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A B S T R A C T

Background

100% oxygen is the commonly recommended gas for the resuscitation of infants at birth. There is growing evidence from both animal

and human studies that room air is as effective as 100% oxygen and that 100% oxygen may have adverse effects on breathing physiology

and cerebral circulation. There is also the theoretical risk of tissue damage due to free oxygen radicals when 100% oxygen is given. The

use of room air has, therefore, been suggested as a safer and possibly more effective alternative.

Objectives

In newborn infants requiring resuscitation, does the use of room air reduce the incidence of death, neurological disability and short

term morbidity when compared with the use of 100% oxygen?

Search strategy

This included searches of the Oxford Database of Perinatal Trials, Cochrane Central Register of Controlled Trials (CENTRAL, The

Cochrane Library, Issue 1, 2004) and MEDLINE PubMed 1966 to December 2003, and handsearches of reference lists of relevant

articles and conference proceedings.

Selection criteria

All randomised and quasi-randomised studies comparing the use of room air or any other concentration of oxygen versus 100% oxygen

in the resuscitation of infants at birth.

Data collection and analysis

Three authors assessed the methodological quality of eligible trials and extracted data independently. When appropriate, meta-analysis

was conducted to provide a pooled estimate of effect. For categorical data the relative risk (RR), risk difference (RD) and number needed

to treat (NNT) with 95% confidence intervals (CI) were calculated. Continuous data were analysed using weighted mean difference

(WMD).

Main results

Five studies were identified which enrolled a total of 1302 infants. In two studies allocation was randomised and the caregivers were

blinded to intervention group. In the other three studies, allocation was quasi-randomised and the caregivers were not blinded. Pooled
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analysis of the four trials reporting effect on death showed a significant reduction in the rate of death in the group resuscitated with

room air [typical RR 0.71 (0.54, 0.94), typical RD -0.05 (-0.08, -0.01), NNT 20 (12, 100)]. There were no significant differences

between the groups with respect to rates of grade 2 or 3 hypoxic ischaemic encephalopathy. One of the four trials reported a statistically

significant difference in median 5 minute Apgar scores, favouring the group allocated to room air. However, the absolute difference

between the medians was small and there were no significant differences in the median 10 minute Apgar scores in the three trials

reporting this outcome.

One trial followed up a selected subgroup of survivors to 18-24 months. There were no significant differences in rates of adverse

neurodevelopmental outcomes including cerebral palsy and failure to achieve various milestones; however, the proportion of eligible

patients seen was less than 70%.

Analyses that were planned for this review, but not able to be carried out because of lack of published data, included a sub-analysis

stratified by gestational age and assessments of the effect on bronchopulmonary dysplasia and retinopathy of prematurity.

Authors’ conclusions

There is insufficient evidence at present on which to recommend a policy of using room air over 100% oxygen, or vice versa, for

newborn resuscitation. A reduction in mortality has been seen in infants resuscitated with room air, and no evidence of harm has been

demonstrated. However, the small number of identified studies and their methodologic limitations dictate caution in interpreting and

applying these results. We note the use of back-up 100% oxygen in more than a quarter of infants randomised to room air. Therefore,

on the basis of currently available evidence, if one chooses room air as the initial gas for resuscitation, supplementary oxygen should

continue to be made available.

P L A I N L A N G U A G E S U M M A R Y

Air versus oxygen for resuscitation of infants at birth

About 5 to 10% of infants need resuscitation at birth. Many experts recommend that these babies be resuscitated with 100% oxygen,

but other experts think that normal room air is as good as or better than 100% oxygen. Too much oxygen can make breathing difficult

for babies and can cause other problems such as problems with brain development, an eye condition (retinopathy of prematurity), and

a lung condition (bronchopulmonary dysplasia). The authors of this Cochrane review questioned whether resuscitation with room air

resulted in fewer deaths or disabilities than 100% oxygen. After searching the literature, they found five studies. There were a total of

1302 infants in these studies; 24% of them were premature. In the studies, fewer babies died when resuscitated with room air than with

100% oxygen. Many of the babies resuscitated with room air also got some oxygen as a supplement, making it difficult to compare the

two groups. There were also other problems with the way the studies were carried out. The authors of the Cochrane review concluded

that there is not enough evidence to recommend room air over 100% oxygen, or vice versa.

B A C K G R O U N D

Physiologic changes occurring at the birth of a newborn infant are

rapid and complex. Normally, this transition is smooth and no

intervention on the part of health professionals is needed. How-

ever, about 5 - 10% of newborns require some degree of resus-

citation, ranging from simple stimulation to assisted ventilation

(Saugstad 1998a). It is estimated that about 19% of the over 5

million neonatal deaths worldwide annually are caused by birth

asphyxia (WHO 1997). The aim of resuscitation is to prevent not

only neonatal death but also the adverse long term neurodevelop-

mental sequelae associated with birth asphyxia.

The optimal concentration of oxygen for neonatal resuscitation

is uncertain. Many textbooks and the advisory statement from

the International Liaison Committee on Resuscitation (ILCOR)

(Kattwinkel 1999) recommend that resuscitation of the newborn

infant should be performed with 100% oxygen. This practice has

been challenged by other experts in the field on the basis that little

scientific evidence exists to support it. Soll 1999, while recognis-

ing the importance of consensus guidelines like the ILCOR state-

ment, suggested that these were based on “precedent rather than

clinical evidence”. Milner 1998 proposed that while there is some

evidence that room air is sufficient to resuscitate asphyxiated ba-

bies, there is none to suggest that air is better than 100% oxygen.
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He suggested a compromise, whereby 30 - 40% oxygen using a

blender device should be initially used and modified according to

the baby’s oxygen saturation.

Evidence from animal studies suggests that room air is as effec-

tive as 100% oxygen in resuscitation. Rootwelt 1993 used a new-

born pig model, resuscitating asphyxiated animals with either air

or 100% oxygen. There were no significant differences between

the groups with respect to blood pressure, base deficit, plasma hy-

poxanthine (a prognostic marker after hypoxic events, Saugstad

1988) and brain morphology.

Concerns have been raised regarding potential adverse effects of the

use of excessive oxygen. Mortola 1992 showed that giving 100%

oxygen for five min to newborn infants increases their work of

breathing by about 45% compared to normoxic infants. This was

also associated with an increase of both oxygen consumption by

25% and carbon dioxide production by 17%. The exact mecha-

nism of these effects remains unclear (Mortola 1992). More impor-

tantly, high concentrations of oxygen may lead to the generation

of excess free radicals. These may overwhelm the natural defence

system and increase the risk for development of retinopathy of pre-

maturity (ROP) and bronchopulmonary dysplasia (BPD), espe-

cially in the preterm population (Frank 1985; Saugstad 1998b). It

is also known from animal and human studies that cerebral blood

flow is decreased with hyperoxia, potentially increasing the extent

of ischaemic injury (Nijima 1988, Lundstrom 1995).

Birth asphyxia and the need for neonatal resuscitation are more

common in the developing world. The difficulty of providing

100% oxygen is a limiting factor and if air were as effective it

would be the preferred gas for neonatal resuscitation.

It is vital that resuscitation of the newborn infant is performed effi-

ciently. Determining the concentration of oxygen that maximises

efficacy and safety is an important component of efforts to further

improve techniques of neonatal resuscitation.

O B J E C T I V E S

Primary objective: To determine if the use of room air reduced the

incidence of death or neurological disability when compared with

the use of 100% oxygen in newborn infants requiring resuscita-

tion.

Secondary objectives were to determine whether resuscitation us-

ing room air, as compared with oxygen, resulted in decreased

rates of hypoxic-ischaemic encephalopathy, BPD or ROP; and to

compare effects of room air vs oxygen on immediate clinical and

biochemical responses to resuscitation. Subgroup analyses were

planned on the basis of gestational age (37 or more completed

weeks, less than 37 weeks).

M E T H O D S

Criteria for considering studies for this review

Types of studies

Randomised or quasi-randomised trials

Types of participants

Term or preterm neonates requiring intermittent positive pressure

ventilation (IPPV) at birth.

Types of interventions

Room air versus 100% oxygen. We planned to also include trials

comparing intermediate levels of oxygen supplementation with

either oxygen or room air.

Types of outcome measures

Primary outcomes:

1. Death (before discharge from initial hospitalisation and before

age 5 years)

2. Long term neurodevelopmental outcome at age 5 years (rates of

cerebral palsy on physician assessment, developmental delay, i.e.

IQ < 2 standard deviation on validated assessment tools, e.g. the

Stanford-Binet Intelligence Scale or others)

Secondary outcomes:

3. Signs consistent with hypoxic ischaemic encephalopathy (HIE)

Grade I - III (Grade I: a clinical state of hyperalertness, hyper-

reflexia and hyperexcitability; Grade II: a state of lethargy with

weak Moro and sucking reflexes, seizures and hypotonia; Grade

III: a state of stupor, flaccidity and absent primitive reflexes) (

Sarnat 1976)

4. Incidence of bronchopulmonary dysplasia (BPD)

5. Incidence of retinopathy of prematurity (ROP)

6. Time to establish regular respirations

7. Time to establish heart rate > 100/min

8. Apgar scores at age five and ten minutes

9. Results of the first arterial blood gas following resuscitation

within the first 2 hours of life

In addition to the above criteria which were defined a priori in

the protocol, the following outcomes were added after the eligible

studies were examined.

10. Time to first breath of more than 3 minutes

11. Heart rate at 5 minutes

12. Developmental milestones at 18 to 24 months of age including

walking and talking

13. “Abnormal assessment” by a paediatrician at 18 to 24 months

14. Failure of resuscitation according to preset criteria in unblinded

studies or clinician decision to switch treatment in blinded studies
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Search methods for identification of studies

See: Collaborative Review Group search strategy

The standard search strategy of the Cochrane Neonatal Review

Group as outlined in The Cochrane Library was used. This

included searches of the Oxford Database of Perinatal Trials,

Cochrane Central Register of Controlled Trials (CENTRAL, The

Cochrane Library, Issue 1, 2004): infant and resuscitation, MED-

LINE; PubMed - 1966 to December 2003: Infant, Newborn (ex-

plode) [MeSH heading] and Resuscitation (explode) [MeSH head-

ing] and Oxygen (explode) [MeSH heading], previous reviews

including cross references, expert informants and journal hand

searching mainly in the English language. Unpublished studies

were sought by handsearching the conference proceedings of the

Society for Pediatric Research and the European Society for Pedi-

atric Research from 1993 to 2003.

Data collection and analysis

The standard methods of the Cochrane Collaboration and its

Neonatal Review Group were used. Three authors independently

identified the studies to be included, performed a quality assess-

ment and extracted the data. Differences were resolved after dis-

cussion between the reviewers. Reviewers based quality assessment

on 1) blinding of randomisation, 2) blinding of intervention, 3)

completeness of follow up and 4) blinding of outcome measure-

ment. The statistical analysis used the fixed effect model. For cat-

egorical data the relative risk (RR), risk difference (RD) and num-

ber needed to treat (NNT) with 95% confidence intervals were

calculated. Continuous data were analysed using weighted mean

difference (WMD). Additional data were provided by Professor

Vento for Vento 2003, including mortality in those randomised

and clarification of number of babies included in the study.

The number of babies randomised was used as the denominator

for all analyses where possible. However, for several outcomes, no-

tably long term followup and blood gas analysis in Saugstad 1998

c outcome data was available for only a proportion of babies. Sim-

ilarly, in Vento 2003 post-randomisation exclusions meant that

the denominator varies for different outcomes. For further details

see Methodological quality of included studies section 2.

R E S U L T S

Description of studies

See: Characteristics of included studies; Characteristics of excluded

studies.

For the summary of the included studies see also table of included

studies.

Our search revealed five studies, recruiting 1302 infants, which

met our inclusion criteria. Three were single centre studies (Ramji

1993; Vento 2001 a; Vento 2003) and two were multicentred

studies (Saugstad 1998 c; Ramji 2003). Ramji 1993 served as a

pilot study for the international collaborative study of Saugstad

1998 c. Each of the five trials reported a unique study population.

Study populations: Two studies (Vento 2001 a; Vento 2003) in-

cluded only term infants; the other three recruited term and

preterm infants with a birth weight over 1 kg. The proportion of

included preterm infants was small (24% of all included infants)

in Saugstad 1998 c, and was not indicated in Ramji 1993 or Ramji

2003. Definition of eligibility for inclusion was consistent across

the studies - infants were either apneic or had gasping respirations

and/or were bradycardic with a heart rate less than 80/minute.

Vento 2001 a and Vento 2003 added criteria of hypotonia and

nonresponsiveness to stimulation to the respiratory and heart rate

parameters. Vento 2003 excluded post-randomisation babies with

a pH on blood gas from the umbilical cord of greater than 7.05.

Publication of a meta-analysis by Saugstad, Ramji and Vento (

Saugstad 2004) indicates that 13 subjects reported in Ramji 2003

were also reported in Saugstad 1998 c. Saugstad 2004 also indi-

cates that 18 infants reported in Saugstad 1998 c were registered

twice in this study. The data included here are uncorrected i.e. as

published in the initial reports of these studies. The authors have

been contacted and asked to supply the outcome data on these

double-counted subjects so that we may correct the data in the

next update of this review.

Interventions: All five studies compared the use of room air to

100% oxygen for the resuscitation of the newborn. All studies

imply in their methodology that the resuscitation of the newborn

was performed by an experienced member of a resuscitation team,

each applying the unit’s treatment protocol.

All trials allowed back-up therapy according to failure of resusci-

tation criteria defined in the following section, Major outcomes.

Ramji 1993; Saugstad 1998 c and Ramji 2003 allowed infants al-

located to room air to receive back-up therapy with 100% oxygen

if they reached predetermined failure criteria. Infants allocated to

100% oxygen continued to receive this therapy even if the same

failure criteria were reached. Vento 2001 a and Vento 2003 allowed

back-up therapy with the alternate gas at the clinician’s discretion.

No failure criteria were specified in these two trials.

Major outcomes: The primary outcomes as stated by the authors

were as follows: Ramji 1993 - Apgar score and heart rate at 5

minutes, Ramji 2003 - Apgar score at 5 minutes, Saugstad 1998

c - mortality and/or moderate to severe HIE, Vento 2001 a and

Vento 2003 - do not state a specific primary outcome. All stud-

ies attempted neurological examination in the neonatal period.

Saugstad 1998 c followed up a proportion of infants at 18 to 24

months, assessing their developmental milestones and the pres-

ence or absence of cerebral palsy. Ramji 1993 and Saugstad 1998

c reported blood gas status in the first half hour of life. Saugstad

1998 c; Vento 2001 a; Vento 2003 and Ramji 2003 reported me-
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dian Apgar scores following initiation of resuscitation.

All included trials reported the outcome of failure of resuscitation,

although this outcome was reported differently in different studies.

The three unblinded studies allowed infants allocated to room air

to receive back-up therapy with 100% oxygen if they reached pre-

determined failure of resuscitation criteria i.e. remained cyanosed

or bradycardic after 90 seconds of resuscitation (Ramji 1993;

Saugstad 1998 c; Ramji 2003). Saugstad 1998 c and Ramji 2003

also determined the number of infants in the 100% oxygen group

who reached the same failure criteria. In these 3 trials, all outcomes

were reported based on initial group of allocation. The criteria for

failure of resuscitation were not specified in the blinded studies of

Vento 2001 a and Vento 2003. It appears that the decision to use

back-up therapy with the alternative gas was based on an unsatis-

factory early clinical response to resuscitation and was made at the

clinician’s discretion. Vento 2001 a reported that no infant in ei-

ther group required back-up therapy. Additional data provided by

the author allowed us to determine rates of failure of resuscitation

in Vento 2003 for all randomised infants. However, Vento 2003

excluded infants who reached failure criteria from further analysis

and other outcome data are not available for these infants.

Risk of bias in included studies

The methodological quality of each trial was assessed using the

criteria of the Neonatal Review Group. For each trial the following

were assessed: concealment of allocation schedule, inclusion in the

analysis of all randomised participants and blinding of interven-

tion and outcome measurement.

1. Concealment of allocation schedule and generation of allocation

sequence

This was inadequate in three studies (Ramji 1993; Saugstad 1998

c; Ramji 2003), which allocated babies born on even dates to room

air and those born on odd dates to 100% oxygen. The authors

were concerned that randomisation after birth may have delayed

treatment and thus reduced numbers of enrolled infants. Saugstad

1998b reported that 16 infants mistakenly received the alternative

treatment (10 born on even days were given oxygen and 6 born

on odd days, air). Outcomes for these individuals are reported

according to the treatment they received rather than according to

the group to which they were allocated in both the original article

and this review. We will contact the authors to obtain data based

on group of allocation for future updates of this review. Vento

2001 a described an adequate generation of allocation sequence

by using random number assignment, and the implementation

of the allocated treatment was by a nurse not involved in the

resuscitation. Computer generated random numbers and sealed

envelopes were used by Vento 2003.

2. Inclusion in the analysis of all randomised participants

Short term outcomes: Four studies provided in-hospital outcome

data for greater than 90% of randomised patients (Ramji 1993;

Ramji 2003; Saugstad 1998 c; Vento 2001 a). Vento 2003 ex-

cluded 45 of 151 (30%) of randomised patients for the following

reasons: not fulfilling the biochemical entry requirements, hav-

ing insufficient blood taken for analysis, switching to the alterna-

tive treatment arm and loss of blinding. Data for the outcomes

“death” and “failure of resuscitation” were provided by the author

for all randomised infants. Other outcomes are reported with the

denominator of the remaining 106 infants. The validity of these

outcome data is reduced by the high rate of post-randomisation

exclusions.

Three studies (Ramji 1993; Saugstad 1998 c; Ramji 2003) in-

cluded infants resuscitated in air, who were later switched to 100%

oxygen; these infants were analysed by intention to treat. Vento

2001 a reported that all infants received only the allocated treat-

ment.

Long term outcomes: Saugstad 1998 c attempted follow-up of in-

fants in 7 of the 10 participating centres. Of the 331 eligible in-

fants, 213 were seen by a paediatrician between 18 and 24 months

of age.

3. Blinding of intervention

Two studies (Vento 2001 a and Vento 2003) achieved blinding

of the intervention by having the nurse in charge, who was not

involved with the resuscitation, switch the hidden oxygen blender

to either 21% or 100% oxygen. The other three studies (Ramji

1993; Ramji 2003; Saugstad 1998 c) were unblinded. The decision

to use back-up therapy was made blind to allocated treatment in

Vento 2001 a and Vento 2003 but was not blinded in Ramji 1993;

Ramji 2003 and Saugstad 1998 c.

4. Blinding of outcome measurement

No attempt was made to blind outcome assessment in Ramji 1993;

Saugstad 1998 c or Ramji 2003. Adequate blinding was achieved

by Vento 2001 a and Vento 2003.

Effects of interventions

Five studies were identified which fulfilled our entry criteria. They

included a total of 1302 neonates, who were mainly term in-

fants. There was no disagreement regarding inclusion/exclusion of

studies, quality assessment or data extraction. Available data were

pooled and analysed as listed below. A planned subgroup analysis

based on gestational age was not possible, as the results of individ-

ual studies were not presented stratified for gestational age.

1. Death at latest followup (Table 01)

Four studies reported this outcome (Ramji 1993; Ramji 2003;

Saugstad 1998 c and Vento 2003). The results of the pooled anal-

ysis were heavily influenced by Saugstad 1998 c and Ramji 2003,

which had by far the largest number of recruited neonates. No

individual study found a significant effect. Pooled analysis showed

a significant reduction in mortality in the group allocated to room

air [typical RR 0.71 (0.54, 0.94), typical RD -0.05 (-0.08, -0.01),

NNT 20 (12, 100)].
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2. Long term neurodevelopmental outcome at age 5 years

No studies reported this outcome using validated assessment tools

as specified in the protocol. The following outcomes are presented

as post hoc findings after review of included studies (Table 02).

Saugstad 1998 c followed up a proportion of eligible infants to 18

to 24 months. There was no significant difference in the rates of

cerebral palsy between groups [RR 1.34 (0.55, 3.24)]. No formal

psychometric testing was undertaken; however, an assessment of

achievement of motor and language milestones was presented and

is included in this review as a post hoc analysis. There were no

significant differences in rates of not walking [RR 1.03 (0.47,

2.25)] or not talking [RR 2.68 (0.69, 10.44)]. Likewise, there was

no significant difference in rates of “abnormal development” as

assigned by the examining pediatrician [RR 1.56 (0.76, 3.22)].

3. Hypoxic ischaemic encephalopathy Grade II or III (Sarnat

1976) (Table 03)

Three trials reported this outcome (Ramji 1993; Ramji 2003 and

Saugstad 1998 c). No individual study found a significant effect

and the pooled analysis showed no significant difference in the rate

of Grade II or III encephalopathy [typical RR 0.84 (0.65, 1.08),

typical RD -0.01 (-0.06, 0.04)].

Three studies presented neurological outcomes in the neonatal

period (Ramji 1993; Vento 2001 a and Vento 2003). These are

presented as post hoc findings as we did not include this outcome

in our protocol. A full neurological examination at 28 days was

reported as normal in the 72 of 77 surviving infants assessed by

Ramji 1993. Vento 2001 a reported “no differences” between the

groups in clinical, EEG or cranial ultrasound outcomes at 28 days

but did not report the details of data collected. Vento 2003 re-

ported no abnormalities on cranial ultrasound or EEG assessment

in either group and no difference in the rate of abnormal neuro-

logical findings on structured examination.

4. Incidence of bronchopulmonary dysplasia (BPD)

None of the studies reported this outcome.

5. Incidence of retinopathy of prematurity (ROP)

None of the studies reported this outcome.

6. Time to establish regular respirations

Vento 2001 a reported that the time needed for the onset of “sus-

tained respiratory pattern” was longer in the oxygen group com-

pared with the room air group (p<0.05). The comparison was il-

lustrated in graphical form but numerical data were not provided.

Vento 2003 found a significantly shorter time to onset of sponta-

neous respiration in infants resuscitated with room air [MD -1.5

minutes (-2.02, -0.98)] (Table 04).

The included studies reported a number of related outcomes not

listed in the protocol for this review. They are, therefore, presented

as post hoc findings. Saugstad 1998 c reported the proportion of

neonates who had their first breath after three minutes (Table 05).

This was significantly reduced in the room air group compared to

the oxygen group, RR 0.53 (0.35, 0.80)]. Ramji 1993 reported that

the median time of first breath and interquartile range was identical

for both groups of infants [1.5 minutes (1.0, 2.0)]. Saugstad 1998

c reported a significantly shorter median (95% CI) time to first

breath in the room air group [1.1 minutes (1.0, 1.2)] compared

with those resuscitated with 100% oxygen [1.5 minutes (1.4, 1.6)].

7. Time to establish heart rate > 100/min

This outcome was not reported by any of the studies. Saugstad

1998 c reported no significant difference in heart rates over the

first 30 minutes using repeated measures ANOVA. Ramji 2003

found no significant difference in mean heart rate at 5 minutes of

age [MD 0.40 (-2.65, 3.45)] (Table 06).

8. Apgar scores at age five and ten minutes

All five studies reported median Apgar scores. Pooled analysis of

this outcome was therefore not possible. Ramji 1993 reported

a small difference in median (interquartile range) 5 minute Ap-

gar scores that was statistically significant, favouring the room air

group [8 (7, 9) vs 7 (6, 8)]. Saugstad 1998 c reported a nonsignif-

icant trend favouring room air for median (95% CI) 5 minute

Apgar scores [8 (4, 9) vs 7 (3, 9)] which disappeared at 10 minutes

[8 (5, 10) vs 8 (3.5, 9)]. Vento 2001 a; Vento 2003 and Ramji

2003 found no significant difference in median 5 and 10 minute

Apgar scores.

In a related outcome not listed in the protocol, Saugstad 1998 c

reported the proportion of infants with 5 minute Apgar scores less

than 7 (Table 7). The result, of borderline statistical significance,

favoured the room air group [RR 0.78 (0.60, 1.00), RD -0.07 (-

0.14, 0.00)].

9. Results of the first arterial blood gas within the first 2 hours of

life (Table 08)

One study (Vento 2001 a) performed only an arterial cord blood

gas analysis, but no blood gas analysis following resuscitation. The

data from this study were therefore not included in our analysis.

Three studies (Ramji 1993; Saugstad 1998 c; Vento 2003) reported

arterial blood gases at 10 to 15 minutes of life.

No individual study found a significant difference in pH and the

pooled analysis also showed no significant difference [WMD 0.01

(-0.01, 0.04)].

Vento 2003 found a significantly lower level of pCO2 in babies

randomised to room air [MD -2.13 mmHg, (-4.08, -0.18)]. The

pooled analysis showed a small but significant reduction in pCO2

in babies allocated to room air [WMD -2.13 mmHg (-4.08, -

0.18)].

Vento 2003 reported a significantly lower pO2 in babies re-

suscitated with room air [MD -54.10 mmHg (-60.16, -48.04)]

and the pooled analysis also demonstrated a lower pO2 in this

group [WMD -37.09 mmHg (-41.99, -32.19)]. We detected but

could not explain significant heterogeneity in this pooled analysis

(p<0.001).

Ramji 1993 and Saugstad 1998 c reported base deficit. There

were no statistically significant differences for this outcome in the

individual trials or the pooled analysis [WMD -0.11 mEq/L (-

1.24, 1.02)].
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10. Failure of resuscitation (Table 09)

This outcome was included after the results of the included studies

were examined, i.e. it represents a post hoc analysis. All five studies

reported the rate of failure of resuscitation in babies allocated to

room air. Ramji 1993 reported that 6 of 42 infants allocated to

room air reached failure criteria but did not report this outcome

for babies allocated to 100% oxygen. None of the other four trials

(Ramji 2003; Saugstad 1998 c; Vento 2001 a; Vento 2003) indi-

vidually showed a difference in this outcome, and pooled analy-

sis showed that there was no significant difference in the rates of

failure of resuscitation between the two groups [typical RR 0.96

(0.81, 1.14), typical RD -0.01 (-0.06, 0.04)].

D I S C U S S I O N

Whether to use air or 100% oxygen for resuscitation of newborn

infants at birth is a very important clinical question. We were

disappointed that only five controlled studies enrolling a total of

1302 infants could be identified. There are a number of possible

reasons for the lack of studies. Firstly, the use of 100% oxygen has

been an established treatment for many decades, recommended

by experts and used by generations of clinicians. It is therefore

difficult to test its effectiveness and safety. Secondly, it is difficult

to implement a randomised controlled study within the setting of

an acute and unpredictable event, such as the resuscitation of a

compromised newborn.

Though two studies included preterm neonates with birth weight

of over 1 kg, the total number remained small and no separate

analysis was reported. We were therefore not able to perform a sub-

group analysis of effects on outcomes in the preterm population

as we intended in our protocol.

Caution should be exercised in the application of the results of

this meta-analysis for two reasons. Firstly, the majority of infants

from the three biggest studies (Ramji 1993; Saugstad 1998 c;

Ramji 2003) were recruited in developing countries, where ante-

and perinatal care, resuscitation equipment and perinatal mor-

tality rates differ from those in developed countries. Therefore it

is uncertain whether the results of these studies can be applied

to hospitals in countries with more resources. Secondly, there are

methodological problems which may affect the validity of the re-

sults. Randomisation and blinding were inadequate in three stud-

ies (Ramji 1993; Saugstad 1998 c; Ramji 2003). Furthermore, the

short follow up time of 28 days in most studies and the limitations

of the one study (Saugstad 1998 c) that did attempt long term

follow-up (high drop out rate, lack of blinding of assessors, no

standardised psychometric testing) leave unanswered the impor-

tant question of which treatment is more effective in minimising

neurodevelopmental impairment.

The reported death rates in included studies showed a significant

difference favouring the room air group. This was heavily influ-

enced by the multicenter trials of Saugstad 1998 c and Ramji 2003,

which enrolled a total of 1040 infants. There were no deaths in

either arm of the trial in the three European centres participating

in Saugstad 1998 c. Long term followup (Saugstad 1998 c), with

the limitations outlined above, showed no significant difference

in rates of adverse neurodevelopmental outcomes.

The use of back-up oxygen in babies allocated to room air has

important implications for the applicability of the results of this

systematic review. Although the number of babies reaching failure

of resuscitation criteria did not differ between the groups, 168 of

635 (26.5%) allocated to room air in the five trials received back-

up use of 100% oxygen.

Results favouring the room air group for some short term outcomes

(proportions not crying by three minutes and proportions having

five minute Apgar scores less than seven) are notable and should

stimulate further evaluation of this policy. The clinical importance

of a higher arterial pO2 in the 100% oxygen group is uncertain.

The other outcomes, such as symptoms suggestive of HIE or the

other arterial blood gas parameters, were not significantly different.

A systematic review and meta-analysis has been undertaken by

Saugstad, Ramji and Vento (Saugstad 2004). Their overall find-

ings, with respect to neonatal mortality, were similar to ours.

However, differences in numbers of included subjects are noted.

Saugstad 2004 was able to take into account the double count-

ing issues apparent in Saugstad 1998 c and Ramji 2003. Saugstad

2004 was also able to include the subset of randomised subjects re-

ported in Vento 2001 b, which resulted in a larger total number of

patients included (1737 vs 1302 in our review). Saugstad 2004 did

not report separately one of the studies we included (Vento 2001

a). Interestingly, Vento 2001 b reported a much greater treatment

effect favouring air than other included studies. Odds ratios were

used by Saugstad 2004; for mortality Vento 2001 b reported an

OR of 0.11 (0.01, 0.90) compared to an pooled OR of 0.57 (0.42,

0.78) in this review. Although no formal measure of heterogeneity

was reported in Saugstad 2004, it is likely that inclusion of this

study would lead to substantial heterogeneity for the pooled out-

come of mortality. This is in contrast to the consistency observed

in the studies included in our review.

The trials of Saugstad 1998 c and Ramji 2003 demonstrate that

relatively large trials are possible, and Vento (Vento 2001 a; Vento

2003) has shown that randomisation of participants and blinding

of caregivers can be achieved. The methodological limitations of

the studies included in this review preclude a definitive answer to

the question of whether room air or 100% oxygen is the superior

gas in the resuscitation of the newborn at birth. However, note

must be taken of the reduced mortality in room air group in the

pooled analysis.

A U T H O R S ’ C O N C L U S I O N S
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Implications for practice

There is insufficient evidence at present on which to recommend

a policy of using room air over 100% oxygen, or vice versa, for

newborn resuscitation. A reduction in mortality has been seen

in infants resuscitated with room air, and no evidence of harm

has been demonstrated. However, the small number of identified

studies and their methodologic limitations dictate caution in in-

terpreting and applying these results. We note the use of back-up

100% oxygen in more than a quarter of infants randomised to

room air. Therefore, on the basis of currently available evidence,

if one chooses room air as the initial gas for resuscitation, supple-

mentary oxygen should continue to be made available.

Implications for research

Further randomised controlled trials assessing mortality and long

term neurodevelopmental outcome, in both developing and de-

veloped countries, are required. These should include and strat-

ify for term and preterm infants, and report effects on death and

long term neurodevelopment in both strata, and BPD and ROP

in preterm neonates.
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C H A R A C T E R I S T I C S O F S T U D I E S

Characteristics of included studies [ordered by study ID]

Ramji 1993

Methods Concealment of allocation: No - quasi-randomised by date of birth (even dates=room air, odd dates=100%

oxygen)

Blinding of intervention: No

Completeness of followup: Yes for short-term outcomes -

100% followup for in-hospital outcomes but No for outcomes at 28 days (86%) Blinding of outcome

measurement: No

Participants Single centre study.

84 neonates with apnoea and/or heart rate < 80 bpm and a birth weight > 999 g.

Interventions Room air (n=42) or 100% oxygen (n=42) via intermittent positive pressure ventilation (IPPV) with ambu

bag and mask at 60 bpm. Backup use of 100% O2 allowed for room air group, if baby remained cyanotic

or bradycardic at 90 sec (all infants analysed on an intention to treat basis).

Outcomes Death.

Arterial blood gas status at 10 and 30 minutes of life.

Neurological examination at 0-3, 4-7 and 28 days of life.

Notes This study was designed in Oslo, Norway and performed in New Delhi, India. It served as a pilot study

for a bigger study (Saugstad 1998).

Risk of bias

Item Authors’ judgement Description

Allocation concealment? No C - Inadequate

Ramji 2003

Methods Concealment of allocation: No - quasi-randomised by date of birth (even dates=room air, odd dates=100%

oxygen)

Blinding of intervention: No

Completeness of followup: Yes.

Blinding of outcome measurement: No

Participants Multicentred (4 Indian units) study. 431* neonates weighing more than 1000g having a heart rate

<100/minute and/or apneic and unresponsive to stimulation. Excluded lethal anomalies, hydrops fetalis,

congenital pulmonary or cardiac defects.
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Ramji 2003 (Continued)

Interventions Room air (n=210) or 100% oxygen (n=221) via intermittent positive pressure ventilation (IPPV) with

infant resuscitation bag and mask at 60 bpm. Backup use of 100% O2 allowed for room air group, if baby

remained cyanotic or bradycardic at 90 sec (all infants analysed on an intention to treat basis).

Outcomes Death in first 7 days.

Apgar scores at 1, 5 and 10 minutes, time to first breath and to first cry, duration of resuscitation, hypoxic

ischemic encephalopathy (Sarnat classification) in first week.

Notes

Risk of bias

Item Authors’ judgement Description

Allocation concealment? No C - Inadequate

Saugstad 1998 c

Methods Concealment of allocation: No - quasi-randomised by date of birth (even=room air, odd=100% oxygen),

Blinding of intervention: No, Complete follow-up: Yes (91%) for short term outcomes, No for long term

(<70% of eligible infants from the 7 of 10 participating centres had 18 month follow-up).

Blinding of outcome assessment: No

Participants Multicentred (11 units) study.

609** neonates with apnoea or gasping and/or heart rate < 80 bpm and a birth weight > 999 g.

Interventions Room air (n=288) or 100% oxygen (n=321) via IPPV with ambu bag and mask at 40 - 60 bpm. Endo-

tracheal intubation, if necessary. Backup use of 100% O2 allowed for room air group, if baby remained

cyanotic or bradycardic at 90 sec (all infants analysed on an intention to treat basis).

Outcomes Primary: Death within 1 week and by 28 days and/or presence of HIE grade 2 - 3.

Secondary: Apgar score at 5 min, heart rate at 90 s, time to first cry, arterial blood gases and neurological

examination at 28 days of life.

Long term follow-up performed by experienced paediatricians at 18 to 24 months. Motor and language

milestones and the presence/absence of cerebral palsy were assessed. An overall judgement of whether

“abnormal development” was present was made but the criteria for this diagnosis were not specified.

Notes This study was conducted in 11 centers from six countries.

Risk of bias

Item Authors’ judgement Description
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Saugstad 1998 c (Continued)

Allocation concealment? No C - Inadequate

Vento 2001 a

Methods Concealment of allocation: Yes - nurse not involved in the resuscitation switched between 21% and 100%

oxygen on the basis of random number. Blinding of intervention: Yes Complete followup: Yes for in-

hospital outcomes but uncertain for 28 day outcomes.

Blinding of outcome assessment: Yes.

Participants Single centre study.

40 term neonates with clinical and blood gas changes consistent with asphyxia: apneic, hypotonic, unre-

sponsive to stimuli and bradycardic (heart rate < 80/min).

Interventions Room air (n=19) or 100% oxygen (n=21) via IPPV with bag and mask at 30 bpm. The other set parameters

were a maximal gas flow of 6 L/min and a maximum inspiratory pressure of 40 mbar. Backup use of 100%

O2 allowed for room air group and vice versa, at the clinician’s discretion.

Outcomes Apgar scores at 1, 5, and 10 minutes.

Time of first cry and time of onset of regular respirations.

Neurological examination, cranial ultrasound and electroencephalogram at 28 days of life.

Notes No babies in either group received backup therapy.

Risk of bias

Item Authors’ judgement Description

Allocation concealment? Yes A - Adequate

Vento 2003

Methods Concealment of allocation: Yes - sealed opaque envelope.

Blinding of intervention: Yes - nurse not involved in the resuscitation switched between 21% and 100%

oxygen for resuscitation.

Complete follow-up: No - 45 of 151 randomised excluded after randomisation.

Outcome assessment blind: Yes.

Participants Single centre study. 151 term infants were randomised. Published outcome data were available for 106

neonates with clinical and blood gas signs of asphyxia which included - hypotonic, apneic, unresponsive

to external stimuli, pale, bradycardic (heart rate < 80/min) and pH less than or equal to 7.05.
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Vento 2003 (Continued)

Interventions Room air (n=51) or 100% oxygen (n=55) via IPPV with bag and mask. Otherwise “standard” warming

suctioning and endotracheal intubation at clinical team’s discretion. Backup use of 100% O2 allowed for

room air group and vice versa at the clinician’s discretion.

Outcomes Apgar scores at 1, 5, and 10 minutes. Time of first cry and time of onset of regular respirations.

Arterial blood gases at time of first spontaneous breath and when “clinically stable”.

Structured neurological exam, EEG and cranial ultrasound at 1 week and 1 month of age.

Notes Data on death and failure of resuscitation provided by Prof Vento for all babies randomised.

Risk of bias

Item Authors’ judgement Description

Allocation concealment? Yes A - Adequate

* 13 subjects reported in Ramji 2003 had previously been reported in Saugstad 1998. Data reported here as those included in the

published reports. The authors have been contacted in order to correct this double counting.

** A minor numerical error in the initial report of the Resair study concerning the numbers who entered this trial was corrected in the

follow-up paper. Data for this trial are presented as published in the primary report. Further clarification of outcome data has been

requested from the author for inclusion in a future update of this review.

Characteristics of excluded studies [ordered by study ID]

Vento 2001 b This study presented a single centre’s experience over 6 years using air for newborn resuscitation. Included in the 830

infants reported in this article were an unspecified number randomised to either air or 100% oxygen. Outcomes of

randomised infants are not reported separately in this paper. and it was therefore excluded from this review.
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D A T A A N D A N A L Y S E S

Comparison 1. Room air versus 100% oxygen

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Death at latest follow up 4 1275 Risk Ratio (M-H, Fixed, 95% CI) 0.71 [0.54, 0.94]

2 Long term neurodevelopmental

outcome

1 Risk Ratio (M-H, Fixed, 95% CI) Subtotals only

2.1 Cerebral palsy in those

followed up at 18-24 months

1 213 Risk Ratio (M-H, Fixed, 95% CI) 1.34 [0.55, 3.24]

2.2 Not walking in those

followed up at 18-24 months

1 213 Risk Ratio (M-H, Fixed, 95% CI) 1.03 [0.47, 2.25]

2.3 No words in those

followed up at 18-24 months

1 213 Risk Ratio (M-H, Fixed, 95% CI) 2.68 [0.69, 10.44]

2.4 “Abnormal development”

in those followed up at 18-24

months

1 213 Risk Ratio (M-H, Fixed, 95% CI) 1.56 [0.76, 3.22]

3 Hypoxic ischemic

encephalopathy Grade 2 or 3

3 1124 Risk Ratio (M-H, Fixed, 95% CI) 0.84 [0.65, 1.08]

4 Onset of spontaneous respiration

(min)

1 106 Mean Difference (IV, Fixed, 95% CI) -1.5 [-2.02, -0.98]

5 Time to first breath more than 3

minutes

1 605 Risk Ratio (M-H, Fixed, 95% CI) 0.53 [0.35, 0.80]

6 Heart rate at 5 minutes 1 431 Mean Difference (IV, Fixed, 95% CI) 0.40 [-2.65, 3.45]

7 5 minute Apgar score < 7 1 609 Risk Ratio (M-H, Fixed, 95% CI) 0.78 [0.60, 1.00]

8 First arterial blood gas after

resuscitation within 2 h of life

3 Mean Difference (IV, Fixed, 95% CI) Subtotals only

8.1 pH 3 459 Mean Difference (IV, Fixed, 95% CI) 0.01 [-0.01, 0.04]

8.2 pCO2 (mm Hg) 3 339 Mean Difference (IV, Fixed, 95% CI) -2.13 [-4.08, -0.18]

8.3 pO2 (mm Hg) 3 377 Mean Difference (IV, Fixed, 95% CI) -37.09 [-41.99, -

32.19]

8.4 Base deficit 2 350 Mean Difference (IV, Fixed, 95% CI) -0.11 [-1.24, 1.02]

9 Failure of resuscitation 4 1231 Risk Ratio (M-H, Fixed, 95% CI) 0.96 [0.81, 1.14]
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Analysis 1.1. Comparison 1 Room air versus 100% oxygen, Outcome 1 Death at latest follow up.

Review: Air versus oxygen for resuscitation of infants at birth

Comparison: 1 Room air versus 100% oxygen

Outcome: 1 Death at latest follow up

Study or subgroup Room air 100% oxygen Risk Ratio Weight Risk Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

Ramji 1993 3/42 4/42 3.9 % 0.75 [ 0.18, 3.15 ]

Ramji 2003 26/210 40/221 38.0 % 0.68 [ 0.43, 1.08 ]

Saugstad 1998 c 40/288 61/321 56.2 % 0.73 [ 0.51, 1.05 ]

Vento 2003 1/76 2/75 2.0 % 0.49 [ 0.05, 5.33 ]

Total (95% CI) 616 659 100.0 % 0.71 [ 0.54, 0.94 ]

Total events: 70 (Room air), 107 (100% oxygen)

Heterogeneity: Chi2 = 0.15, df = 3 (P = 0.99); I2 =0.0%

Test for overall effect: Z = 2.42 (P = 0.015)

0.1 0.2 0.5 1 2 5 10

Favours room air Favours 100% oxygen

15Air versus oxygen for resuscitation of infants at birth (Review)

Copyright © 2009 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Analysis 1.2. Comparison 1 Room air versus 100% oxygen, Outcome 2 Long term neurodevelopmental

outcome.

Review: Air versus oxygen for resuscitation of infants at birth

Comparison: 1 Room air versus 100% oxygen

Outcome: 2 Long term neurodevelopmental outcome

Study or subgroup Room air 100% oxygen Risk Ratio Weight Risk Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

1 Cerebral palsy in those followed up at 18-24 months

Saugstad 1998 c 9/91 9/122 100.0 % 1.34 [ 0.55, 3.24 ]

Subtotal (95% CI) 91 122 100.0 % 1.34 [ 0.55, 3.24 ]

Total events: 9 (Room air), 9 (100% oxygen)

Heterogeneity: not applicable

Test for overall effect: Z = 0.65 (P = 0.52)

2 Not walking in those followed up at 18-24 months

Saugstad 1998 c 10/91 13/122 100.0 % 1.03 [ 0.47, 2.25 ]

Subtotal (95% CI) 91 122 100.0 % 1.03 [ 0.47, 2.25 ]

Total events: 10 (Room air), 13 (100% oxygen)

Heterogeneity: not applicable

Test for overall effect: Z = 0.08 (P = 0.94)

3 No words in those followed up at 18-24 months

Saugstad 1998 c 6/91 3/122 100.0 % 2.68 [ 0.69, 10.44 ]

Subtotal (95% CI) 91 122 100.0 % 2.68 [ 0.69, 10.44 ]

Total events: 6 (Room air), 3 (100% oxygen)

Heterogeneity: not applicable

Test for overall effect: Z = 1.42 (P = 0.15)

4 ”Abnormal development” in those followed up at 18-24 months

Saugstad 1998 c 14/91 12/122 100.0 % 1.56 [ 0.76, 3.22 ]

Subtotal (95% CI) 91 122 100.0 % 1.56 [ 0.76, 3.22 ]

Total events: 14 (Room air), 12 (100% oxygen)

Heterogeneity: not applicable

Test for overall effect: Z = 1.21 (P = 0.22)
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Analysis 1.3. Comparison 1 Room air versus 100% oxygen, Outcome 3 Hypoxic ischemic encephalopathy

Grade 2 or 3.

Review: Air versus oxygen for resuscitation of infants at birth

Comparison: 1 Room air versus 100% oxygen

Outcome: 3 Hypoxic ischemic encephalopathy Grade 2 or 3

Study or subgroup Room air 100% oxygen Risk Ratio Weight Risk Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

Ramji 1993 4/42 2/42 1.9 % 2.00 [ 0.39, 10.34 ]

Ramji 2003 36/210 55/221 49.8 % 0.69 [ 0.47, 1.00 ]

Saugstad 1998 c 47/288 55/321 48.3 % 0.95 [ 0.67, 1.36 ]

Total (95% CI) 540 584 100.0 % 0.84 [ 0.65, 1.08 ]

Total events: 87 (Room air), 112 (100% oxygen)

Heterogeneity: Chi2 = 2.63, df = 2 (P = 0.27); I2 =24%

Test for overall effect: Z = 1.34 (P = 0.18)
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Analysis 1.4. Comparison 1 Room air versus 100% oxygen, Outcome 4 Onset of spontaneous respiration

(min).

Review: Air versus oxygen for resuscitation of infants at birth

Comparison: 1 Room air versus 100% oxygen

Outcome: 4 Onset of spontaneous respiration (min)

Study or subgroup Room air 100% oxygen Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

Vento 2003 51 5.3 (1.5) 55 6.8 (1.2) 100.0 % -1.50 [ -2.02, -0.98 ]

Total (95% CI) 51 55 100.0 % -1.50 [ -2.02, -0.98 ]

Heterogeneity: not applicable

Test for overall effect: Z = 5.66 (P < 0.00001)
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Analysis 1.5. Comparison 1 Room air versus 100% oxygen, Outcome 5 Time to first breath more than 3

minutes.

Review: Air versus oxygen for resuscitation of infants at birth

Comparison: 1 Room air versus 100% oxygen

Outcome: 5 Time to first breath more than 3 minutes

Study or subgroup Room air 100% oxygen Risk Ratio Weight Risk Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

Saugstad 1998 c 28/284 60/321 100.0 % 0.53 [ 0.35, 0.80 ]

Total (95% CI) 284 321 100.0 % 0.53 [ 0.35, 0.80 ]

Total events: 28 (Room air), 60 (100% oxygen)

Heterogeneity: not applicable

Test for overall effect: Z = 2.99 (P = 0.0028)
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Analysis 1.6. Comparison 1 Room air versus 100% oxygen, Outcome 6 Heart rate at 5 minutes.

Review: Air versus oxygen for resuscitation of infants at birth

Comparison: 1 Room air versus 100% oxygen

Outcome: 6 Heart rate at 5 minutes

Study or subgroup Room air 100% oxygen Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

Ramji 2003 210 131.5 (17.7) 221 131.1 (14.3) 100.0 % 0.40 [ -2.65, 3.45 ]

Total (95% CI) 210 221 100.0 % 0.40 [ -2.65, 3.45 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.26 (P = 0.80)
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Analysis 1.7. Comparison 1 Room air versus 100% oxygen, Outcome 7 5 minute Apgar score < 7.

Review: Air versus oxygen for resuscitation of infants at birth

Comparison: 1 Room air versus 100% oxygen

Outcome: 7 5 minute Apgar score < 7

Study or subgroup Room air 100% oxygen Risk Ratio Weight Risk Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

Saugstad 1998 c 71/288 102/321 100.0 % 0.78 [ 0.60, 1.00 ]

Total (95% CI) 288 321 100.0 % 0.78 [ 0.60, 1.00 ]

Total events: 71 (Room air), 102 (100% oxygen)

Heterogeneity: not applicable

Test for overall effect: Z = 1.93 (P = 0.054)
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Analysis 1.8. Comparison 1 Room air versus 100% oxygen, Outcome 8 First arterial blood gas after

resuscitation within 2 h of life.

Review: Air versus oxygen for resuscitation of infants at birth

Comparison: 1 Room air versus 100% oxygen

Outcome: 8 First arterial blood gas after resuscitation within 2 h of life

Study or subgroup Room Air 100% oxygen Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

1 pH

Ramji 1993 42 7.16 (0.12) 42 7.17 (0.16) 18.3 % -0.01 [ -0.07, 0.05 ]

Saugstad 1998 c 134 7.17 (0.11) 135 7.15 (0.13) 80.9 % 0.02 [ -0.01, 0.05 ]

Vento 2003 51 7.24 (0.9) 55 7.27 (0.5) 0.9 % -0.03 [ -0.31, 0.25 ]

Subtotal (95% CI) 227 232 100.0 % 0.01 [ -0.01, 0.04 ]

Heterogeneity: Chi2 = 0.87, df = 2 (P = 0.65); I2 =0.0%

Test for overall effect: Z = 1.07 (P = 0.29)

2 pCO2 (mm Hg)

Ramji 1993 42 36 (15.8) 42 37.6 (12.8) 10.1 % -1.60 [ -7.75, 4.55 ]

Saugstad 1998 c 69 39 (14) 80 38 (13) 20.0 % 1.00 [ -3.36, 5.36 ]

Vento 2003 51 46.4 (6.8) 55 49.5 (5.3) 69.9 % -3.10 [ -5.43, -0.77 ]

Subtotal (95% CI) 162 177 100.0 % -2.13 [ -4.08, -0.18 ]
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(. . . Continued)
Study or subgroup Room Air 100% oxygen Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

Heterogeneity: Chi2 = 2.67, df = 2 (P = 0.26); I2 =25%

Test for overall effect: Z = 2.14 (P = 0.033)

3 pO2 (mm Hg)

Ramji 1993 42 75.8 (27.8) 42 75.8 (24.8) 18.9 % 0.0 [ -11.27, 11.27 ]

Saugstad 1998 c 107 76 (32) 80 87 (49) 15.8 % -11.00 [ -23.33, 1.33 ]

Vento 2003 51 72.2 (6.8) 55 126.3 (21.8) 65.4 % -54.10 [ -60.16, -48.04 ]

Subtotal (95% CI) 200 177 100.0 % -37.09 [ -41.99, -32.19 ]

Heterogeneity: Chi2 = 89.13, df = 2 (P<0.00001); I2 =98%

Test for overall effect: Z = 14.85 (P < 0.00001)

4 Base deficit

Ramji 1993 42 15.2 (5.7) 42 13.6 (6.6) 18.4 % 1.60 [ -1.04, 4.24 ]

Saugstad 1998 c 132 14 (5) 134 14.5 (5.4) 81.6 % -0.50 [ -1.75, 0.75 ]

Subtotal (95% CI) 174 176 100.0 % -0.11 [ -1.24, 1.02 ]

Heterogeneity: Chi2 = 1.99, df = 1 (P = 0.16); I2 =50%

Test for overall effect: Z = 0.20 (P = 0.84)

Test for subgroup differences: Chi2 = 225.32, df = 3 (P = 0.00), I2 =99%
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Analysis 1.9. Comparison 1 Room air versus 100% oxygen, Outcome 9 Failure of resuscitation.

Review: Air versus oxygen for resuscitation of infants at birth

Comparison: 1 Room air versus 100% oxygen

Outcome: 9 Failure of resuscitation

Study or subgroup Room air 100% oxygen Risk Ratio Risk Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

Ramji 2003 82/210 89/221 0.97 [ 0.77, 1.22 ]

Saugstad 1998 c 73/288 88/321 0.92 [ 0.71, 1.21 ]

Vento 2001 a 0/19 0/21 0.0 [ 0.0, 0.0 ]

Vento 2003 7/76 5/75 1.38 [ 0.46, 4.16 ]

Total (95% CI) 593 638 0.96 [ 0.81, 1.14 ]

Total events: 162 (Room air), 182 (100% oxygen)

Heterogeneity: Chi2 = 0.50, df = 2 (P = 0.78); I2 =0.0%

Test for overall effect: Z = 0.46 (P = 0.65)
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