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ABSTRACT

Background

While the use of supplemental oxygen has a long history in neonatal care, resulting in both significant health care benefits and harms,
uncertainty remains as to the most appropriate range to target blood oxygen levels in preterm and low birth weight infants. Potential
benefits of higher oxygen targeting may include more stable sleep patterns and improved long-term growth and development. However,
there may be significant deleterious pulmonary effects and health service use implications resulting from such a policy.

Objectives

To determine whether targeting ambient oxygen concentration to achieve a lower vs. higher blood oxygen range, or administering
restricted vs. liberal supplemental oxygen, effects mortality, retinopathy of prematurity, lung function, growth or development in preterm
or low birth weight infants.

Search methods

The standard search strategy of the Neonatal Review Group was used. An additional literature search was conducted of the MEDLINE and
CINAHL databases in order to locate any trials in addition to those provided by the Cochrane Controlled Trials Register (CENTRAL/CCTR).
Search updated to week two July 2008.

Selection criteria

Alltrialsin preterm or low birth weight infants utilising random or quasi-random patient allocation in which ambient oxygen concentrations
were targeted to achieve a lower vs. higher blood oxygen range, or restricted vs. liberal oxygen was administered were eligible for inclusion.

Data collection and analysis

The methodological quality of the eligible trials was assessed independently by each review author for the degree of selection,
performance, attrition and detection bias. Data were extracted and reviewed independently by the each author. Data analysis was
conducted according to the standards of the Cochrane Neonatal Review Group.

Main results

In the meta-analysis of the five trials included in this review, the restriction of oxygen significantly reduced the incidence and severity
of retinopathy of prematurity without unduly increasing death rates The one prospective, multicenter, double-blind, randomized trial
investigating lower vs. higher blood oxygen levels from 32 weeks postmenstrual age showed no significant differences in the rates of ROP,

Restricted versus liberal oxygen exposure for preventing morbidity and mortality in preterm or low birth weight infants (Review) 1
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mortality or growth and development between the two groups. However, this study did show increased rates of chronic lung disease and
home oxygen use.

Authors' conclusions

The results of this systematic review confirm that (the now historical) policy of unrestricted, unmonitored oxygen therapy has potential
harms without clear benefits. However, the question of what is the optimal target range for maintaining blood oxygen levels in preterm/
LBW infants was not answered by the data available for inclusion in this review.

PLAIN LANGUAGE SUMMARY

Restricted versus liberal oxygen exposure for preventing morbidity and mortality in preterm or low birth weight infants

Restricting oxygen supplementation significantly reduces the rate and severity of vision problems (retinopathy) in premature and low
birth weight babies. Babies born either prematurely (before 37 weeks) or with a low birth weight often have breathing problems and need
extra oxygen. Oxygen supplementation has provided many benefits for these babies but can cause damage to the eyes (retinopathy) and
lungs. The review of trials found that unrestricted oxygen supplementation has these potential adverse effects without any clear benefits.
Restricted oxygen significantly reduces these risks. More research is needed to find the best level of oxygen supplementation.

Restricted versus liberal oxygen exposure for preventing morbidity and mortality in preterm or low birth weight infants (Review) 2
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BACKGROUND

The administration of supplemental oxygen has a long history in
neonatal care (Wilson 1942). The use of oxygen in preterm and low
birth weight infants suffering respiratory insufficiency has resulted
in significant health care benefits, such as reduced mortality and
spastic diplegia (Avery 1960; McDonald 1963), but has also been
associated with significant deleterious effects such as retinopathy
of prematurity and lung toxicity (Duc 1992).

Improvements in technology in the past few decades have led to
both the increased survival of preterm and low birth weight infants
and an ability to measure their oxygen levels more accurately.
Despite the exceedingly common use of supplemental oxygen
in this population of infants, there is little consensus as to the
optimal mode of administration and appropriate levels of oxygen
for maximising short or long-term growth and development, while
minimising harmful effects (Poets 1998; McIntosh 2001).

Uncertainty remains as to the most appropriate range to target
blood oxygen levels in preterm and low birth weight infants. Usher
(Usher 1973) examined the effect of targeting a lower vs. higher
range of PaO, on death, the need for mechanical ventilation and
other clinical outcomes and concluded there was no benefit in
targeting a higher range, and there may in fact be deleterious
respiratory effects (Coates 1982). A cohort study by Tin et al (Tin
2001) also suggested an increase in adverse respiratory outcomes
and a significant increase in the incidence of ROP occurred
when higher oxygen ranges were targeted in preterm infants.
However, Phelps and Rosenbaum (Phelps 1984) demonstrated
significantly more severe retinopathy in kittens recovering from
hyperoxic-induced disease when allowed to recover in lower
levels of ambient oxygen, suggesting that targeting higher blood
oxygen levels may be beneficial to visual outcomes. The STOP-
ROP trial (STOP-ROP 2000) found that higher oxygen targeting
did not significantly decrease the incidence of pre-threshold ROP
progression, but did cause an exacerbation of adverse pulmonary
events. The results of this trial are included in a separate Cochrane
review entitled: "Supplemental oxygen for the treatment of pre-
threshold retinopathy of prematurity" (Lloyd 2003). The effects
of either policy of oxygen administration on long-term growth
and development in preterm or low birth weight infants remains
uncertain.

Two related Cochrane reviews have summarised the findings on
gradual vs. abrupt (Askie 2001a) and early vs. late discontinuation
of oxygen therapy (Askie 2001b) in preterm or low birth weight
infants.

OBJECTIVES

To determine whether targeting ambient oxygen concentration to
achieve a lower vs. higher blood oxygen range, or administering
restricted vs. liberal supplemental oxygen effects mortality,
retinopathy of prematurity, lung function, growth or development
in preterm or low birth weight infants.

A priori sub-group analyses:

« Method of oxygen monitoring. Infants born at different
gestational age and birth weight subgroups: as there
are differing baseline risks of the outcome measures in
these subgroups. Time of discontinuation: early vs. late

discontinuation as this is hypothesized to influence outcome
measures (Gunn 1980). Method of discontinuation: gradual vs.
abrupt discontinuation as this is hypothesized to influence
outcome measures (Chan-Ling 1995)

METHODS

Criteria for considering studies for this review
Types of studies

Trials utilising random or quasi-random patient allocation were
eligible for inclusion.

Types of participants

Preterm (<37 weeks gestation) or low birth weight (<2500 g) infants
receiving supplemental oxygen.

Types of interventions

Restricted vs. liberal administration of supplemental oxygen; or
targeting a lower vs. higher range of blood oxygen levels.

Types of outcome measures

» Retinopathy of prematurity (ROP) - any, severe (stage 3 or
greater)

« Mortality - any, early neonatal period (< 1 week postnatal age),
later neonatal period (= 3 weeks postnatal age)

+ ROP (severe) or death (any)

« Apnea of prematurity

« Chronic lung disease/bronchopulmonary dysplasia
» Growth - neonatal period and long-term

« Neurodevelopment - long-term

« Visual function - long-term

Outcome data with attrition rates greater than 20% were not
included in analyses.

Search methods for identification of studies

The standard search strategy of the Cochrane Neonatal Review
Group was used. This includes searches of the Cochrane Controlled
Trials Register (CENTRAL/CCTR, The Cochrane Library, Issue 2,
2008), the Oxford Database of Perinatal trials, MEDLINE, previous
reviews including cross references, abstracts, conferences and
symposia proceedings, expert informants, journal hand searching
mainly in the English language.

An additional literature search, using OVID software, was conducted
of the MEDLINE (1996 - June, Week 2, 2008), Maternity and
Infant Care (1971 - June 2008), and CINAHL (1982 - June 2008)
databases in order to locate any trials in addition to those
provided by the Cochrane Controlled Trials Register (CENTRAL/
CCTR, The Cochrane Library, Issue 2, 2008). The search strategy
involved various combinations of the following keywords, using
the search fields of abstract, MeSH subject heading, exploded
subject heading, floating subject heading, publication type, registry
number word, subject heading word, text word, and title: oxygen,
preterm, premature, neonate, newborn, infant, oxygen saturation,
hypoxia, retinopathy of prematurity, retrolental fibroplasia, low
birth weight, very low birth weight, extremely low birth weight,
randomized controlled trial, controlled clinical trial, clinical trial,
random allocation, placebo.

Restricted versus liberal oxygen exposure for preventing morbidity and mortality in preterm or low birth weight infants (Review) 3
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Data collection and analysis

The standard methods of the Cochrane Collaboration and its
Neonatal Review Group were used to select trials, assess quality
and extract and synthesise data. For each trial, each author
independently assessed the methodological quality and extracted
the data from the report. Results were compared and differences
resolved as required. Level of agreement between the two authors
was greater than 90% in all cases. Eligible trials were assessed
for the degree of selection, performance, attrition and detection
bias. Additional information was requested from authors to clarify
methodology or results as necessary.

Meta-analyses were carried out with use of relative risk (RR) and
risk difference (RD). When appropriate, number needed to treat
(1/RD) was calculated. The fixed effects "assumption free" model
was used. Evaluation of heterogeneity, subgroup and sensitivity
analyses were undertaken as appropriate.

RESULTS

Description of studies

The systematic review located six trials that addressed the
question of targeting oxygen administration in preterm/LBW
infants. Fourteen other studies were excluded from the analysis
as they either did not address this particular question or did not
involve random allocation of one of the interventions under review.

Participants:

The enrolment period for five included studies was between 1951
- 1969 (referred to as "pre-1990" trials or studies hereon in) and
one (Askie 2003) included study was conducted between 1996
-2000 (referred to as "post-1990" trials or studies hereon in). The
five pre-1990 studies were done during an early era of neonatal
care, with therapies and practices quite different from modern
"intensive" care. These studies included only small numbers of
survivors with birth weights under 1000 g, the infants who carry
the greatest mortality and morbidity burden today. There was a
wide range of birth weights among trial participants, from less
than 1000 to 2500 g. The largest pre-1990 era trial (Kinsey 1956)
only enrolled infants who survived beyond 48 hours, while the
other four trials randomized infants on admission to the neonatal
nursery anywhere from two hrs (Usher 1973) to > 48 hours (Kinsey
1956). Infants from these five trials have been categorised as
belonging to the early neonatal period (< 1 week postnatal age),
which was defined as treatments starting at < 1 week of age.
The only post-1990 trial (Askie 2003) enrolled infants < 30 weeks
gestation who remained dependent on supplemental oxygen at 32
weeks postmenstrual age; therefore, infants in this trial were at
least three weeks postnatal age at randomization. Infants in this
trial have been defined in this review as belonging to the later
neonatal period (= 3 weeks postnatal age). The five pre-1990 trials
used birth weight as inclusion criteria, with the most recent trial
using gestational and postmenstrual age as inclusion criteria. Three
trials also selected infants for inclusion based on a diagnosis of
respiratory distress syndrome (Usher 1973) or hypoxia/acidemia
(Sinclair 1968) or continued dependence on supplemental oxygen
more than three weeks after birth (Askie 2003).

Intervention:

Three trials (Askie 2003; Usher 1973; Sinclair 1968) administered
oxygen based on actual arterial, saturation or capillary blood
oxygen levels. The other three trials were conducted in an era
before accurate blood oxygen monitoring in infants was possible.
As such, these trials could only test the effects of cruder measures
of oxygenation, such as ambient oxygen concentration, and even
these in only general terms, labelled "liberal" and "restricted"
oxygen administration in this review. For the included studies,
due to the variation in measurement methods, restricted oxygen
ranged from values of Fn SpO, 91-94% (Askie 2003), either 0.4
or 0.5 maximum FiO, (Kinsey 1956; Lanman 1954; Patz 1954), or
Pa0,<45mmHg (Pcap02<35mmHg) (Usher 1973) or maximum O,
of 35% (in a headbox, PaO; 50-120mmHg) (Sinclair 1968). Liberal
0, ranged from values of Fn Sp0O, 95-98% (Askie 2003), O, levels
at 50% (Kinsey 1956), 60-70% (Patz 1954), or 100% (in a headbox;
Pa0, 50-120mmHg) (Sinclair 1968), FiO, 69% (Lanman 1954), or
minimum O, 40% (PaO, 80-120mmHg or PcapO, 50-60mmHg)
(Usher 1973).

Five of the included trials started the intervention in the early
neonatal period (< 1 week postnatal age), but continued it for
a wide range of time; from one day to seven weeks. Of these,
four studies randomized infants from birth (defined as < 48 hours
after birth) (Lanman 1954; Patz 1954; Sinclair 1968; Usher 1973),
while one study did not randomize infants until > 48 hours after
birth (Kinsey 1956). One trial started the intervention in the later
neonatal period (from 32 weeks postmenstrual age) (Askie 2003),
and continued for a median of 17.5 days (IQR 7.0 to 41.0 days) for
lower oxygen targeting and a median of 40.0 days (IQR 20.5 to 73.0
days) for the higher oxygen targeting group. When oxygen weaning
was indicated, it was done so gradually in two trials, abruptly in one
trial, and the method not specified in the remaining three trials.

Outcomes:

Outcome measures were assessed at time periods ranging from
two days to 12 months. Only Askie 2003 reported the longer term
(12 months corrected age) effects of the interventions on growth,
neurodevelopment, lung function, or chronic lung disease. Coates
1982 reported some long-term outcomes on infants from Usher's
1973 study (Usher 1973). Unfortunately, he was only able to obtain
outcome data for 23% of survivors, and in keeping with our a
priori specification of only including outcome measures with 80%
or greater ascertainment, these data are notincluded in the review.

Only one study (Askie 2003) reporting eye outcome data used the
International Classification of Retinopathy of Prematurity grading
system (ROP Committee 1984). This was assessed by routine
ophthalmic examinations at two-week intervals from enrolment
until the resolution of retinopathy.

The only other study to report eye outcome data used the
retrolental fibroplasia (RLF) classifications (Reese 1953). Vascular
RLF grade 1, vascular RLF grade 2, and cicatricial RLF / RLF grade
3 correspond approximately with retinopathy of prematurity (ROP)
stage 3, ROP stage 4, and ROP stage 5 / blindness respectively.
These inferred classifications were gathered from references to
RLF/ROP cross-classification from the International Classification
of Retinopathy of Prematurity system (ROP Committee 1984; ROP
Committee 1987; Garner 1985; Hindle 1986; Hindle 1990; Sira 1988;
Szewcyk 1953). Ascertainment of RLF in the five trials from 1951 -
1969 was by direct ophthalmoscope, visualising the posterior pole

Restricted versus liberal oxygen exposure for preventing morbidity and mortality in preterm or low birth weight infants (Review) 4
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only. The only findings that could be identified using this method
were dilation and tortuosity of the retinal vessels ("plus disease",
using the 1984 and 1987 classifications, as above). The more
common findings in the anterior pole that can today be identified
with indirect ophthalmoscopy were unable to be identified. Hence,
even the least severe eye outcomes reported in this review equate
with what today would be described as "threshold" ROP.

The largest trial (Askie 2003, n = 358) only enrolled infants
who survived and were oxygen dependent beyond three weeks
postnatal age. The second largest trial (Kinsey 1956, n = 212) only
enrolled infants who survived beyond 48 hours. Unfortunately, the
third largest trial (Patz 1954, n = unknown, but greater than 120)
did not report any mortality data and these data are not retrievable
(Duc 1992).

Risk of bias in included studies

All included trials used either quasi-random or random patient
allocation, had at least one clinically meaningful outcome, and
were thus included in the analyses. The overall methodological
quality of the included trials was fair. Askie 2003 stratified the
randomization with the use of a dynamic balancing method to
ensure a balance of treatment group assignment within each
stratum defined according to hospital, singleton or multiple birth,
and gestational age.

Three of the trials had adequate allocation concealment: Askie
2003 and Kinsey 1956 used central telephone randomization,
and Sinclair 1968 used a method of sealed envelopes. Allocation
concealment is unclear in the other three trials. Patz 1954 used
quasi-random patient allocation, while the remaining five trials
were truly randomized. Askie 2003 was the only trial to employ
masking with families, clinicians and outcome assessors in this trial
unaware of treatment allocation. Askie 2003 and Kinsey 1956 were
the only two trials to report power calculations a priori. Five of
the included studies had adequate short-term outcome measure
ascertainment. The Patz 1954 trial did not report deaths or losses to
follow-up, but it is assumed that outcome data were reported only
on survivors and assessed by six months age.

Effects of interventions

RESTRICTED VS. LIBERAL OXYGEN THERAPY (ALL PRETERM/
LBW INFANTS) IN EARLY NEONATAL PERIOD (Comparison 1):

In this meta-analysis, restricted compared with liberal oxygen
administration when started during the early neonatal period did
not have any statistically significant effect on the incidence of
death. It should be noted that there were a range of times for
enrolment in this early period from two hrs (Usher 1973) to >
48 hrs (Kinsey 1956). However, restricted oxygen administration
did significantly reduce the incidence of all forms of retrolental
fibroplasia (RLF) in survivors. Cicatricial RLF (any grade) was
significantly reduced in surviving infants who were exposed to a
restricted oxygen regime (summary RR 0.26, 95% CI 0.11-0.58).
There was also a significant reduction in the precursor, vascular
RLF (any stage), in surviving infants exposed to restricted oxygen
(summary RR 0.34, 95% CI Cl 0.25-0.46).

During the early neonatal period, neither restricted compared with
liberal oxygen administration nor lower vs. higher blood oxygen
levels (where blood oxygen was directly measured) had significant
independent effects on death rates, either in all preterm/LBW

infants or in a sub-group of infants with birth weights < 1250 g.
However, restricted compared with liberal oxygen administration
did significantly reduce a combined measure of adverse outcome,
death or RLF (vascular, any stage) (summary RR 0.59, 95% ClI
0.48-0.72). Thus, one would need to treat only three infants with
restricted oxygen to prevent one infant from having the adverse
outcome of death or RLF (NNT = 1/RD = 1/0.310 = 3.2). Restricted
compared with liberal oxygen administration also reduced the
more severe measure of adverse outcome, death or RLF (cicatricial,
any grade) (summary RR 0.77, 95% Cl 0.56-1.07) for the trial where
the intervention was used in the early neonatal period, although
this result was not statistically significant.

No other outcome measures specified a priori as clinically
meaningful were reported in enough detail or with satisfactory
follow-up rates to be included in the analysis (chronic lung disease;
long-term growth, development, lung or visual function).

SUBGROUP ANALYSIS FOR THE EARLY NEONATAL PERIOD
(Comparisons 2-4):

Only one of the a priori stated subgroup analyses was possible with
the available data for the early neonatal period.

Subgroup analysis of lower vs. higher blood oxygen levels in the
early neonatal period showed that for infants with BW < 1250 g
weeks gestational age, there was no significant difference in the
incidence of death. However, it should be noted that this trial
(Usher 1973) only enrolled 45 infants.The only reported effect of
restricted vs. liberal oxygen saturation targeting on infants with
birth weight less than 1000g was a non-significant decrease in
RLF (cicatricial, severe) in the Patz 1954 trial. The analysis was
based on very small numbers, with uneven denominators in each
group. This may reflect a difference in the number of survivors in
the two groups resulting from deaths which were not accounted
for by Patz 1954. This result should thus be interpreted with
caution as the small numbers in this subgroup (as reflected in
the wide confidence intervals) and non-reported deaths make any
meaningful interpretation of these data difficult.

It was not possible to undertake any of the other a priori specified
subgroup analyses such as time or method of oxygen weaning, or
a comprehensive analysis of the method of oxygen monitoring due
to insufficient data.

LOWERVS. HIGHER BLOOD OXYGEN LEVELS (ALL PRETERM/LBW
INFANTS) IN THE LATER NEONATAL PERIOD (Comparison 5):

Only one study (Askie 2003), with 358 infants, contributed to
the results in the later neonatal period. There was no significant
differenceintheincidence of death between lower or higher oxygen
saturation targeting when started in the later neonatal period.
There were no statistically significant differences in the incidence
of ROP (any stage) in survivors, the incidence of ROP > Stage 2 nor
ROP Stage 4 or 5 or blindness between the infants receiving lower
or higher oxygen saturation targeting. There were no statistically
significant differences between intervention strategies for the
combined outcomes of death or ROP > Stage 2, nor with death or
ROP Stage 4 or 5 or blindness.

Some outcome measures specified a priori as clinically meaningful
were reported. There was no statistically significant difference in
the incidence of major developmental abnormality at 12 months
corrected age between lower or higher oxygen saturation targeting.
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In relation to lung function, there was a significant reduction on the
dependence of supplemental oxygen at 36 weeks of postmenstrual
age with using a lower oxygen saturation target (RR 0.71, 95% ClI
0.59-0.87). There was no statistically significant difference between
interventions for the incidence of use of postnatal corticosteroids
and diuretics for chronic lung disease with the use of either a lower
or higher oxygen saturation targeting.

Some outcomes were either not reported at all or not reported in
enough detail or with satisfactory follow-up rates to be included in
the analysis (long-term lung or visual function).

SUBGROUP ANALYSIS FOR THE LATER NEONATAL PERIOD
(Comparison 6):

Only one of the a priori stated subgroup analysis could be
undertaken with the available data for the later neonatal period.

Comparison of lower vs. higher oxygen saturation targeting when
started in the later neonatal period in infants <28 weeks gestational
age revealed no statistically significant difference in the incidence
of death, ROP Stage 3 or 4, nor in the incidence of blindness.

Evaluation of heterogeneity:

No statistical heterogeneity was demonstrated in any of the
outcome measures analysed that included more than one trial.

There was considerable clinical heterogeneity amongst the six trials
included in this review. All included trials contained a wide range of
birth weights, followed infants for a relatively wide ranging period
(and all but one in the short-term only), used different definitions of
outcome measures (five trials used RLF and one trial used ROP eye
outcome definitions), and implemented the interventions in either
an early or later neonatal period. There was a very wide range of
exposure to the interventions under review (1 day to >10 weeks).
Moreover, there were three distinct intervention comparisons
included in the review (hence the division of comparisons into
restricted vs. liberal oxygen administration in the early neonatal
period, lower vs. higher blood oxygen levels in the early neonatal
period, and lower vs. higher blood oxygen levels in the later
neonatal period). The Kinsey 1956, Lanman 1954 and Patz 1954
trials were conducted in an early (pre-1990) era of neonatal care
where methods of oxygen monitoring and administration were
crude in comparison to today's techniques and thus only restricted
vs. liberal oxygen administration could be compared in these
trials. The Usher 1973 and Sinclair 1968 trials used more modern
techniques (including umbilical artery catheterization, arterialised
capillary sampling, micromethods for blood gases and acid-base),
so comparison of lower vs. higher blood oxygen levels were
possible with these data. The Askie 2003 trial used pulse oximeters
whose algorithm assessed functional oxygen saturation, and thus
comparisons of lower vs. higher blood oxygen level via oxygen
saturation targets were possible with data from these trials.

Sensitivity analyses:

The results of the meta-analyses were tested for robustness with
regard to study quality. We had stated a priori that trials containing
outcome measures with greater than 20% attrition would not be
included in the analysis. In one trial, Patz 1954, it was unclear
whether outcome ascertainment was complete as attrition due to
losses to follow-up and deaths were not reported. This, plus the fact
that it was the only trial using a quasi-random method of patient

allocation, led us to test the results without the inclusion of this
trial.

There were two outcome measures for the early neonatal period
analysis that included data from the Patz 1954 trial. The outcomes
to which the Patz trial contributed were RLF (vascular, any stage)
and RLF (cicatricial, severe grades). The results for neither of these
outcome measures were significantly affected by the exclusion of
the Patz trial. Hence, the results of these meta-analyses were not
sensitive to the effect of study quality.

DISCUSSION

The answer to the question of what is the optimal therapeutic range
of blood oxygen level for preterm/LBW infants to maximise benefits,
while minimising harms, remains uncertain.

To date only two randomized trials (Askie 2003; Usher 1973) have
attempted to address this question directly. Sinclair 1968 assessed
the effects of lower vs. higher blood oxygen levels and other co-
interventions in a group of hypoxic, acidaemic low birth weight
infants. The related, but now historic, question of restricted vs.
liberal oxygen administration was addressed by three randomized
trials (Kinsey 1956; Lanman 1954; Patz 1954) in an era before
accurate and/or continuous monitoring of infant blood oxygen
levels was possible. Both interventions were included in this review,
which addresses the general question of the effect of oxygen dose
on outcomes for preterm/LBW infants.

In this analysis, restricting oxygen exposure in the early neonatal
period significantly reduced the incidence and severity of RLF
without unduly increasing death rates. The results of the largest
trial contributing to these outcomes (Kinsey 1956) have often
been misinterpreted, with the resulting extrapolation of aggressive
restriction of oxygen from birth leading to a substantial increase in
mortality rates among preterm/LBW infants in the years following
its publication (Cross 1973). This trial did not enrol infants until
at least 48 hours of age. It should also be noted that the second
largest trial, Patz 1954, did not report any mortality data and
this information is not retrievable (Duc 1992). Unfortunately, the
confidence intervals around the point estimate for this outcome
are quite wide (RR 1.20, 95% Cl 0.80-1.80), and the addition of the
Patz 1954 mortality data would have been helpful in resolving this
issue. It is possible that the difference in RLF rates seen in survivors
may be influenced by the trend toward excess deaths caused by the
restricted oxygen policy.

Since the publication of these earlier era trials, other authors
have attempted to further investigate the association between
RLF/ROP and blood oxygen levels. A large, prospective, non-
randomized study (Kinsey 1977) involving a detailed survey across
five collaborating centres in the USA was undertaken between 1969
and 1972. No definitive relationship between blood oxygen levels
and the occurrence of RLF could be established. It should be noted
that this analysis was undertaken using the limited information
available from intermittent blood gas sampling. The study did find
an association between susceptibility to RLF and decreasing birth
weight and increasing time in oxygen. However, no guidelines for
the optimal range of blood oxygen level were suggested by this
study.

Two trials (Sinclair 1968; Usher 1973) that addressed the question
of low vs. higher blood oxygen levels in the early neonatal period
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(< 1 week postnatal age) found no significant effect on death in
the early neonatal period, but did not report (in sufficient detail to
warrant inclusion) the effect of this intervention on eye or other
outcomes. The effects of either of these oxygen administration
policies on other clinically meaningful outcomes, including chronic
lung disease, long-term growth, neurodevelopment, lung or visual
function were not reported.

No further trials were undertaken until a prospective, multicenter,
double-blind, randomized, controlled trial (Askie 2003) involving
eight collaborating centres in Australia was conducted between
1996 and 2000. There were no significant differences in the rates of
ROP at any stage between the lower and higher oxygen saturation
target groups in the later neonatal period (= 3 weeks postnatal
age). There were no significant differences between the groups in
mortality rates either. However, this study noted that there was a
disadvantage to using higher oxygen saturation targeting because
of the increase in the proportion of infants needing oxygen therapy
for longer, as well as supplemental oxygen after discharge. Again,
this study made no recommendations for an optimal blood oxygen
level, but suggested that targeting higher blood oxygen levels may
increase the burden of health services for these infants. This trial
enrolled oxygen-dependent infants at 32 weeks postmenstrual age
who were at least 3 weeks of age. There is therefore a need to
evaluate this therapy when commenced soon after birth as this
may alter the rates of ROP or death. A number of trials currently
underway are examining this (BOOST NZ (NZ); BOOSTII (Australia);
BOOSTII (UK); COT (Canada); SUPPORT (USA)).

All studies included in this review measured eye outcomes. Unlike
the pre-1990 studies, the Askie 2003 trial also reported the effect
of interventions on growth and development. However, these
outcomes were not measured beyond 12 months corrected age
and thus studies with longer term outcomes will need to be
conducted. Since 2001, several observational studies (Tin 2001;
Anderson 2004; Sun 2002; Chow 2003) have been published
that have suggested short-term ophthalmic and respiratory
outcomes might be significantly improved by a policy of lower
oxygen range targeting without causing increases in mortality
or long-term morbidity. However, these non-randomized studies
lack adequate statistical power to exclude possible small, but
important, increases in death and disability that could have major
implications if a policy of lower oxygen targeting was implemented
worldwide. Currently, there are five ongoing randomized trials
being conducted to assess the effects of lower vs. higher oxygen
saturation levels in extremely preterm infants from birth. The
individual patient data from these trials will be combined in a
prospective meta-analysis to help resolve this remaining question.

The role of careful, continuous monitoring of oxygen levels on the
incidence of retinopathy of prematurity has also been investigated
by several authors since the publication of the earlier studies
included in this review. Bancalari and co-workers (Bancalari 1987a;
Bancalari 1987b; Flynn 1987) conducted the only large randomized

trial of continuous transcutaneous PO, monitoring to date. This
study showed no significant difference in the incidence or severity
of ROP, mortality or chronic lung disease in the continuously
monitored infants compared with those who received standard
(intermittent) monitoring of PO, levels. The utility of pulse oximetry
monitoring in preventing adverse neonatal outcomes remains
largely untested. The value of pulse oximetry in reducing major
hypoxic events during anaesthesia among 152 children undergoing
surgery has been assessed in one study (Cote 1988). Another trial
(Watkin 1999) compared near infrared spectroscopy and pulse
oximetry in the detection of hypoxaemiain neonates with pausesin
nasal airflow. Roemer and colleagues (Roemer 2005) examined the
diagnostic power of pulse oximetry, other blood oxygen measures
and acid-base measurements for hypoxia in term fetuses. However,
randomized controlled trial evidence for the effectiveness of pulse
oximetry monitoringin the early neonatal period is stillunavailable.

AUTHORS' CONCLUSIONS

Implications for practice

The results of this systematic review confirm that (the now
historical) policy of unrestricted, unmonitored oxygen therapy has
potential harms without clear benefits. However, the question of
what is the optimal target range for maintaining blood oxygen
levels in preterm/LBW infants in the modern clinical setting from
birth or soon thereafter was not answered by the data available for
inclusion in this review.

Implications for research

As the question of what is the optimal target range for maintaining
blood oxygen levels remains unclear, further research should
be undertaken to resolve this important clinical question. An
ongoing international collaboration is attempting to address this
issue. The BOOSTII trials (BOOST NZ (NZ); BOOSTII (Australia);
BOOSTII (UK); COT (Canada); SUPPORT (USA)) are all assessing
the effects of higher oxygen levels on infants 27 weeks or less
gestational age in terms of both short and long-term outcomes.
Results from these trials will be combined in a prospective
meta-analysis (known as the NeOProM Collaboration) and will
be incorporated into this systematic review as they become
available. The STOP-ROP trial (STOP-ROP 2000) assessed the effect
of higher oxygen levels on the progression of pre-threshold ROP.
The results of this trial are included in a separate Cochrane review
entitled: "Supplemental oxygen for the treatment of pre-threshold
retinopathy of prematurity" (Lloyd J, Askie LM, Smith J, Tarnow-
Mordi WO). It should be noted that this trial did not address the
effect of oxygen levels administered in the early neonatal period
either as infants were 35.6 weeks postmenstrual age at enrolment
into this trial.
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CHARACTERISTICS OF STUDIES

Characteristics of included studies [ordered by study ID]

Askie 2003

Methods Randomization was stratified with the use of a dynamic balancing method to ensure a balance of treat-
ment-group assignment within each stratum defined according to hospital, singleton or multiple birth,
and gestational age. Central telephone randomization ensured adequate allocation concealment.

The intervention group (standard oxygen) received oxygen to achieve Fn SpO, 91-94%, while the con-
trol group (high oxygen) received oxygen to achieve Fn SpO, 95-98%. Masking of all interventions was
achieved by using oximeters designed to display levels either 2% higher or lower than what it real-

ly was, thereby giving readings between 93-96%. Caregivers were not aware of the offset level (dou-
ble-blinding).

There were no losses in follow-up. There were detailed power calculations.

Participants 358 infants < 30wks gestation who remained dependent on supplemental oxygen at 32 wks of post-
menstrual age. The mean birth weight for standard saturation group was 918g and for high saturation
group 916g. Infants were followed and measured at 12 months corrected age.

Interventions Experimental group (standard oxygen): received oxygen to achieve Fn SpO; 91-94%. Intervention treat-
ment applied at 32wks postmenstrual age and maintained for the duration of the supplemental oxygen
therapy.

Control group (high oxygen): received oxygen to achieve Fn Sp0O, 95-98%. Intervention treatment ap-
plied at 32 wks postmenstrual age and maintained for the duration of the supplemental-oxygen thera-
py.

Outcomes Worst retinopathy of prematurity (< stage 3)
Worst retinopathy of prematurity (stage 3 or 4)
Ablative retinal surgery for severe retinopathy of prematurity
Death (after randomization)
Growth measures:
- weight
- length
- head circumference
Major developmental abnormality
Dependence on supplemental oxygen at 36 wks of postmenstrual age
Home-based oxygen therapy & duration of oxygen therapy after randomization
Postmenstrual age at cessation of oxygen therapy
Duration of assisted ventilation after randomization

Postnatal corticosteroids

Restricted versus liberal oxygen exposure for preventing morbidity and mortality in preterm or low birth weight infants (Review) 11
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Askie 2003 (Continued)

Diuretics for chronic lung disease

Length of stay after randomization

Postmenstrual age at discharge from hospital

Postmenstrual age at time of fully oral feeding

Infant rehospitalized

Number of health service visits per infant

Scores on psychological measures

-Edinburgh postnatal depression scale (mother)

-infant temperature scale

-toddler temperment scale

-parenting stress index, short form

-impact-on-family scale

Notes

Risk of bias

Bias Authors' judgement  Support for judgement

Adequate sequence gener-  Low risk Randomization was stratified with the use of a dynamic balancing method.

ation?

Allocation concealment? Low risk Central telephone randomization.

Blinding? Low risk Oxygen saturation levels were adjusted to display a value 2% higher than the

All outcomes actual saturation in infants in the standard 02 group or 2% lower than the ac-
tual saturation in infants in the high-saturation group.

Incomplete outcome data  Low risk There was complete follow-up for outcome data.

addressed?

All outcomes

Free of selective report- Low risk All outcomes were reported.

ing?

Kinsey 1956

Methods

Central telephone randomization ensured adequate allocation concealment. The ratio of experimental
group : control group was 2:1 in first 3 months of enrolment. Following that, 574 infants were consec-
utively allocated to the experimental group and had no concurrent controls. These infants are not in-
cluded in this review. The number of infants excluded before randomization is not known. Randomiza-
tion was stratified by birth weight categories and institution. The intervention was not blinded and the
blinding of outcome assessments is unclear. The follow-up rate for outcome measures was 97%. There
were detailed power calculations.

Participants

212 infants with BW <1500g who survived to 48 hours. Enrolment commenced in July 1953. The mean
BW in the two groups was 1242g (restricted) and 1234g (liberal) respectively. Infants were followed un-

til 2.5 months of age.

Restricted versus liberal oxygen exposure for preventing morbidity and mortality in preterm or low birth weight infants (Review) 12
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Kinsey 1956 (Continued)

Interventions

Experimental group (restricted oxygen): received oxygen only if clinical condition indicated and maxi-
mum FiO, permitted was 0.5.

Control group (liberal oxygen): received supplemental oxygen in excess of 50% for a minimum of 28
days and were then weaned over 3 days.

Outcomes Vascular RLF (any stage) in survivors
Vascular RLF (severe stages) in survivors
Cicatricial RLF (any grade) in survivors
Cicatricial RLF (severe grades) in survivors
Mortality (48 hours-40 days)
Of the 144 infants assigned to the restricted oxygen group, 36 died before 40 days and 4 were lost to fol-
low-up. There were 15 deaths and no losses to follow-up among the 68 infants allocated to the liberal
oxygen group.
Notes
Risk of bias
Bias Authors' judgement  Support for judgement
Adequate sequence gener-  Low risk Block and stratified randomization.
ation?
Allocation concealment? Low risk Central telephone randomization.
Blinding? High risk Blinding not stated.
All outcomes
Incomplete outcome data  Low risk Follow-up was 97%. Reasons were given for loss to follow-up (e.g. death)
addressed?
All outcomes
Free of selective report- Low risk There were 21 tables and 8 appendices tables of results and measured data re-

ing?

porting various analyses of the outcome data and breakdown of the character-
istics of the populations from all the participating centres.

Lanman 1954

Methods

Infants were randomized by random numbers, method unspecified, and thus allocation concealment
is unclear. There was no blinding of the intervention and it is unknown if outcome assessments were
done blinded to treatment allocation. There was only one loss to follow-up of the 86 infants enrolled.
Power calculations were inadequate with the completion of the study being determine by a date speci-
fied one year in advance.

Participants

86 infants with BW 1000-1850g admitted within 12 hours of birth. Infants were followed until 3 months
age.

Interventions

Experimental group (restricted oxygen): only received oxygen when cyanosed, at a maximum FiO, of
0.5. The mean FiO, received by this group was 0.38.

Control group (liberal oxygen): received supplemental oxygen for a minimum of 2 weeks or until reach-
ing 1500g, and were then weaned abruptly. The mean FiO, received by this group was 0.69.

Outcomes Vascular RLF (any stage) in survivors
Cicatricial RLF (any grade) in survivors
Restricted versus liberal oxygen exposure for preventing morbidity and mortality in preterm or low birth weight infants (Review) 13
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Lanman 1954 (Continued)

Mortality (12 hours-3 months)

Notes

Risk of bias

Bias Authors' judgement  Support for judgement

Adequate sequence gener-  Low risk Random numbers, but method was not specified.

ation?

Allocation concealment? Unclear risk Allocation was in order of admission by random numbers but method was not

specified. Allocated to one of 4 groups: high oxygen, high oxygen + estrogen
given orally, low oxygen, & low oxygen + estrogen given orally.

Blinding?
All outcomes

High risk For restricted oxygen intervention, oxygen was given only when infants were
cyanosed, so blinding would not have been easily done.

Incomplete outcome data
addressed?
All outcomes

Low risk There was complete follow-up, and infants who were lost lost to follow-up
were accounted for.

Free of selective report-
ing?

Low risk All participants and outcomes were reported, even those that were lost to fol-
low-up were reported.

Patz 1954

Methods

Quasi-random treatment allocation, based on alternate admission basis. Allocation concealment was
thus inadequate. There was no blinding of the intervention and it is unclear whether outcome assess-
ments were blinded to treatment allocation. Attrition due to deaths or losses to follow-up are not re-
ported, so it is unclear whether there was complete outcome measure ascertainment. No power calcu-
lations were reported.

Participants

An unknown number of very low birthweight infants (</= 1500g) were enrolled from Jan 1951 to May
1953. 120 infants survived and had eye outcome assessments completed by 6 months age and were in-
cluded in the analysis.

Interventions

Experimental group (restricted oxygen): infants received oxygen only for clinical indications, and to a
maximum FiO, of 0.4. The range of duration of oxygen in this group was 1 day - 2 weeks. Once weaning
was indicated, it proceeded over 1-3 days.

Control group (liberal oxygen): infants were placed in supplemental oxygen of 60-70% for 4-7 weeks,
then weaned over one week.

Outcomes Vascular RLF (any stage) in survivors
Cicatricial RLF (severe grades) in survivors
Cicatricial RLF (severe grades), BW <1000g, in survivors
There are no data available, either published or unpublished, on mortality rates. The number of infants
allocated to each group was not reported, hence outcome data can only be expressed in relation to the
surviving infants presenting for follow-up assessment.

Notes

Risk of bias

Bias Authors' judgement  Support for judgement
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Patz 1954 (Continued)

Adequate sequence gener-  High risk Quasi-random allocation based on alternate admission basis.

ation?

Allocation concealment? High risk Quasi-random allocation based on alternate admission basis.

Blinding? High risk Blinding not stated. Also, the experimental and control interventions were ap-

All outcomes plied for different lengths of time, so treatment differences would have been
obvious.

Incomplete outcome data  Unclear risk The focus of results seemed to be on qualitative histological data. The quanti-

addressed?
All outcomes

tative results seemed to report on all outcomes.

Sinclair 1968

Methods

Randomized to one of 4 treatment groups, using sealed envelopes and thus allocation concealment
was adequate. There was no blinding of treatment intervention, and it is unclear whether there was
blinding of outcome assessments. No power calculations were reported. Short-term follow up was
complete.

Participants

20 infants with BW 1000-2500g less than 24 hours age who were hypoxic and acidemic were included.

Interventions

Infants were randomized to one of four treatment groups including combinations of the following
treatments: restricted vs. liberal ambient oxygen, rapid vs. slow alkali infusion, assisted vs. sponta-
neous ventilation. There was random allocation of the other two treatments within the two oxygen
therapy groups, hence the data from this trial were included in the review.

Experimental group (restricted oxygen): supplemental oxygen, to a maximum of 35%, to keep PaO,
50-120 mmHg. If PaO, fell below 40 mmHg or infant became bradycardic, could give unlimited oxygen
and would be considered as a treatment failure.

Control group (liberal oxygen): received 100% headbox oxygen for first 2 hours, then aimed to maintain
Pa0, at 50-120 mmHg using any FiO, needed.

Outcomes Mortality (any)
Physiological measures including:
- acid-base balance
- Pa0, levels
- percentage right-left shunt
- serum electrolytes, blood urea nitrogen, serum lactate
- urinary net acid excretion
- plasma bicarbonate
- "apparent" bicarbonate space
Long-term neurological assessments reported as "in progress" in the paper were never completed (per-
sonal communication J. Sinclair, July 1998).
Notes
Risk of bias
Bias Authors' judgement  Support for judgement
Adequate sequence gener-  Low risk Sealed envelopes & stratified
ation?
Allocation concealment? Low risk Random allocation to 1 of 4 treatment groups, using sealed envelopes; strati-

fied by severity of A (severe vs. moderate).
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Sinclair 1968 (Continued)

Blinding? High risk Blinding not stated.

All outcomes

Incomplete outcome data  Low risk There was complete follow-up (but not specified). Short-term follow-up was
addressed? complete.

All outcomes

Free of selective report- Low risk There were 14 tables and 15 figures of results and analysed data reporting var-

ing?

ious analyses of the outcome data. It seemed all outcomes were reported.

Usher 1973

Methods

Infants were randomized by a stratified random sampling technique. Allocation concealment is un-
clear. There was no blinding of the intervention. One author was unblinded to the treatment allocation,
but is unclear whether this author was involved in outcome assessments. No power calculations were
reported. Early outcome data were reported completely. However, long-term outcome data included
only 15% of the enrolled infants and thus have not been included in this review.

Participants

150 infants with a diagnosis of respiratory distress syndrome or BW <1000g were eligible for inclusion.
The numbers excluded prior to randomization are not reported.

Interventions

Experimental group (low PaO,): infants received oxygen only if their PaO, fell below 40 mmHg or
PcapO, fell below 35 mmHg. Sufficient oxygen was used to maintain these tensions.

Control group (high Pa0,): infants were kept in a minimum of 40% oxygen for 72 hours. Aim was to
maintain Pa0O, 80-120 mmHg or PcapO, 50-60 mmHg.

Mechanical ventilation was not available to either group.

Outcomes Mortality (any)
Mortality (respiratory)
Descriptive results of respiratory failure measures were reported (such as retractions, grunting, respira-
tory pattern and rate, chest Xray changes).
Notes
Risk of bias
Bias Authors' judgement  Support for judgement
Adequate sequence gener-  Low risk Stratified random sampling technique.
ation?
Allocation concealment? Unclear risk Unclear
Blinding? High risk Blinding not stated.
All outcomes
Incomplete outcome data  Low risk There was complete follow-up for early outcomes, but not for late outcomes.
addressed? Only 15% follow-up at 10yrs (Coates).
All outcomes
Free of selective report- Low risk There were 10 tables and 16 figures of results and analysed data reporting var-
ing? ious analyses of the outcome data. It seemed that all outcomes were reported.
Restricted versus liberal oxygen exposure for preventing morbidity and mortality in preterm or low birth weight infants (Review) 16
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Characteristics of excluded studies [ordered by study ID]

Study Reason for exclusion

Bard 1996 Infants were not randomly assigned to target two different arterial blood oxygen saturations (90%
and 95%). Infants acted as their own controls. This was not a random or quasi-random trial and
was thus excluded from the review.

Cunningham 1995 This non-randomized, retrospective study assessed the effects of variability of oxygen levels, as
measured by transcutaneous oxygen monitoring, on the incidence of retinopathy of prematurity.
Patient allocation was not randomized, and thus the study was excluded from the review.

Deulofeut 2007 This was a non-randomized study of infants from January 2000 to December 2004, where there was
a change from Sp0O, 92-100% to Sp0O, 85-93% from January 2003. Since allocation of treatment

was non-randomized, this study was excluded from the review.

Engleson 1958 This non-randomized trial addressed a different question from that under review. It examined the
effects of keeping preterm infants at oxygen concentrations below that of room air, and was thus
notincluded in the review.

Fitzgerald 1998 Infants in this study were randomized to receive either air/usual supplementary oxygen (to main-
tain Sp0O, >93%) or increased supplementary oxygen (to maintain SpO, >97%) only for one night

whilst the sleep study was done. Included trials randomized infants to an ongoing policy of high-
er / lower SpO,. Infants also already had CLD at the start of the study (which was one of this study's

population inclusion criteria).

Gaynon 1997 The study was a retrospective analysis of different target ranges of oxygen saturation on the inci-
dence of ROP. There was no random allocation of patients to different treatment groups, thus the
trial was excluded from the review.

Kitchen 1978 This study was a randomized trial of a "package" of intensive care, including intravenous glucose,
umbilical arterial catheterisation, bicarbonate infusion, and high PaO, levels, vs. the standard
neonatal care regimen of the late 1960s. The trial was excluded from the review because the entire
"package" of interventions, rather than the separate elements within it, was the randomized inter-
vention. Thus, other interventions that could affect clinical outcomes were unbalanced between
0Xygen exposure groups.

Lundstrom 1995 This randomized trial addressed a different question from that under review. It compared the use
of atmospheric air vs. 80% oxygen for preterm infants during initial stabilization in the delivery
room, and was thus excluded from the review.

Mendicini 1971 This study was a randomized trial of a "package" of intensive care, including intravenous glucose,
bicarbonate infusion, and high Pa0O, levels, vs. the standard neonatal care regimen of the late
1960s. The trial was excluded from the review because the entire "package" of interventions, rather
than the separate elements within it, was the randomized intervention. Thus, other interventions
that could affect clinical outcomes were unbalanced between oxygen exposure groups.

Schulze 1995 This was a non-randomized, crossover trial comparing the effects of two different oxygen satura-
tion target ranges on cardiac output, oxygen extraction, and oxygen consumption in mechanically
ventilated, low birth weight infants. As treatment allocation was not random or quasi-random, the
trial was excluded from the review.

STOP-ROP 2000 This trial included preterm/LBW infants with pre-threshold ROP. The intervention tested was sup-
plemental oxygen for the treatment of pre-threshold ROP, not a preventative strategy. The results
of this trial will be included in a separate Cochrane review entitled: "Supplemental oxygen in the
treatment of pre-threshold retinopathy of prematurity" (Lloyd J, Askie LM, Smith J, Tarnow-Mordi
WO).
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Study Reason for exclusion

Wallace 2007 This was a non-randomized retrospective cohort study of infants. Eligible infants born between Oc-
tober 1, 2002, and July 31, 2003, were given SpO2 98-100%. Eligible infants born between January
1, 2004, and April 30, 2005, were given SpO, 90-96%. Since allocation of treatment was non-ran-

domized, this study was excluded from the review.

Weintraub 1956 The planned scheme of quasi-random, alternate allocation was not adhered to, resulting in the
possibility of substantial selection bias, and the study was thus excluded from the review.

Wright 2006 This was a non-randomized prospective observational study of infants from 3 centres where there
was a change in SpO, from >90%, 89-94% or 90-95% to 83-93% for all centres. Eligible infants born
after the transition year were given the lower Sp02 treatment. Since allocation of treatment was
non-randomized, this study was excluded from the review.

Characteristics of ongoing studies [ordered by study ID]

BOOST NZ (NZ)

Trial name or title Benefits of oxygen saturation targeting trial (NZ)

Methods Infants are randomized centrally by telephone, using a computerized interactive voice response
system. Randomization is stratified by site, sex, gestation and inborn and outborn. Computer-gen-
erated randomization lists are prepared by an independent statistician and not accessible to staff
involved in the daily care of infants. The intervention monitored through Masimo Radical SET pulse
oximeters are masked by offsetting the assigned SpO2 by +/-3% points. Staff will (a) target SpO,
88-92% and (b) aim to maximize time spent with SpO, between 85-95%. From 85-95%, the offset
will be 3% above or below the actual SpO,. Outside 85-95%, study oximeters read actual SpO,.
320 infants will be enrolled. This data will be analysed with the data from the Australian BOOST-II
trial. A sample size of 1200 infants has 80% power (2p=0.05) to detect an absolute 8% increase or
decrease in the composite outcome of death or major disability at 2 years. This would mean one
less infant who died or was disabled for every 12 infants managed in the optimal range. This would
have similar power to detect a reduction in severe ROP from 10% to 7.8% and in CLD from 40% to
32%.

Participants Infants <27 weeks' gestation at birth and <24 hours old

Interventions Lower (Fn SpO, 85-89%) vs higher (Fn Sp0O, 91-95%) O, targeting

Outcomes Survival and major disability at 2 years corrected age, other secondary outcomes

Starting date 2006

Contact information Professor Brian Darlow; Email: brian.darlow@chmeds.ac.nz

Notes

BOOSTII (Australia)
Trial name or title Benefits of oxygen saturation targeting trial 2 (Australia)
Methods Infants are randomized centrally by telephone, using a computerized interactive voice response

system. Randomization is stratified by site, sex, gestation and inborn and outborn. Computer-gen-
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BOOSTII (Australia) (continued)

erated randomization lists are prepared by an independent statistician and not accessible to staff
involved in the daily care of infants. The intervention monitored through Masimo Radical SET pulse
oximeters are masked by offsetting the assigned SpO2 by +/-3% points. Staff will (a) target SpO,
88-92% and (b) aim to maximize time spent with SpO, between 85-95%. From 85-95%, the offset
will be 3% above or below the actual SpO,. Outside 85-95%, study oximeters read actual SpO,.

A sample size of 1200 infants has 80% power (2p=0.05) to detect an absolute 8% increase or de-
crease in the composite outcome of death or major disability at 2 years. This would mean one less
infant who died or was disabled for every 12 infants managed in the optimal range. This would
have similar power to detect a reduction in severe ROP from 10% to 7.8% and in CLD from 40% to

32%.

Participants Infants <27 weeks' gestation at birth and <24 hours old

Interventions Lower (Fn SpO, 85-89%) vs higher (Fn Sp0O, 91-95%) O, targeting

Outcomes Death or major disability at 2 years corrected age, other secondary outcomes

Starting date 2006

Contact information Alpana Ghadge; Tel: +61 2 9562 5000; Fax: +61 2 9562 5094

Notes

BOOSTII (UK)

Trial name or title Benefits of oxygen saturation targeting trial 2 (UK)

Methods Infants are randomized centrally by a secure website at the National Perinatal Epidemiology Unit
(NPEU) in Oxford. A computer-generated program that used minimization will be used to en-
sure balanced allocation to the two arms of the trials in each recruiting unit from a knowledge
of weight, gestation and sex at birth. The NPEU is write the randomization program and hold the
code.
The intervention monitored through Masimo Radical SET pulse oximeters are masked by offsetting
the assigned SpO2 by +/-3% points. Staff will (a) target SpO, 88-92% and (b) aim to maximize time
spent with SpO, between 85-95%. From 85-95%, the offset will be 3% above or below the actual
SpO,. Outside 85-95%, study oximeters read actual SpO,.
A sample size of 1200 infants has 80% power (2p=0.05) to detect an absolute 8% increase or de-
crease in the composite outcome of death or major disability at 2 years. This would mean one less
infant who died or was disabled for every 12 infants managed in the optimal range. This would
have similar power to detect a reduction in severe ROP from 10% to 7.8% and in CLD from 40% to
32%.
Data analysis will be intention to treat.

Participants Infants <28 weeks’ gestation at birth and <12 hours old (24 hours old if the baby is outborn)

Interventions Lower (Fn SpO, 85-89%) vs higher (Fn Sp0O, 91-95%) O, targeting

Outcomes Death or serious neurosensory disability at 2 years corrected age, other secondary outcomes

Starting date 2007

Contact information Professor Peter Brocklehurst; Email: peter.brocklehurst@npeu.ox.ac.uk
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BOOSTII (UK) (continued)

Notes

COT (Canada)

Trial name or title Canadian oxygen trial

Methods Infants are randomized centrally by telephone. Randomization is stratified by gestational age
(23-25 and 26-27 weeks) and by study centre. Alocation will incorporate variable block sizes. The
concealed study allocation will be determined, in advance, using a computer-based random num-
ber generator.

The intervention monitored through Masimo Radical SET pulse oximeters are masked by offsetting
the assigned Sp02 by +/-3% points. Staff will (a) target SpO, 88-92% and (b) aim to maximize time
spent with SpO, between 85-95%. From 85-95%, the offset will be 3% above or below the actual
SpO,. Outside 85-95%, study oximeters read actual SpO,.

A sample size of 1200 infants has 80% power (2p=0.05) to detect an absolute 8% increase or de-
crease in the composite outcome of death or major disability at 2 years. This would mean one less
infant who died or was disabled for every 12 infants managed in the optimal range. This would
have similar power to detect a reduction in severe ROP from 10% to 7.8% and in CLD from 40% to
32%.

Participants Infants <27 weeks' gestation at birth and <24 hours old

Interventions Lower (Fn Sp0O, 85-89%) vs higher (Fn Sp0O, 91-95%) O, targeting

Outcomes Death or major disability (cognition, neuromotor function, vision, hearing) at 2 years corrected age,
other secondary outcomes

Starting date October 2006

Contact information Dr Barbara Schmidt; Email: schmidt@mcmaster.ca

Notes

SUPPORT (USA)

Trial name or title The surfactant positive airway pressure and pulse oximetry trial in extremely low birth weight in-
fants

Methods This is a prospective, randomized, factorial 2x2 design multi-centre trial. Randomization will be
stratified by gestational age, and will be done utilizing double-sealed envelopes.

The individual factors to be tested will be: 1) A prospective comparison of CPAP and a permissive
ventilatory strategy begun in the delivery room and continuing in the NICU with early (<1 hour) sur-
factant and mechanical ventilation; 2) A prospective comparison of a lower SpO2 range (85% to
89%) with a higher more conventional SpO2 range (91% to 95%) until the infant is no longer requir-
ing ventilatory support or oxygen.

The intervention monitored through Masimo Radical SET pulse oximeters are masked by offsetting
the assigned Sp02 by +/-3% points. Staff will (a) target SpO, 88-92% and (b) aim to maximize time
spent with SpO, between 85-95%. From 85-95%, the offset will be 3% above or below the actual
SpO,. Outside 85-95%, study oximeters read actual SpO,.

Restricted versus liberal oxygen exposure for preventing morbidity and mortality in preterm or low birth weight infants (Review) 20
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SUPPORT (USA) (Continued)

Power has been calculated to be 80% for detecting an absolute difference of 10% in the primary

and secondary outcomes, with a sample size of 1310.

Participants Infants <27 weeks' gestation at birth and <24 hours old
Interventions Lower (Fn SpO, 85-89%) vs higher (Fn Sp0O, 91-95%) O, targeting
Outcomes Death or major disability at 2 years corrected age, survival without BPD at 36 weeks, survival with-

out ROP, other secondary outcomes

Starting date February 2005

Contact information

Dr Neil Finer; Email: nfiner@ucsd.edu

Notes

DATA AND ANALYSES

Comparison 1. Restricted versus liberal oxygen therapy (all preterm/LBW infants) in early neonatal period

Outcome or subgroup title No. of No. of Statistical method Effect size

studies partici-

pants

1 Death (any) 2 298 Risk Ratio (M-H, Fixed, 95% Cl) 1.23[0.80, 1.90]
2 Cicatricial RLF (any grade) in sur- 2 221 Risk Ratio (M-H, Fixed, 95% CI) 0.26[0.11, 0.58]
vivors
3Vascular RLF (any stage) in survivors 3 341 Risk Ratio (M-H, Fixed, 95% CI) 0.34[0.25, 0.46]
4 Vascular RLF (severe stages) in sur- 1 157 Risk Ratio (M-H, Fixed, 95% Cl) 0.38[0.17,0.85]
vivors
5 Cicatricial RLF (severe grades) insur- 2 277 Risk Ratio (M-H, Fixed, 95% Cl) 0.19[0.07, 0.50]
vivors
6 Death or vascular (RLF (any stage) 2 298 Risk Ratio (M-H, Fixed, 95% Cl) 0.59[0.48,0.72]
7 Death or cicatricial RLF (any grade) 2 298 Risk Ratio (M-H, Fixed, 95% CI) 0.77[0.56, 1.07]
8 Cicatricial RLF (severe grades) insur- 1 157 Risk Ratio (M-H, Fixed, 95% Cl) 0.32[0.11,0.93]
vivors (excluding Patz 1954)
9 Vascular RLF (any stage) in survivors 2 221 Risk Ratio (M-H, Fixed, 95% Cl) 0.36[0.26,0.51]

(excluding Patz 1954)

Restricted versus liberal oxygen exposure for preventing morbidity and mortality in preterm or low birth weight infants (Review)
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Analysis 1.1. Comparison 1 Restricted versus liberal oxygen therapy (all
preterm/LBW infants) in early neonatal period, Outcome 1 Death (any).

Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Kinsey 1956 36/144 15/68 -— 70.37% 1.13[0.67,1.92]
Lanman 1954 12/41 9/45 —T 29.63% 1.46[0.69,3.11]
Total (95% CI) 185 113 <> 100% 1.23[0.8,1.9]

Total events: 48 (Treatment), 24 (Control)
Heterogeneity: Tau?=0; Chi*=0.3, df=1(P=0.59); 1>=0%
Test for overall effect: Z=0.94(P=0.35)

Favours restricted ~ 0-01 0.1 1 10 100 Favours liberal

Analysis 1.2. Comparison 1 Restricted versus liberal oxygen therapy (all preterm/LBW
infants) in early neonatal period, Outcome 2 Cicatricial RLF (any grade) in survivors.

Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Kinsey 1956 8/104 12/53 —— 68.03% 0.34[0.15,0.78]
Lanman 1954 0/28 836 4—=— 31.97% 0.08[0,1.25]
Total (95% CI) 132 89 e 100% 0.26[0.11,0.58]

Total events: 8 (Treatment), 20 (Control)
Heterogeneity: Tau?=0; Chi*=1.18, df=1(P=0.28); 1*=15.56%
Test for overall effect: Z=3.29(P=0)

Favours restricted 001 0.1 1 10 100 Favours liberal

Analysis 1.3. Comparison 1 Restricted versus liberal oxygen therapy (all preterm/
LBW infants) in early neonatal period, Outcome 3 Vascular RLF (any stage) in survivors.

Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Kinsey 1956 34/104 38/53 E 3 49.07% 0.46[0.33,0.63]
Lanman 1954 2/28 22/36 . a— 18.76% 0.12[0.03,0.46]
Patz 1954 10/60 33/60 —— 32.17% 0.3[0.16,0.56]
Total (95% Cl) 192 149 L 4 100% 0.34[0.25,0.46]
Total events: 46 (Treatment), 93 (Control)
Heterogeneity: Tau?=0; Chi*=5.53, df=2(P=0.06); 1>=63.85%
Test for overall effect: Z=7(P<0.0001)

Favours restricted ~ 0-01 0.1 1 10 100 Favours liberal

Restricted versus liberal oxygen exposure for preventing morbidity and mortality in preterm or low birth weight infants (Review) 22
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Analysis 1.4. Comparison 1 Restricted versus liberal oxygen therapy (all preterm/LBW
infants) in early neonatal period, Outcome 4 Vascular RLF (severe stages) in survivors.

Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Kinsey 1956 9/104 12/53 B 100% 0.38[0.17,0.85]
Total (95% CI) 104 53 - 100% 0.38[0.17,0.85]
Total events: 9 (Treatment), 12 (Control)
Heterogeneity: Not applicable
Test for overall effect: Z=2.36(P=0.02)

Favours restricted ~ 0-01 0.1 1 10 100 Favours liberal

Analysis 1.5. Comparison 1 Restricted versus liberal oxygen therapy (all preterm/LBW
infants) in early neonatal period, Outcome 5 Cicatricial RLF (severe grades) in survivors.

Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Kinsey 1956 5/104 8/53 —— 46.9% 0.32[0.11,0.93]
Patz 1954 1/60 1260 ——— 53.1% 0.08[0.01,0.62]
Total (95% Cl) 164 113 P 100% 0.19[0.07,0.5]
Total events: 6 (Treatment), 20 (Control)
Heterogeneity: Tau?=0; Chi*=1.51, df=1(P=0.22); 1>=33.88%
Test for overall effect: Z=3.39(P=0)

Favours restricted 001 0.1 1 10 100 Favours liberal

Analysis 1.6. Comparison 1 Restricted versus liberal oxygen therapy (all preterm/
LBW infants) in early neonatal period, Outcome 6 Death or vascular (RLF (any stage).

Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Kinsey 1956 70/144 53/68 . 70.9% 0.62[0.51,0.77]
Lanman 1954 14/41 31/45 —— 29.1% 0.5[0.31,0.79]
Total (95% Cl) 185 113 L2 100% 0.59[0.48,0.72]
Total events: 84 (Treatment), 84 (Control)
Heterogeneity: Tau?=0; Chi*=0.83, df=1(P=0.36); 1>=0%
Test for overall effect: Z=5.28(P<0.0001)

Favours restricted ~ 0-01 0.1 1 10 100 Favours liberal

Analysis 1.7. Comparison 1 Restricted versus liberal oxygen therapy (all preterm/
LBW infants) in early neonatal period, Outcome 7 Death or cicatricial RLF (any grade).

Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Kinsey 1956 44/144 27/68 ‘ 69.35% 0.77[0.52,1.13]
Favours restricted ~ 0-01 0.1 1 10 100 Favours liberal

Restricted versus liberal oxygen exposure for preventing morbidity and mortality in preterm or low birth weight infants (Review)
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Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Lanman 1954 12/41 17/45 —— 30.65% 0.77[0.42,1.42]
Total (95% Cl) 185 113 L 100% 0.77[0.56,1.07]

Total events: 56 (Treatment), 44 (Control)
Heterogeneity: Tau?=0; Chi*=0, df=1(P=0.99); 1>=0%
Test for overall effect: Z=1.57(P=0.12)

Favours restricted ~ 0-01 0.1 1 10 100 Favours liberal

Analysis 1.8. Comparison 1 Restricted versus liberal oxygen therapy (all preterm/LBW infants) in
early neonatal period, Outcome 8 Cicatricial RLF (severe grades) in survivors (excluding Patz 1954).

Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Kinsey 1956 5/104 8/53 o 100% 0.32[0.11,0.93]
Total (95% ClI) 104 53 - 100% 0.32[0.11,0.93]

Total events: 5 (Treatment), 8 (Control)
Heterogeneity: Not applicable
Test for overall effect: Z=2.1(P=0.04)

Favours restricted 001 0.1 1 10 100 Favours liberal

Analysis 1.9. Comparison 1 Restricted versus liberal oxygen therapy (all preterm/LBW infants)
in early neonatal period, Outcome 9 Vascular RLF (any stage) in survivors (excluding Patz 1954).

Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Kinsey 1956 34/104 38/53 . 72.34% 0.46[0.33,0.63]
Lanman 1954 2/28 22/36 27.66% 0.12[0.03,0.46]
Total (95% CI) 132 89 L 2 100% 0.36[0.26,0.51]

Total events: 36 (Treatment), 60 (Control)
Heterogeneity: Tau?=0; Chi*=4.6, df=1(P=0.03); 1>=78.26%

Test for overall effect: Z=5.88(P<0.0001)

Favours restricted ~ 0-01 0.1 1 10 100 Favours liberal

Comparison 2. Restricted versus liberal oxygen therapy (BW<1000g) in early neonatal period

Outcome or subgroup title No. of No. of par-  Statistical method Effect size
studies ticipants
1 Cicatricial RLF (severe grades) in survivors 1 17 Risk Ratio (M-H, Fixed, 95% Cl) 0.24[0.02, 3.79]
Restricted versus liberal oxygen exposure for preventing morbidity and mortality in preterm or low birth weight infants (Review) 24
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Analysis 2.1. Comparison 2 Restricted versus liberal oxygen therapy (BW<1000g)
in early neonatal period, Outcome 1 Cicatricial RLF (severe grades) in survivors.

Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Patz 1954 0/5 412 e 100% 0.24[0.02,3.79]
Total (95% CI) 5 12 e — 100% 0.24[0.02,3.79]

Total events: 0 (Treatment), 4 (Control)
Heterogeneity: Not applicable
Test for overall effect: Z=1.01(P=0.31)

Favours lower ~ 0.01 0.1 1 10 100 Favours higher

Comparison 3. Lower versus higher blood oxygen levels (all preterm/LBW infants) in early neonatal period

Outcome or subgroup title No. of No. of partici- Statistical method Effect size
studies pants
1 Death (any) 2 170 Risk Ratio (M-H, Fixed, 95% CI) 0.91[0.57, 1.44]

Analysis 3.1. Comparison 3 Lower versus higher blood oxygen levels (all
preterm/LBW infants) in early neonatal period, Outcome 1 Death (any).

Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Sinclair 1968 4/10 4/10 + 14.99% 1[0.34,2.93]
Usher 1973 20/74 23/76 B 85.01% 0.89[0.54,1.48]
Total (95% Cl) 84 86 * 100% 0.91[0.57,1.44]
Total events: 24 (Treatment), 27 (Control) ‘

Heterogeneity: Tau?=0; Chi*=0.04, df=1(P=0.85); 1>=0% ‘

Test for overall effect: Z=0.41(P=0.68) ‘

Favours lower 001 0.1 1 10 100 Favours higher

Comparison 4. Lower versus higher blood oxygen levels (BW<1250g) in early neonatal period

Outcome or subgroup title No. of No. of partici- Statistical method Effect size
studies pants
1 Death (any) 1 45 Risk Ratio (M-H, Fixed, 95% Cl) 1.08 [0.75, 1.58]
Restricted versus liberal oxygen exposure for preventing morbidity and mortality in preterm or low birth weight infants (Review) 25
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Analysis 4.1. Comparison 4 Lower versus higher blood oxygen
levels (BW<1250g) in early neonatal period, Outcome 1 Death (any).

Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Usher 1973 17/23 15/22 . 100% 1.08[0.75,1.58]
Total (95% Cl) 23 22 * 100% 1.08[0.75,1.58]
Total events: 17 (Treatment), 15 (Control) ‘

Heterogeneity: Not applicable ‘

Test for overall effect: Z=0.42(P=0.67) ‘

Favours lower ~ 0.01 0.1 1 10 100 Favours higher

Comparison 5. Lower versus higher blood oxygen levels (all preterm/LBW infants) in later neonatal period

Outcome or subgroup title No. of No. of Statistical method Effect size
studies partici-
pants
1 Death 1 358 Risk Ratio (M-H, Fixed, 95% CI) 0.56[0.19, 1.64]
2 ROP (any stage) in survivors 1 358 Risk Ratio (M-H, Fixed, 95% CI) 0.95[0.76, 1.19]
3 ROP >Stage 2 in survivors 1 358 Risk Ratio (M-H, Fixed, 95% Cl) 1.29[0.77, 2.16]
4 ROP Stage 4 or 5 or blindnessin 1 358 Risk Ratio (M-H, Fixed, 95% Cl) 5.06 [0.60, 42.85]
survivors
5 Death or ROP >Stage 2 1 358 Risk Ratio (M-H, Fixed, 95% CI) 1.08[0.69, 1.68]
6 Death or ROP Stage 4 or 5 or 1 358 Risk Ratio (M-H, Fixed, 95% CI) 1.01[0.43,2.37]
blindness
7 Dependence on supplemental 1 358 Risk Ratio (M-H, Fixed, 95% Cl) 0.71[0.59, 0.87]
oxygen at 36 weeks of postmen-
strual age
8 Postnatal corticosteroids 1 358 Risk Ratio (M-H, Fixed, 95% Cl) 0.87[0.71, 1.05]
9 Diuretics for chronic lung dis- 1 358 Risk Ratio (M-H, Fixed, 95% Cl) 0.85[0.68, 1.05]
ease
10 Major developmental abnor- 1 334 Risk Ratio (M-H, Fixed, 95% CI) 1.04[0.71, 1.53]
mality at 12 months corrected
age
Restricted versus liberal oxygen exposure for preventing morbidity and mortality in preterm or low birth weight infants (Review) 26
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Analysis 5.1. Comparison 5 Lower versus higher blood oxygen levels
(all preterm/LBW infants) in later neonatal period, Outcome 1 Death.

Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Askie 2003 5/178 9/180 — 100% 0.56[0.19,1.64]
Total (95% ClI) 178 180 - 100% 0.56[0.19,1.64]

Total events: 5 (Treatment), 9 (Control)
Heterogeneity: Not applicable
Test for overall effect: Z=1.05(P=0.29)

Favours lower ~ 0.01 0.1 1 10 100 Favours higher

Analysis 5.2. Comparison 5 Lower versus higher blood oxygen levels (all preterm/
LBW infants) in later neonatal period, Outcome 2 ROP (any stage) in survivors.

Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Askie 2003 81/178 86/180 [ | 100% 0.95[0.76,1.19]
Total (95% CI) 178 180 # 100% 0.95[0.76,1.19]
Total events: 81 (Treatment), 86 (Control) ‘

Heterogeneity: Not applicable ‘

Test for overall effect: Z=0.43(P=0.67) ‘

Favours lower ~ 0.05 0.2 1 5 20 Favours higher

Analysis 5.3. Comparison 5 Lower versus higher blood oxygen levels (all preterm/
LBW infants) in later neonatal period, Outcome 3 ROP >Stage 2 in survivors.

Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Askie 2003 28/178 22/180 B 100% 1.29[0.77,2.16]
Total (95% Cl) 178 180 % 100% 1.29[0.77,2.16]
Total events: 28 (Treatment), 22 (Control) ‘

Heterogeneity: Not applicable ‘

Test for overall effect: Z=0.95(P=0.34) ‘

Favours lower ~ 0.01 0.1 1 10 100 Favours higher

Analysis 5.4. Comparison 5 Lower versus higher blood oxygen levels (all preterm/LBW
infants) in later neonatal period, Outcome 4 ROP Stage 4 or 5 or blindness in survivors.

Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Askie 2003 5/178 1/180 - B 100% 5.06[0.6,42.85]
Total (95% CI) 178 180 e 100% 5.06[0.6,42.85]
Favours lower ~ 0.01 0.1 1 10 100 Favours higher
Restricted versus liberal oxygen exposure for preventing morbidity and mortality in preterm or low birth weight infants (Review) 27
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Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Total events: 5 (Treatment), 1 (Control)
Heterogeneity: Not applicable
Test for overall effect: Z=1.49(P=0.14)

0.01 0.1 1 10 100

Favours lower Favours higher

Analysis 5.5. Comparison 5 Lower versus higher blood oxygen levels (all preterm/
LBW infants) in later neonatal period, Outcome 5 Death or ROP >Stage 2.

Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% Cl
Askie 2003 33/178 31/180 B 100% 1.08[0.69,1.68]
Total (95% CI) 178 180 L 2 100% 1.08[0.69,1.68]

Total events: 33 (Treatment), 31 (Control)
Heterogeneity: Not applicable
Test for overall effect: Z=0.33(P=0.75)

Favours lower 001 0.1

|
1 10 100 Favours higher

Analysis 5.6. Comparison 5 Lower versus higher blood oxygen levels (all preterm/
LBW infants) in later neonatal period, Outcome 6 Death or ROP Stage 4 or 5 or blindness.

Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Askie 2003 10/178 10/180 B 100% 1.01[0.43,2.37]
Total (95% Cl) 178 180 100% 1.01[0.43,2.37]

Total events: 10 (Treatment), 10 (Control)
Heterogeneity: Not applicable
Test for overall effect: Z=0.03(P=0.98)

Favours lower 001 0.1

T
|
\

10 100 Favours higher

Analysis 5.7. Comparison 5 Lower versus higher blood oxygen levels (all preterm/LBW infants) in later
neonatal period, Outcome 7 Dependence on supplemental oxygen at 36 weeks of postmenstrual age.

Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Askie 2003 82/178 116/180 . 100% 0.71[0.59,0.87]
Total (95% CI) 178 180 “ 100% 0.71[0.59,0.87]
Total events: 82 (Treatment), 116 (Control) ‘

Heterogeneity: Not applicable ‘

Test for overall effect: Z=3.42(P=0) ‘

Favours lower ~ 0.01 0.1 1 10 100 Favours higher
Restricted versus liberal oxygen exposure for preventing morbidity and mortality in preterm or low birth weight infants (Review) 28
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Analysis 5.8. Comparison 5 Lower versus higher blood oxygen levels (all preterm/

LBW infants) in later neonatal period, Outcome 8 Postnatal corticosteroids.

Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Askie 2003 89/178 104/180 . 100% 0.87[0.71,1.05]
Total (95% Cl) 178 180 q 100% 0.87[0.71,1.05]
Total events: 89 (Treatment), 104 (Control) ‘

Heterogeneity: Tau?=0; Chi*=0, df=0(P<0.0001); 1>=100% ‘

Test for overall effect: Z=1.47(P=0.14) ‘

Favours lower ~ 0.01 0.1 1 10 100 Favours higher

Analysis 5.9. Comparison 5 Lower versus higher blood oxygen levels (all preterm/
LBW infants) in later neonatal period, Outcome 9 Diuretics for chronic lung disease.

Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Askie 2003 78/178 93/180 [+] 100% 0.85[0.68,1.05]
Total (95% Cl) 178 180 q 100% 0.85[0.68,1.05]
Total events: 78 (Treatment), 93 (Control) ‘

Heterogeneity: Not applicable ‘

Test for overall effect: Z=1.48(P=0.14) ‘

Favours lower  0.01 0.1 1 10 100 Favours higher

Analysis 5.10. Comparison 5 Lower versus higher blood oxygen levels (all preterm/LBW infants) in
later neonatal period, Outcome 10 Major developmental abnormality at 12 months corrected age.

Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Askie 2003 40/166 39/168 . 100% 1.04[0.71,1.53]
Total (95% Cl) 166 168 * 100% 1.04[0.71,1.53]
Total events: 40 (Treatment), 39 (Control) ‘

Heterogeneity: Not applicable ‘

Test for overall effect: Z=0.19(P=0.85) ‘

Favours lower ~ 0.01 0.1 1 10 100 Favours higher

Comparison 6. Lower versus higher blood oxygen levels (<28 weeks GA) in later neonatal period

Outcome or subgroup title No. of No. of par-  Statistical method Effect size
studies ticipants
1 ROP Stage3or4 1 256 Risk Ratio (M-H, Fixed, 95% Cl) 1.42[0.85, 2.36]
2 Blindness 1 240 Risk Ratio (M-H, Fixed, 95% CI) 4.14[0.47, 36.46]
Restricted versus liberal oxygen exposure for preventing morbidity and mortality in preterm or low birth weight infants (Review) 29
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Analysis 6.1. Comparison 6 Lower versus higher blood oxygen levels
(<28 weeks GA) in later neonatal period, Outcome 1 ROP Stage 3 or 4.

Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Askie 2003 28/124 21/132 l 100% 1.42[0.85,2.36]
Total (95% Cl) 124 132 - 100% 1.42[0.85,2.36]
Total events: 28 (Treatment), 21 (Control) ‘

Heterogeneity: Not applicable ‘

Test for overall effect: Z=1.35(P=0.18) ‘

Favours lower ~ 0.01 0.1 1 10 100 Favours higher

Analysis 6.2. Comparison 6 Lower versus higher blood oxygen
levels (<28 weeks GA) in later neonatal period, Outcome 2 Blindness.

Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Askie 2003 4/118 1/122 e 100% 4.14[0.47,36.46]
Total (95% ClI) 118 122 ———— 100% 4.14[0.47,36.46]

Total events: 4 (Treatment), 1 (Control)
Heterogeneity: Not applicable
Test for overall effect: Z=1.28(P=0.2)

Favours lower ~ 0.01 0.1 1 10 100 Favours higher

WHAT'S NEW

Date Event Description

13 May 2009 Amended Minor amendment - References Watkin and Roemer added
HISTORY
Protocol first published: Issue 2, 1998
Review first published: Issue 2, 1999

Date Event Description

14 August 2008 New search has been performed This review updates the existing review "Restricted versus liberal

oxygen for preventing morbidity and mortality in preterm or low
birth weight infants" published in the Cochrane Database of Sys-
tematic Reviews.

This update includes an updated literature search, revised Back-
ground section including RLF/ROP cross-classification informa-
tion and references, revised data analysis with a new included

Restricted versus liberal oxygen exposure for preventing morbidity and mortality in preterm or low birth weight infants (Review) 30
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Date Event Description

study, updated Discussion and conclusion sections, updated in-
formation regarding ongoing clinical trials.

14 August 2008 New citation required but conclusions Substantive amendment
have not changed

25 January 2008 Amended Converted to new review format.

1 October 2003 New search has been performed This review updates the existing review "Restricted versus liber-
al oxygen for preventing morbidity and mortality in preterm or
low birth weight infants" which was published in the Cochrane
Library Issue 2,2001.

The background section has additional references; The STOP-
ROP 2000, trial previously listed as ongoing, has now been list-
ed as an excluded trial and will be included in another Cochrane
systematic review entitled "Supplemental oxygen in the treat-
ment of pre-threshold retinopathy of prematurity" (Lloyd J, Ask-
ie LM, Smith J, Tarnow-Mordi WO); a synopsis and a background
section to the abstract have also been added.

No new trials were identified as a result of the most recent
search, and hence no substantive changes have been made to ei-
ther the results or conclusions of the review.

CONTRIBUTIONS OF AUTHORS

Askie and Henderson-Smart developed the original protocol for this review, as well as doing the original literature searching, background,
data analysis, discussion and conclusions. Askie and Henderson-Smart also contributed to the updated version of the review. Ko updated
the review with an updated literature search, background with RLF/ROP cross-classification information and references, data analysis with
the new included trial, updated the discussion and conclusions, updated the information on the ongoing clinical trials, and created the
GRADE summary of findings tables which will be

included at a later date. Askie and Henderson-Smart reviewed this.

DECLARATIONS OF INTEREST

Askie and Henderson-Smart have conducted and published a randomized, controlled trial of the effect of higher vs. standard oxygen
saturation targeting on long-term growth and development of preterm infants.
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DIFFERENCES BETWEEN PROTOCOL AND REVIEW

In the original protocol, visual function was to be recorded only in the first year of life, but in the review it was expanded to measure long-
term visual function. The outcomes from long-term visual function observations fit well with the original protocol and subsequent review
outcome measures of long-term growth and neurodevelopment.

In the current review, results have been split into observations made in the early neonatal period of life and the later neonatal period
of life. This differentiation was not stated in the protocol. The splitting of the observations was due to the large time gap between when
infants commenced the different oxygen strategies: either early in the neonatal period (< 1 week) and later in the neonatal period (> 3
weeks postnatal age).
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As stated in the review, some long-term growth and development measures could not be measured due to no data being available for
those outcomes.
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[*physiology]; Oxygen [administration & dosage] [adverse effects] [*blood]; Partial Pressure; Randomized Controlled Trials as Topic;
Retinopathy of Prematurity [etiology]
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Humans; Infant, Newborn
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