi: 10.1542/peds.2006-2725

 29. Knol R, Brouwer E, van den Akker T, DeKoninck P, van Geloven N, Polglase GR, et al. Physiological-based cord clamping in very preterm infants - randomised controlled trial on effectiveness of stabilisation. Resuscitation. (2020) 147:26–33. doi: 10.1016/j.resuscitation.2019.12.007

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2021 Brouwer, Knol, Hahurij, Hooper, Te Pas and Roest. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fped-09-668744-t002.jpg
Respiratory support

- None 1(6)
- cPAP 15 (94)
SpO, 94 (93-96)
FiO, 0.23[0.21-0.28)
Heartrate 152 [136-160)
Blood pressure

- Systolic 52 [47-58)

- Diastolic 34 [26-41)

- MAP 41 [34-49)
First neonatal blood gas

- pH 7.24[7.16-7.30]
- lactate 22[1.6-6.1)

Values are presented as n (%) and median [IQR).
CPAR, Continuous positive airway pressure; MAR Mean arterial blood pressure.





OPS/images/fped-09-668744-t003.jpg
Respiratory support 6 h

- None 16)
- CPAP 15 (94)
PEEP. 716-8)
FiO, 022 [0.21-0.25)
Respiratory support 12h

- None 1(6)

- cPAP 15.(94)
PEEP 7[6-7)
FiO, 022 [0.21-0.25)
Respiratory support 24 h

- None 16)

- High flow 16

- CPAP 14.(88)
PEEP. 7(6-7)
FiO2 022 (0.21-0.25)
Need for surfactant <48 h

- Yes 2(12)

- No 14 (88)
Cardiovascular support <48 h

- None 14.(88)

- Fluid bolus 2(12)

- Inotropics 0(0)

Values are presented as n (%) and median OR].
CPAR Continuous positive ainway pressure; PEER, Positive end expiratory pressure; FiO2,
fractional inspired oxygen.





OPS/images/fped-09-668744-g003.gif
100

95| . .
. .
%
8 o)
8
s
o e ;
DA flow ratio
.
10
o4
508
g
o4 .
o2 will® & .
o lln 05 1
DA flow ratio

(] g A
DA flow ratio





OPS/images/fped-09-668744-t001.jpg
Gestational age, weeks 29 27-30)

Birthweight, grams 1176
[951-1,409)

Female 11(68.8)

Antenatal corticosteroids

- Yes, complete course 11(68.8)

- Yes, incomplete course 5313

- No 0(0)

Caesarean section 7438

Apgar 1min 714-8)

Apgar 5min 8[8-9)

Apgar 10min 9[0-10]

Respiratory support in delivery room

- None 0(0)

- cPAP 16 (100)

- PPV 7438

- Intubation 0(0)

FiOp max 0.85[0.50-1.0]

Values are presented as median [IQR] and n (%).
CPAR, Continuous positive airway pressure; PPV, positive pressure ventilation.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Ductal Flow Ratio as Measure of Transition in Preterm Infants After Birth: A Pilot Study



		Introduction



		Methods



		Measurements



		Statistics







		Results



		Discussion



		Data Availability Statement



		Ethics Statement



		Author Contributions



		Funding



		Abbreviations



		References

















OPS/images/cover.jpg
’ frontiers
in Pediatrics

Ductal Flow Ratio as Measure of
Transition in Preterm Infants After
Birth: A Pilot Study





OPS/images/fped-09-668744-g001.gif





OPS/images/fped-09-668744-g002.gif
MMMqu

Yy Yy yywy
A;\HW&










OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Pediatrics





