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Resuscitation of newborn infants: from oxygen to room air
Over the past decade, there has been lively discussion 
about the optimum oxygen concentration for resuscitation 
of newborn babies.1,2 Until recently, the routine had 
been to use 100% oxygen for resuscitation at birth, but 
was this harmful? Elemental oxygen was discovered in 
about 1775 and, by 1780, it was being used to resuscitate 
newborns. It took, however, 200 years before this unproven 
practice was questioned3 and systematic experimental and 
clinical studies were done to assess the short-term and 
long-term eff ects of oxygen.

A new understanding fl owed from two fi ndings: our 
report that the ATP-breakdown metabolite, hypoxanthine, 
increases in concentration after birth asphyxia4 and 
knowledge that hypoxanthine is a potential generator 
of oxygen radicals.5 We became concerned that the 
combination of high hypoxanthine levels and high oxygen 
concentrations, typically found in neonatal resuscitation 
with oxygen, might be harmful.3

Experimental studies showed that heart rate and 
metabolic changes in asphyxiated newborn piglets returned 
to normal just as quickly when resuscitation was with 
21% as with 100% oxygen.6 Subsequent studies showed 
that pure oxygen also caused direct injury to organs, such 
as the brain, and augmented pulmonary contractility to 
increase the risk of pulmonary hypertension.7–9 In hypoxic 
newborn mice and piglets, oxygen exposure delays DNA 
repair after oxidative damage.10,11

Clinical studies of term or late preterm newborns needing 
resuscitation indicated that those resuscitated with 21% 
oxygen had higher Apgar scores at 5 min, higher heart rate 
at 90 s of age, and took their fi rst breath 30 s earlier than 
those who received 100% oxygen.12,13 Pure oxygen seems to 
trigger a long-term increase in oxidative stress and more 
injury to the myocardium and kidney.14

The most important fi nding is that use of 21% oxygen 
was associated with lower neonatal mortality. The clinical 
studies are summarised in systematic reviews and meta-
analyses showing that neonatal mortality is reduced by 30% 
in babies resuscitated with room air.15,16 The most recent 
systematic review included ten studies with 2134 infants 
of whom 1051 were resuscitated with 100% and 1082 with 
21% oxygen.16 Neonatal mortality was reduced from 12·8% 
in those treated with oxygen to 8·2% in the room-air group 
(relative risk 0·69, 95% CI 0·54–0·88) (fi gure). A separate 
analysis of the six strictly randomised studies, all from 

Europe, indicated that neonatal mortality was reduced from 
3·9% to 1·1%, an almost 70% (0·32, 0·12–0·84) relative risk 
reduction compared with the room-air group.

Accumulating data from small studies of preterm infants 
indicate that babies of less than 29 weeks’ gestation should 
not be stabilised and resuscitated with 100% oxygen 
but instead 21–30% oxygen should initially be used. The 
oxygen supply should then be adjusted according to 
response, preferably by measuring oxygen saturations with 
a pulse oximeter.17,18

Two studies, from Sweden and the USA, showed an 
association between childhood cancer, particularly 
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Figure: From molecular understanding to clinical practice in newborn 
resuscitation
ATP is degraded in hypoxia with accumulation of hypoxanthine. During 
reoxygenation/resuscitation, oxygen radicals are produced, more when 
reoxygenation occurs with 100% than with 21% oxygen. Use of 100% oxygen in 
newborn resuscitation translates into signifi cantly higher neonatal mortality.16
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leukaemia, and exposure to oxygen at birth. Even a few 
minutes of oxygen supplementation seems to represent 
a risk, increasing the odds for cancer about threefold.19,20 
About one in seven childhood cancers could be prevented 
by avoiding use of pure oxygen for newborn resuscitation.21

Previous international guidelines uncritically recom-
mended use of 100% oxygen for newborn resuscitation. 
However, in 2005, doubts about this practice were 
recognised.22 In 2010, it is believed that the International 
Liaison Committee on Resuscitation might change 
the guidelines to recommend a low-oxygen approach 
for newborn resuscitation. Before this, in 1998, WHO 
recommended use of 21% oxygen for basic newborn 
resuscitation,23 and from 2006 several countries, including 
Canada, Australia, Sweden, Finland, the UK, the Netherlands, 
Belgium, Spain, and Russia, followed this guidance.

Each year, 4 million newborn infants have birth asphyxia 
and 1 million die. A 30% reduction in mortality with 
21% instead of 100% oxygen means that more than 
100 000 newborn lives could be saved globally each year 
by switching from pure oxygen to ambient air for newborn 
resuscitation. The use of 100% oxygen for newborn 
resuscitation probably will be remembered as one of the 
most dangerous therapies infl icted on newborns.
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