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abstract
Newborn infants in need of positive pressure ventilation at birth 
should initially be given 21% O2 from term to gestational age 33 
weeks. Gestational ages 29-32 weeks could be given initially 
FiO2 of  0.21-0.30. For ≤ 28 weeks FiO2 of 0.30 or more should 
be given initially. FiO2 should then be adjusted according to 
the oxygen saturation response assessed by pulse oximetry.
  After delivery room stabilisation oxygen saturation targets 
of 85-89% increases the risk of mortality and necrotizing 
enterocolitis. In spite an oxygen target of 90-95% increases the 
risk of ROP this is presently the recommended range.
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RESUSCITATION AND STABILIZATION  
IN THE DELIVERY ROOM

In term and near term newborn infants in need of positive 
pressure ventilation, ILCOR and WHO  state that it is best 
to start with air rather than with supplementary oxygen. 
Fraction of inspired oxygen (FiO2) could be increased in 
response to the development of arterial oxygen saturation 
(SpO2) the first minutes of life and follow the nomograms 
by Dawson et al.1 In a recent meta-analysis of newborn 
infants < 33 weeks gestational age, there was a strong 
tendency to lower mortality when FiO2 is started low 
(0.21–0.30) vs high (0.60–1.00) in such babies.2 These 
data therefore indicate it is reasonable to start ventila-
tion with 21 or 30% oxygen and adjust FiO2 according to 
pulse oximeter readings.3,4 If a blender is not available, 
it is recommended to start with air. However, very few 
data regarding babies < 29 weeks gestational age (GA) are 
published. Such immature infants might need a higher  
concentration of supplemental oxygen initially.5 Until 
more studies are published in this field, this author  
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recommends starting with at least 30% O2 FiO2. Fraction 
of inspired oxygen is then adjusted according to the 
response in heart rate and/or SpO2 from pulse oximetry 
readings.

The following suggestions for newborn resuscitation/
stabilization are recommended (Graph 1):2,5,6

•	 33 weeks GA to term: Initial FiO2 0.21
•	 29–32 weeks GA: Initial FiO2 0.21–0.30
•	 �< 28 weeks GA: Initial FiO2 at least 0.30 (optimal level 

is not known)
•	 �Adjust according to the need assessed by pulse 

oximetry (if available).

OXYGENATION OF EXTREMELY LOW  
BIRTH WEIGHT INFANTS BEYOND THE 
DELIVERY ROOM

The optimal oxygen saturation targets in extremely low 
birth weight infants after initial stabilization and the 
next weeks to minimize death and complications as 
retinopathy of prematurity (ROP) are not known. For 
that reason, five multicenter studies were organized with 
the aim to answer whether extremely prenature infants 
after delivery room handling should be kept at a low or 
a high oxygen saturation target. These studies are the 
SUPPORT trial, the BOOST 2 trial (UK, Australian, and 
New Zealand branches), and the COT trial.7-9 Premature 

Graph 1: High vs low initial FiO2 for newborn resuscitation. Odds 
ratio (OR) or Relative risk (RR) with 95% confidence interval 
vs GA. < 1 favors low initial FiO2; > 31 weeks: Significant lower 
mortality rate starting with a low FiO2; 28–31 weeks: No significant 
difference whether you start low or high; < 28 weeks: Significant 
higher mortality if initial FiO2 is 0.21
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infants < 28 weeks GA were randomized to low (85–89%) 
or high functional SpO2 targets (91–95%). Because of the 
similarities between these trials, it was decided to combine 
all data in a final meta-analysis called the NEOPROM 
(Neonatal Oxygenation Prospective Meta-analysis) 
project.10

Totally, 4,908 infants were enrolled, 2,454 in each 
group. Mean GAs were around 26 weeks and mean birth 
weights between 820 and 850 gm. There was an exposure 
of antenatal steroid use between 90 and 96%.11

Mortality

At 18 to 22 months, corrected age mortality for all studies 
combined was 19.3% in the low and 16.2% in the high 
saturation groups, respectively, giving a summary rela-
tive risk (RR) = 1.18 (95% confidence interval: 1.04–1.34).11

Morbidities

Severe ROP was found in 10.7% in the low saturation 
group vs 14.5% in the high saturation group, summary 
RR 0.74 (0.51–1.03). 

Necrotizing enterocolitis (NEC) was significantly 
higher in the low vs the high saturation target group.11 

Discussion

The optimal initial FiO2 for resuscitation of very low birth 
weight infants and especially extremely low birth weight 
infants is not yet known. Therefore there is an urgent need 
for large clinical studies in this field.

CONCLUSION

The reason for why a low saturation target beyond the 
delivery room handling  may increase mortality and 
necrotizing enterocolitis  is not known or understood. 
Until more evidence is established it is recommended in 28 
weeks gestational age or less to target oxygen saturation 
between 90 and 95% the first weeks after birth, knowing 
this may increase retinopathy of prematurity. These data 
illustrate present dilemmas regarding oxygen therapy 
of the newborn. We are still far from understanding how 
to carry out optimal oxygen therapy in these  patients.

REFERENCES

	 1.	 Dawson JA, Kamlin CO, Vento M, Wong C, Cole TJ,  
Donath SM, Davis PG, Morley CJ. Defining the reference range 
for oxygen saturation for infants after birth. Pediatrics 2010 
Jun;125(6):e1340-e1347.

	 2.	 Saugstad OD, Aune D. Optimal oxygenation of extremely 
low birth weight infants: a meta-analysis and systematic 
review of the oxygen saturation target studies. Neonatology 
2014;105(1):55-63.

	 3.	 Dawson JA, Vento M, Finer NN, Rich W, Saugstad OD,  
Morley CJ, Davis PG. Managing oxygen therapy during  
delivery room stabilization of preterm infants. J Pediatr 2012 
Jan;160(1):158-161.

	 4.	 Finer N, Saugstad O, Vento M, Barrington K, Davis P, Duara S,  
Leone T, Lui K, Martin R, Morley C, et al. Use of oxygen 
for resuscitation of the extremely low birth weight infant. 
Pediatrics 2010 Feb;125(2):389-391.

	 5.	 Oei JL, Vento M, Rabi Y, Wright I, Finer N, Rich W et al. 
Higher or Lower Oxygen for Delivery Room Resuscitation 
of Preterm Infants Below 28 Completed Weeks Gestation: A 
meta-analysis. Archives Diseases Childhood Fetal Neonatal 
Edition, in press.

	 6.	 Saugstad OD, Ramji S, Soll RF, Vento M. Resuscitation of 
newborn infants with 21% or 100% oxygen: an updated sys-
tematic review and meta-analysis. Neonatology 2008;94:176-82

	 7.	 SUPPORT Study Group of the Eunice Kennedy Shriver NICHD 
Neonatal Research Network, Carlo WA, Finer NN, Walsh MC, 
Rich W, Gantz MG, Laptook AR, Yoder BA, Faix RG, Das A, 
et al. Target ranges of oxygen saturation in extremely preterm 
infants. N Engl J Med 2010 May 27;362(21):1959-1969.

	 8.	 BOOST II United Kingdom Collaborative Group, BOOST II  
Australia Collaborative Group, BOOST II New Zealand 
Collaborative Group, Stenson BJ, Tarnow-Mordi WO,  
Darlow BA, Simes J, Juszczak E, Askie L, Battin M, et al. 
Oxygen saturation and outcomes in preterm infants. N Engl 
J Med 2013 May 30;368(22):2094-2104.

	 9.	 Schmidt B, Whyte RK, Asztalos EV, Moddemann D, Poets C,  
Rabi Y, Solimano A, Roberts RS, Canadian Oxygen Trial 
(COT) Group. Effects of targeting higher vs lower arterial 
oxygen saturations on death or disability in extremely preterm 
infants: a randomized clinical trial. JAMA 2013 May 22;309(20): 
2111-2120.

	 10.	 Askie LM, Brocklehurst P, Darlow BA, Finer N, Schmidt B,  
Tarnow-Mordi W, NeOProM Collaborative Group. NeOProM: 
Neonatal Oxygenation Prospective. Meta-analysis Colla- 
boration study protocol. BMC Pediatr 2011 Jan 17;11:6.

	 11.	 Saugstad OD, Aune D, Aguar M, Kapadia V, Finer N, Vento M.  
Systematic review and meta-analysis of optimal initial fraction 
of oxygen levels in the delivery room at ≤ 32 weeks. Acta 
Paediatr 2014 Jul;103(7):744-751.


