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Editorial

Oxygen to the newborn—too little or too much?

This special series of Pediatric Medicine (PM) is about oxygenation of the newborn. World leading experts are presenting the 
most updated knowledge and information in this field. Today we know that oxygenation of the newborn represents a double 
edged sword. Too little may lead to hypoxia with a number of potential negative effects and too much oxygen may lead to 
oxidative stress and injury to tissues of several organs. Contemporary newborn medicine therefore deals with the dilemma 
to find the optimal balance between not giving too little and not too much. Already in 1774, when Joseph Priestly described 
oxygen as an element he realized oxygen may be toxic. However, it was the French chemist Antoine Lavoisier who a few years 
later understood the role of oxygen in combustion. When he was beheaded in 1794, during the French revolution, the world 
lost one of its best brains ever.

The role of oxygen therapy in the newborn is to:
(I) Provide sufficient oxygen to the tissues and avoid anaerobic metabolism;
(II) Prevent hypoxic pulmonary vasoconstriction;
(III) Promote brain and somatic growth;
(IV) Minimize adverse effects.
These, sometimes conflicting goals, illustrate the delicate balance between too little and too much we have to define (1-3). 

The epidemic leading to retrolental fibroplasia and blindness in the 1940’s illustrates this. Even today the blindness caused by 
too much oxygen in premature infants represents a global health problem. Up to quite recent time this balance in oxygenation 
has been ignored. In 1992 the American Heart Association published guidelines for newborn resuscitation with the now 
infamous statement: “there is no reason to be concerned giving pure oxygen a brief period after birth” (4). Today we know 
there were reasons to be concerned. As we point out in this series of PM and elsewhere, much of the experimental and clinical 
studies related to newborn oxygenation which were carried out from around 1990 and onwards were based on the studies of 
one single molecule “hypoxanthine” (5-7). 

Since 2010 it has been established that term or near term newborn infants in need of positive pressure ventilation (PPV) 
immediately after birth should be given air instead of oxygen (8). This paradigmatic shift in understanding and practice is 
estimated to prevent up to half a million newborn deaths annually, due to a reduced mortality applying air instead of pure 
oxygen combined with the effort to rescue so-called fresh stillbirths with air ventilation (7,9,10). Another advantage with 
air resuscitation compared to resuscitation with 100% O2 is that the newborn takes its first breath approximately 30 seconds 
earlier when PPV is provided by air (9-11). New resuscitation programs such as the Helping Babies Breathe developed by the 
American Academy of Pediatrics are based on this new recognition of applying air (12). However, there are still gaps in our 
knowledge regarding resuscitation and many of these are discussed in this series of PM.

Sankaran, Rawat, and Lakshminrusimha discuss optimal oxygen use during cardiopulmonary resuscitation including chest 
compressions. They summarize important physiological aspects of chest compressions. There are limited clinical data to guide 
us about the optimal FiO2 during chest compressions. Sankaran et al argue, however, convincingly that 100% oxygen should 
be applied during the compressions. It is, however, important to wean directly to air as soon as sinus rhythm is established (13).

Oxygenation of premature infants, and especially the most immature ones during PPV is another matter of discussions 
and arguing. Oei and co-workers have the recent years presented the most fundamental new knowledge in this field through 
randomized studies and questionnaires. This group was the first to demonstrate that immature infants <28 weeks gestational 
age need more than air if they need PPV at birth (14). However, how much supplemental oxygen is still not known. What 
we have learnt from this group is the importance of an optimal development of the oxygen saturation of premature infants 
the first 5–10 minutes after birth. The most optimal outcome is found if SpO2 reaches 80% within the first 5 minutes (15). 
By analyzing the same cohort of premature infants, Kapadia et al have shown that bradycardia the first minutes after birth 
reflects poorer outcome. In fact, the combination of not reaching SpO2 of 80% and bradycardia (<100 bpm) more than  
2 minutes during the first 5 minutes after birth, increases risk of death 18-fold (16). In this series of PM Sotiropoulos, 
Kapadia, Ramachandran, and Oei summarizes why it is so important to control oxygen saturation and heart rate during the 
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first 10 minutes of life. They also discuss the optimal techniques to monitor oxygenation and heart rates (17). 
Padilla-Sanchez et al were pioneers to demonstrate that delayed cord-clamping accelerates the increase of SpO2 the first 

minutes after birth (18). In this series in PM Padilla-Sanchez together with Baixauli-Alacreu, Solaz-Garcia, Lara-Canton, and 
Vento in Valencia, Spain present updated reference ranges for SpO2, heart rate and respiratory function the first minutes after 
birth (19). These are important in order to guide the neonatologists in their attempts to stabilize the newly born child in the 
delivery room. 

The oxygenation of premature infants beyond the delivery room is summarized by Schmidt and Kirpalani (20). Also in this 
period of life we don’t know the optimal oxygenation for the most immature infants. However, the Neonatal Oxygenation 
Prospective Meta-analysis (NeOProM) study, of which one of the principle investigators was Barbara Schmidt, has provided 
us with more knowledge so we can give recommendations (21). SpO2 should be kept between 91–95%, or 90–94% according 
to the NICE and European Consensus guidelines respectively (22,23). Both recommend tight alarm limits in order to avoid 
oxygen fluctuations. It seems that not only low oxygen but also oxygen peaks are detrimental. Schmidt and Kirpalani in their 
article argue that each neonatal unit should adjust these guidelines according to the morbidity and mortality profile of the 
unit. Neonatal intensive care units with high risks of death and severe necrotizing enterocolitis will benefit more from higher 
target saturations than units where the risks of these outcomes are low. Similarly, neonatal intensive care units with a high risk 
of severe retinopathy will experience more harm from higher target saturations than units where the risk of severe retinopathy 
is low. This represents a step forward towards personalized medicine (20).

Sun, Rong, and Zhang present an overview of oxygen therapy in China. These therapies are now adjusted to international 
guidelines, however, still there is a lack of important equipment such as pulse oximeters and blenders (24). This article sheds 
lights on why there has been a dramatic reduction of neonatal mortality and morbidity in a short time period in China. Low 
and middle income countries could gain experience from this Chinese success story.

However, in spite of all the progress, there are a number of unknown factors regarding newborn oxygenation. The 
future generations of neonatologists do not lack new research topics and projects on the way to optimize oxygen care of the 
newborn. It is recommended to create international study groups and systematize and coordinate efforts, in order to reduce 
neonatal mortality and morbidity even further. The present series of Pediatric Medicine may be a starting point and tool to 
achieve that.

Acknowledgments

Funding: None.

Footnote

Provenance and Peer Review: This article was commissioned by the editorial office, Pediatric Medicine for the series “Oxygen in 
the Newborn”. The article did not undergo external peer review.

Conflict of Interests: The author has completed the ICMJE uniform disclosure form (available at https://pm.amegroups.com/
article/view/10.21037/pm-22-60/coif). The series “Oxygen in the Newborn” was commissioned by the editorial office without 
any funding or sponsorship. ODS has received consultancy grants from InfanDx, Germany and Chiesi farmaceutici Parma/
Stockholm and is on the data safety monitoring committee on the DOXIE trial. ODS stated that none of these are relevant 
to the topic of this article. ODS served as the unpaid Guest Editor of the series and serves as an unpaid Associate Editor-in-
Chief of Pediatric Medicine from January 2022 to December 2023. The author has no other conflicts of interest to declare.

Ethical Statement: The author is accountable for all aspects of the work in ensuring that questions related to the accuracy or 
integrity of any part of the work are appropriately investigated and resolved.

Open Access Statement: This is an Open Access article distributed in accordance with the Creative Commons Attribution-
NonCommercial-NoDerivs 4.0 International License (CC BY-NC-ND 4.0), which permits the non-commercial replication and 

https://pm.amegroups.com/article/view/10.21037/pm-22-60/coif
https://pm.amegroups.com/article/view/10.21037/pm-22-60/coif


Pediatric Medicine, 2023 Page 3 of 4

© Pediatric Medicine. All rights reserved. Pediatr Med 2023 | https://dx.doi.org/10.21037/pm-22-60

distribution of the article with the strict proviso that no changes or edits are made and the original work is properly cited (including 
links to both the formal publication through the relevant DOI and the license). See: https://creativecommons.org/licenses/by-nc-
nd/4.0/.

References

1. Saugstad OD, Kapadia V, Oei JL. Oxygen in the First Minutes of Life in Very Preterm Infants. Neonatology 2021;118:218-24.
2. Mathias M, Chang J, Perez M, et al. Supplemental Oxygen in the Newborn: Historical Perspective and Current Trends. 

Antioxidants (Basel) 2021;10:1879.
3. Perez M, Robbins ME, Revhaug C, et al. Oxygen radical disease in the newborn, revisited: Oxidative stress and disease in the 

newborn period. Free Radic Biol Med 2019;142:61-72.
4. Guidelines for cardiopulmonary resuscitation and emergency cardiac care. Emergency Cardiac Care Committee and 

Subcommittees, American Heart Association. Part VII. Neonatal resuscitation. JAMA 1992;268:2276-81.
5. Saugstad OD. Oxygenation of the newborn. The impact of one molecule on newborn lives. J Perinat Med 2022. [Epub ahead of 

print]. doi: 10.1515/jpm-2022-0259.
6. Robbins ME, Saugstad OD. Oxygen for newborn resuscitation: a narrative review. Pediatr Med 2023. doi: 10.21037/pm-21-110.
7. Saugstad OD. Resuscitation of newborn infants: from oxygen to room air. Lancet 2010;376:1970-1.
8. Perlman JM, Wyllie J, Kattwinkel J, et al. Part 11: Neonatal resuscitation: 2010 International Consensus on Cardiopulmonary 

Resuscitation and Emergency Cardiovascular Care Science With Treatment Recommendations. Circulation 2010;122:S516-38.
9. Saugstad OD, Rootwelt T, Aalen O. Resuscitation of asphyxiated newborn infants with room air or oxygen: an international 

controlled trial: the Resair 2 study. Pediatrics 1998;102:e1.
10. Tan A, Schulze A, O'Donnell CP, et al. Air versus oxygen for resuscitation of infants at birth. Cochrane Database Syst Rev 

2005;2005:CD002273.
11. Saugstad OD, Ramji S, Soll RF, et al. Resuscitation of newborn infants with 21% or 100% oxygen: an updated systematic review 

and meta-analysis. Neonatology 2008;94:176-82.
12. Niermeyer S, Little GA, Singhal N, et al. A Short History of Helping Babies Breathe: Why and How, Then and Now. Pediatrics 

2020;146:S101-11.
13. Sankaran D, Rawat M, Lakshminrusimha S. Optimal oxygen use in the neonatal advanced cardiopulmonary resuscitation – a 

literature review. Pediatr Med 2023. doi: 10.21037/pm-21-74.
14. Oei JL, Saugstad OD, Lui K, et al. Targeted Oxygen in the Resuscitation of Preterm Infants, a Randomized Clinical Trial. 

Pediatrics 2017;139:e20161452.
15. Oei JL, Finer NN, Saugstad OD, et al. Outcomes of oxygen saturation targeting during delivery room stabilisation of preterm 

infants. Arch Dis Child Fetal Neonatal Ed 2018;103:F446-54.
16. Kapadia V, Oei JL, Finer N, et al. Outcomes of delivery room resuscitation of bradycardic preterm infants: A retrospective 

cohort study of randomised trials of high vs low initial oxygen concentration and an individual patient data analysis. 
Resuscitation 2021;167:209-17.

17. Sotiropoulos JX, Kapadia V, Ramachandran S, et al. Ten minutes to save a baby: a narrative review of newborn assessment 
during first minutes of life and relationship to outcomes. Pediatr Med 2022;5:31.

18. Padilla-Sánchez C, Baixauli-Alacreu S, Cañada-Martínez AJ, et al. Delayed vs Immediate Cord Clamping Changes Oxygen 
Saturation and Heart Rate Patterns in the First Minutes after Birth. J Pediatr 2020;227:149-156.e1.

19. Padilla- Sánchez C, Baixauli-Alacreu S, Solaz-Garcia A et al. Reference ranges for SpO2, respiratory rate, and tidal volume in 
term infants after birth. A narrative review. Pediatr Med 2023. doi: 10.21037/pm-21-75.

20. Schmidt B, Kirpalani H. Safe and sound oxygen therapy for extremely preterm infants: a literature review. Pediatr Med 
2022;5:20.

21. Schmidt B, Whyte RK, Asztalos EV, et al. Effects of targeting higher vs lower arterial oxygen saturations on death or disability 
in extremely preterm infants: a randomized clinical trial. JAMA 2013;309:2111-20.

22. Specialist neonatal respiratory care for babies born preterm. NICE guideline [NG124] Published: 03 April 2019. Available 
online: https://www.nice.org.uk/guidance/ng124

https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/


Pediatric Medicine, 2023Page 4 of 4

© Pediatric Medicine. All rights reserved. Pediatr Med 2023 | https://dx.doi.org/10.21037/pm-22-60

doi: 10.21037/pm-22-60
Cite this article as: Saugstad OD. Oxygen to the newborn—
too little or too much? Pediatr Med 2023.

23. Sweet DG, Carnielli V, Greisen G, et al. European Consensus Guidelines on the Management of Respiratory Distress Syndrome - 
2019 Update. Neonatology 2019;115:432-50.

24. Sun Y, Rong X, Zhang H. Oxygenation of the newborn: a Chinese perspective. Pediatr Med 2023. doi: 10.21037/pm-22-52.

Ola Didrik Saugstad^
Department of Pediatric Research, University of Oslo, Norway & Division of Neonatology,  

Department of Pediatrics, Northwestern University Feinberg School of Medicine,  
Ann & Robert H. Lurie Children’s Hospital of Chicago, Chicago, IL, USA. 

(Email: o.d.saugstad@medisin.uio.no)
Received: 19 December 2022; Accepted: 28 December 2022; Published online: 15 January 2023.

doi: 10.21037/pm-22-60
View this article at: https://dx.doi.org/10.21037/pm-22-60

Ola Didrik Saugstad


