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ABSTRACT

BACKGROUND

Physiological studies have shown that chronic hypoxemia may occur in preterm infants
who require supplemental oxygen for extended periods and that this hypoxemia may
contribute to poor growth and development. Anecdotal reports and uncontrolled ob-
servational studies have suggested that a higher oxygen-saturation range may be bene-
ficial in terms of growth and development.

METHODS

We conducted a multicenter, double-blind, randomized, controlled trial involving 358
infants born at less than 30 weeks of gestation who remained dependent on supplemen-
tal oxygen at 32 weeks of postmenstrual age. They were randomly assigned to a target
functional oxygen-saturation range of either 91 to 94 percent (standard-saturation
group) or 95 to 98 percent (high-saturation group); this target was maintained for the
duration of supplemental-oxygen therapy. The primary outcomes were growth and neu-
rodevelopmental measures at a corrected age of 12 months.

RESULTS

There were no significant differences between the groups in weight, length, or head cir-
cumference ata corrected age of 12 months. The frequency of major developmental ab-
normalities also did not differ significantly between the standard-saturation group and
the high-saturation group (24 percent and 23 percent, respectively, P=0.85). There were
six deaths due to pulmonary causes in the high-saturation group and one such death in
the standard-saturation group (P=0.12). The high-saturation group received oxygen for
a longer period after randomization (median, 40 days vs. 18 days; P<0.001) and had a
significantly higher rate of dependence on supplemental oxygen at 36 weeks of post-
menstrual age and a significantly higher frequency of home-based oxygen therapy.

CONCLUSIONS
Targeting a higher oxygen-saturation range in extremely preterm infants who were
dependent on supplemental oxygen conferred no significant benefit with respect to
growth and development and resulted in an increased burden on health services.
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MPROVED SURVIVAL OF EXTREMELY PRE-

term infants? has been associated with an in-

crease in the incidence of chronic lung disease
of infancy,? currently defined by a continued de-
pendence on supplemental oxygen at 36 weeks of
postmenstrual age.3# This increased incidence has
become a major clinical challenge, since chronic
lung disease has serious health consequences, in-
cluding poor growth,5:6 neurologic impairment,5-?
and pulmonary sequelae.58 These and other factors
may account for the higher reported health care
costs for these infants than for infants who do not
have chronic lung disease.®

Physiological studies have shown that infants
with chronic lung disease (also known as broncho-
pulmonary dysplasia) have higher rates of oxygen
consumption than infants without chronic lung dis-
ease,10 as well as lower base-line oxygen-saturation
levels, leading to more frequent episodes of desat-
uration.1%12 [n addition, observational studies have
suggested that preterm infants who receive greater
levels of oxygen supplementation, with either a
longer duration of treatment or a higher target
blood oxygen level, have improvements in sleep pat-
terns,13:14 growth, and neurodevelopmental out-
comes.15:16 Because of the uncontrolled nature of
the studies, it is not known whether these associa-
tions are causal.

A policy of routine targeting of higher oxygen-
saturation levels in preterm infants might result in
some substantial burdens for the health care system
and for parents, by increasing the duration of oxy-
gen therapy in the hospital and the frequency of the
need for home-based oxygen therapy. Despite some
potential costs and the lack of evidence of long-term
benefits, such policies are increasingly being im-
plemented in clinical practice.17-18 Data from ran-
domized, controlled trials are lacking,19:2° and the
question of the most appropriate oxygen-saturation
levels for preterm infants who require supplemental
oxygen remains controversial.21-23

We conducted the randomized, multicenter Ben-
efits of Oxygen Saturation Targeting (BOOST) trial
to determine whether maintaining the oxygen sat-
uration at a level higher than the standard range in
extremely preterm infants with a long-term depend-
ence on supplemental oxygen improves growth and
neurodevelopmental outcomes. Secondary aims
were to determine whether the higher oxygen-satu-
ration levels had other beneficial or adverse physi-
cal or psychosocial effects on infants or parents.

METHODS

CRITERIA FOR ELIGIBILITY

Infants born at less than 30 weeks of gestational
age (determined on the basis of the first day of the
mother’s last menstrual period, prenatal ultraso-
nography, or both or, if these data were not avail-
able, postnatal clinical assessment) who remained
dependent on supplemental oxygen (delivered by
any method and at any level) at 32 weeks of post-
menstrual age were eligible for enrollment. De-
pendence on supplemental oxygen at 32 weeks of
postmenstrual age, rather than 36 weeks, was used
as a criterion for inclusion because it was current
clinical practice to choose between the standard tar-
get range for oxygen saturation and a higher target
range at this point in the infant’s life. Criteria for ex-
clusion before randomization included major con-
genital abnormalities, major surgery or a severe in-
tracranial disorder diagnosed before 32 weeks of
postmenstrual age, and a multiple birth in which
three or more infants were eligible. The protocol al-
lowed for infants from multiple gestations resulting
in two eligible infants to be assigned to the same
treatment.

The institutional ethics committees of the eight
tertiary perinatal enrollment centers participating
in the study approved the trial protocol, and writ-
ten, informed consent was obtained from a par-
ent or guardian of each eligible infant. Infants
were enrolled between September 1996 and Sep-
tember 2000.

INTERVENTION AND BLINDING

Infants were randomly assigned to a target oxygen-
saturation range of either 91 to 94 percent (stand-
ard-saturation group) or 95 to 98 percent (high-sat-
uration group), as measured with a pulse oximeter
(model N-3000, Nellcor) whose algorithm assesses
functional oxygen saturation.24 Randomization was
stratified with the use of a dynamic balancing meth-
0d?5 to ensure a balance of treatment-group assign-
ments within each stratum defined according to
hospital, singleton or multiple birth, and gestation-
al age (22 to 27 weeks or 28 to 29 weeks). Central
telephone randomization ensured concealment of
the treatment-group assignments.

To make sure that the treatment-group assign-
ments were not revealed, the infants who under-
went randomization were assigned a specific study
oximeter, which after the calculation of the infant’s
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oxygen-saturation level in the usual manner, was
adjusted to display a value 2 percent higher than the
actual saturation in infants in the standard-satura-
tion group or 2 percent lower than the actual satu-
ration in infants in the high-saturation group. Staff
members and parents were then asked to target the
range of 93 to 96 percent for the infant’s oxygen
saturation, so that they remained unaware of the
actual ranges being targeted. Caregivers were aware
that they were using adjusted oximeters and that
they were participating in a trial, but they were not
aware of the offset level of the individual oximeter.
Double-blind targeting of the assigned saturation
range was maintained for the duration of the in-
fant’s oxygen therapy either in the hospital (in both
the enrollment center and other hospitals if neces-
sary) or at home.

Dependence on supplemental oxygen was de-
fined by the continuing need for oxygen therapy in
order to maintain the double-blind target oxygen-
saturation range of 93 to 96 percent, as measured
by the assigned study oximeter. The frequency of
monitoring of the saturation (continuous or inter-
mittent), the settings for limits that were to trigger
alarms, and the criteria for titrating the amount of
ambient oxygen delivered or for ceasing delivery
were determined by the attending clinicians and
were not specified by the trial protocol.

ADHERENCE TO THE PROTOCOL

Compliance with the double-blind target oxygen-
saturation range of 93 to 96 percent was assessed
with the use of twice-weekly downloading of each
infant’s oxygen-saturation data, and a report on the
distribution of the double-blind saturation levels
was placed in the case notes. Clinicians and parents
were allowed to violate the protocol either tempo-
rarily or permanently if they believed that the in-
fant’s condition warranted high-saturation oxygen
therapy — for instance, because of serious intercur-
rent illness, as treatment for prethreshold retinop-
athy of prematurity, or during surgery.

PRIMARY OUTCOMES

The primary outcomes assessed at a corrected age
of one year (the chronologic age plus the number of
weeks of prematurity) included growth, in terms of
the mean weight, the mean length, the mean head
circumference, and the proportion of infants with
aweight below the 10th percentile,2¢ and the pres-
ence of a major developmental abnormality, defined

as blindness, cerebral palsy, or a score on the revised
Griffiths Mental Developmental Scales that was
more than 2 SD below the mean (general quotient,
<77).27 Blindness was defined as a visual acuity in
both eyes of less than 6/60.28 Cerebral palsy was di-
agnosed if the child had nonprogressive motor im-
pairment characterized by abnormal muscle tone
and a decreased range or decreased control of move-
ments, accompanied by neurologic signs.2°

SECONDARY OUTCOMES

The secondary outcomes included the effect of the
treatment-group assignment on the duration of
oxygen therapy, the duration of assisted ventilation
and of the hospital stay, and the frequency of home-
based oxygen therapy. Parental stress and parent—
infant interaction were assessed by means of vali-
dated scales (the Edinburgh Postnatal Depression
Scale,3° the Infant Temperament Questionnaire,31
the Toddler Temperament Scale,32 the Parenting
Stress Index, Short Form,33 and the Impact-on-
Family Scale34). Retinopathy of prematurity was as-
sessed by routine ophthalmic examinations at two-
week intervals from enrollment until the resolution
of retinopathy, with grading according to the Inter-
national Classification of Retinopathy of Prematu-
rity.35 Reports by the parents on the use of health
services and rehospitalizations during the first year
of life were obtained through quarterly telephone
contact by the research nurses, and rehospitaliza-
tions were confirmed through a review of the med-
ical records. Causes of death were classified accord-
ing to the codes of the International Classification of
Diseases, Ninth Revision,3¢ and confirmed on the ba-
sis of the hospital discharge summary, a postmor-
tem examination report, a coroner’s report, or a
death certificate.

STATISTICAL ANALYSIS

All data analyses were performed according to the
intention-to-treat principle. For continuous data,
the treatment effect was calculated by subtracting
the value for the standard-saturation group from the
value for the high-saturation group, with results for
normally distributed data presented as means +SD
and results for non—normally distributed data pre-
sented as medians with interquartile ranges. Differ-
ences between the two groups were assessed with
the use of Student’s t-test or the Mann-Whitney
U test and are expressed as mean or median differ-
ences, respectively, with 95 percent confidence in-
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tervals. For categorical data, the chi-square test was
used, and the treatment effects are expressed as
relative risks in the high-saturation group as com-
pared with the standard-saturation group, with 95
percent confidence intervals. For analyses involving
small numbers of events, Fisher’s exact test was
used, and exact confidence intervals were calculated
for odds ratios, as approximate relative risks. All
P values are two-sided and have not been adjusted
for multiple testing or for correlation between the
outcomes in siblings, since only 25 pairs of siblings
were included (a total of 50 infants), representing
14 percent of the infants, and they were distributed
approximately equally between the two groups.
The required sample size was calculated to en-
sure detection of clinically important effects on the
primary outcomes: a reduction from the base-line
estimate of 47 percent to 30 percent in the propor-
tion of infants with a weight below the 10th percen-
tileata corrected age of 12 months, and a reduction
in the frequency of major developmental abnormal-
ities from 23 percent to 12 percent.37 To achieve 80
percent power with a two-sided alpha level of 0.05
and a 1:1 ratio of infants in the two groups, approx-
imately 150 infants were required in each group.

Table 1. Base-Line Characteristics of the Infants and Mothers.*
Standard-  High-
Saturation Saturation
Group Group
Characteristic (N=178) (N=180)
Birth weight — g 918+229  916+231
Gestational age at birth — wk 26.6£1.7  26.5:1.6
<28 Wk of gestation at birth — no. (%) 124 (70) 132 (73)
Male sex — no. (%) 92 (52) 97 (54)
Singleton birth — no. (%) 133 (75) 129 (72)
Born in tertiary care center — no. (%) 163 (92) 172 (96)
Surfactant treatment — no. (%) 138 (78) 137 (76)
Patent ductus arteriosus — no. (%) 94 (53) 91 (51)
Total duration of parenteral nutrition — days
135 13.0

Interquartile range 9.0-20.0  9.0-20.0
Antenatal corticosteroids — no. (%) 148 (83) 149 (83)
Score on the Edinburgh Postnatal Depression Scalej 10.7+£5.7  10.0+5.3
Maternal educational level >high school — no. (%) 60 (34) 64 (36)
Maternal occupation scorei: 4.5+1.4 4.6+1.3

3

Plus—minus values are means +SD.
i Scores range from 0 to 30, with higher scores indicating greater severity of de-

pressive symptoms.3°

: Data are the scores on Daniel’s occupation scale38; scores range from 1 to 7,

with lower scores indicating higher occupational prestige.
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An independent safety monitoring committee,
comprising a pediatric ophthalmologist, a neo-
natologist, and a pediatric respiratory physician—
epidemiologist, all of whom were unaware of the
treatment-group assignments, assessed adverse
outcomes, including death, at five prespecified time
points. The stopping rules were never breached.

RESULTS

PARTICIPANTS

Of the 703 infants who were eligible during the en-

rollment period, 158 met the criteria for exclusion

before randomization. A total of 187 of the remain-

ing 545 eligible infants were not enrolled (consent
was not obtained for 122 infants, and the parent or
guardian was not approached for 65 infants). There

were 333 infants who underwent individual ran-

domization, and an additional 25 eligible multiples

were assigned to the same group as their sibling, for
atotal of 358 individual infants receiving one of the

two treatments for whom outcomes were analyzed.

A total of 178 infants were assigned to the stand-

ard-saturation group (target oxygen saturation, 91

to 94 percent) and 180 to the high-saturation group

(target oxygen saturation, 95 to 98 percent). The two

groups were well balanced in terms of the base-line

characteristics of the infants and the mothers (Ta-

ble 1). The intervention continued for a median of
17.5 days (interquartile range, 7.0 to 41.0) in the

standard-saturation group and 40.0 days (interquar-

tile range, 20.5 to 73.0) in the high-saturation group

(P<0.001).

ADHERENCE TO THE PROTOCOL

Figure 1 shows the two distributions of the actual
saturation levels. The median for each group was
within the desired target range. Permitted protocol
violations for open targeting of the oxygen satura-
tion occurred relatively infrequently (on 54 occa-
sions), generally for short periods (median, 7 days;
interquartile range, 3 to 17), and the occurrences
were equally distributed between the two groups.

PRIMARY OUTCOMES

The rate of ascertainment of primary outcomes was
93 percent in the standard-saturation group (165 of
178 infants) and 93 percent in the high-saturation
group (168 of 180 infants). The median age at the
assessment of the primary outcomes did not differ
between the two groups (a corrected age of 12.1
months [interquartile range, 11.8 to 12.7] in the
standard-saturation group and a corrected age of

N ENGL J MED 349;10 WWW.NEJM.ORG SEPTEMBER 4, 2003

Downloaded from www.nejm.org on December 5, 2008 . For personal use only. No other uses without permission.
Copyright © 2003 Massachusetts Medical Society. All rights reserved.



OXYGEN-SATURATION TARGETS IN EXTREMELY PRETERM INFANTS

154
o
= 4
4 10+
o
on Standard- /
Tt 5 saturation High-
8 /- i
s saturation
a - group

—
o T T "7 T T
80 85 90 95 100

Oxygen Saturation on Pulse Oximetry (%)

Figure 1. Smoothed Frequency Distribution of Actual
Oxygen-Saturation Values on Pulse Oximetry during
Oxygen Therapy after Randomization.

The saturation values were sampled every 10 seconds
during intermittent downloads performed approximate-

ly twice weekly and lasting 8 to 24 hours each. The medi-

an oxygen saturation was 93 percent in the standard-
saturation group (interquartile range, 90 to 96) and 97
percent in the high-saturation group (interquartile
range, 94 to 98).

12.2 months [interquartile range, 11.9 to 12.9] in
the high-saturation group).

There were no significant differences between
the two groups in the mean weight, length, or head
circumference at 38 weeks of postmenstrual age
(Table 2). In addition, at a corrected age of 12
months, there were no significant differences in the
measurements of weight, length, or head circum-
ference; the proportion of infants who were small
for their age; or the proportion of infants with a ma-
jor developmental abnormality (Table 2). Our data
also showed no significant difference between the
two groups in the frequency of developmental
scores that were more than 1 SD but less than 2 SD
below the mean (relative risk associated with the
higher oxygen-saturation target, 1.08; 95 percent
confidence interval, 0.69 to 1.69; P=0.70). When
the primary outcomes were examined in the sub-
group of 256 infants born before 28 weeks of ges-
tation, the differences between the two treatment
groups remained nonsignificant and were similar

Table 2. Measures of Growth and Development.*

Standard- High- Relative Risk
Saturation ~ Saturation  Mean Difference or Odds Ratio
Outcome Group Group (95% Cl) (95% Cl) P Value
38 Wk of postmenstrual age
Weight — g 2345+429 2369+428 24.0 (-66to113) 0.60
Length —cm 44.2+3.2 44.2+3.2 0.0 (-0.6t00.7) 1.00
Head circumference — cm 33.1£2.2 32919 -0.2 (-0.7t00.2) 0.26
12 Mo of corrected age
Weight — kg 9.10£1.5 9.25£1.6 0.15 (-0.2 t0 0.5) 0.33
Length — cm 740£39  741x41 01 (-0.8t01.0) 0.77
Head circumference — cm 46.3+2.0 46.3+1.9 0.0 (-0.4to 0.4) 1.00
Weight below 10th percentile — 61/165 (37) 55/168 (33) 0.89 (0.66t01.19)  0.42
no./total no. (%)
Length below 10th percentile — 42/162 (26) 41/164 (25) 0.96 (0.67t0 1.40)  0.85
no./total no. (%)
Head circumference below 3rd 5/165 (3) 8/165 (5) 1.63 (0.46 to 6.47) 0.57
percentile — no./total no. (%)
Major developmental abnormality —  40/166 (24) 39/168 (23) 0.96 (0.66 to 1.42) 0.85

no./total no. (%)

* Plus—minus values are means +SD. Denominators are the numbers of infants for whom growth measures or major de-
velopmental abnormalities could be assessed at 12 months of corrected age. Cl denotes confidence interval.

T The value for a head circumference below the 3rd percentile is an odds ratio; other values are relative risks.

I Major developmental abnormalities were blindness, cerebral palsy, or a general quotient on the revised Griffiths Mental
Developmental Scales that was more than 2 SD below the mean.
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in magnitude to those in the whole cohort (data not
shown).

SECONDARY OUTCOMES

The proportion of infants who were still dependent
on supplemental oxygen at 36 weeks of postmen-
strual age was 46 percent in the standard-saturation
group and 64 percent in the high-saturation group
(P<0.001) (Table 3). Similarly, the proportion of in-
fants requiring home-based oxygen therapy was sig-

nificantly lower in the standard-saturation group
than in the high-saturation group (17 percentvs. 30
percent, P=0.004) (Table 3). The duration of oxygen
supplementation was significantly higher in the
high-saturation group: the postmenstrual age at
the cessation of oxygen therapy was 35.4 weeks in
the standard-saturation group and 37.9 weeks in the
high-saturation group (P<0.001) (Table 3). There
were no significant differences between the two
groups in the median total duration of assisted ven-

Table 3. Rates of Adverse Outcomes among the Infants.*

Standard-
Saturation
Group
Outcome (N=178)
Dependence on supplemental oxygen at 36 82 (46)
wk of postmenstrual age — no. (%)
Home-based oxygen therapy — no. (%) 30 (17)

Duration of oxygen therapy after
randomization — days
Median 17.5

Interquartile range 7.0t0 41.0
Postmenstrual age at cessation of oxygen
therapy — wk
Median 35.4
Interquartile range 33.4t039.7

Duration of assisted ventilation after
randomization — days
Median 14.0
Interquartile range 7.0to0 28.0

Postnatal corticosteroids — no. (%) 89 (50)
Diuretics for chronic lung disease — no. (%) 78 (44)

Length of hospital stay after randomization

— days
Median 50.0
Interquartile range 39.0to0 60.0
Postmenstrual age at discharge from hospital
— wk
Median 39.1
Interquartile range 37.4t040.4
Postmenstrual age at time of fully oral feeding
— wk
Median 37.7
Interquartile range 36.6t0 39.0
Worst retinopathy of prematurity — no. (%)
<Stage 3 150 (84)
Stage 3 or 4 28 (16)

Ablative retinal surgery for severe retinopathy 20 (11)
of prematurity — no. (%)

Death (after randomization) — no. (%) 5(3)

High-
Saturation Relative Risk
Group or Odds Ratio  Median Difference
(N=180) (95% Cl) (95% Cl) P Value
116 (64) 1.40 (1.15 to 1.70) <0.001
54 (30) 1.78 (1.20 to 2.64) 0.004
17 (12 to 23) <0.001
40.0
20.5to0 73.0
23 (13t03.3)  <0.001
37.9
354t045.1
0 (-4to 4) 0.95
14.0
6.0 to 35.0
104 (58) 1.16 (0.95 to 1.40) 0.14
93 (52) 1.18 (0.95 to 1.47) 0.14
2 (-1to05) 0.24
50.0
42.0to 61.5
0.29 (-0.14t0 0.86) 0.15
39.1
37.9 to 40.8
0.00 (-0.43t0 0.43)  0.91
37.7
36.4t0 38.9
158 (88) 1.04 (0.96 to 1.13) 0.34
22 (12) 0.78 (0.46 to 1.31) 0.34
11(6)  0.54 (0.27 to 1.10) 0.09
9(5) 1.82(0.53 to 7.05) 0.41

* Cl denotes confidence interval.

7 The value for death is an odds ratio; all other values are relative risks.
i Data are for infants who underwent cryotherapy or laser therapy for threshold retinopathy of prematurity, usually stage 3
with dilatation of the posterior retinal vessels (referred to as “plus” disease).
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tilation after randomization, the rate of use of post-
natal corticosteroids or diuretics, the length of the
hospital stay after randomization, the postmen-
strual age at discharge, or the time before the infant
was able to be fed entirely orally (Table 3).

There were no significant differences between
the groups in the rates of retinopathy of prematurity
of any stage or in the frequency of the need for ab-
lative retinal surgery (in 20 of 178 infants in the
standard-saturation group [11 percent] and 11 of
180 infants in the high-saturation group [6 percent],
P=0.09) (Table 3). All the infants who underwent
ablative retinal surgery were born before 28 weeks of
gestation, and all but one of these infants retained
vision in at least one eye. The rate of ablative retinal
surgery among infants born before 28 weeks of ges-
tation was 16 percent (20 of 124 infants) in the
standard-saturation group and 8 percent (11 of 132
infants) in the high-saturation group (relative risk,
0.52; 95 percent confidence interval, 0.26 to 1.03;
P=0.006).

There was no significant difference between the
two groups in the number of infants who died: five
infants in the standard-saturation group and nine
in the high-saturation group (Table 3). Of these

deaths, one in the standard-saturation group was
due to pulmonary causes, as compared with six in
the high-saturation group (P=0.12). The number of
infants who were rehospitalized and the number of
health service visits per infant during the first year
of life did not differ significantly according to the
treatment group (Table 4). There were also no sig-
nificant differences between the two groups in the
measures of maternal postnatal depression, infant
or toddler temperament, parental stress, or effects
on the family (Table 4). Follow-up rates for these
tests ranged from 71 to 77 percent.

DISCUSSION

Our double-blind, randomized trial showed no evi-
dence that the targeting of a functional oxygen-sat-
uration range of 95 to 98 percent rather than a range
0f 91 to 94 percent had a beneficial effect on growth
or development in preterm infants with a long-term
dependence on supplemental oxygen. The targeting
of higher oxygen-saturation levels resulted in a 40
percent increase in the proportion of infants who
were still receiving oxygen therapy at 36 weeks of
postmenstrual age and a 78 percent increase in the

Table 4. Use of Health Services in the First Year of Life and Psychosocial Measures in Parents and Infants.*

No. of health service visits/infant
Median 27.5
Interquartile range

Scores on psychosocial measuresi

Edinburgh Postnatal Depression Scale 5.9+5.1
(mother)

Infant Temperament Scale 2.3x0.7

Toddler Temperament Scale 3.2+0.6

Parenting Stress Index, Short Form 71.7+20.6

Impact-on-Family Scale 40.0£11.0

Standard- High- Difference

Saturation  Saturation Relative Risk between Groups P
Outcome Group Group (95% Cl) (95% CI)7 Value
Infant rehospitalized — no./total no. (%) 82/171 (48) 92/170 (54) 1.13 (0.92to 1.39) 0.34

25.1t030.4 27.3t034.8

3.8(-0.8t08.5) 0.11
313

6.5:4.8 06 (-0.6t01.8) 032
2.4x0.7 0.1(0.0t003) 0.06
3.1:0.6 -0.1(-0.2t00.1) 0.59
72.9+21.1 1.2 (-3.9t06.3) 0.65
39.8+11.7 -0.2(-3.0t02.6) 0.89

* Plus—minus values are means +SD. Scores on the Edinburgh Postnatal Depression Scale3° range from 0 to 30, with high-
er scores indicating a greater severity of depressive symptoms. Scores on the Infant Temperament Scale3! range from
1 to 6, with a mean (+SD) of 2.5+0.64; higher scores indicate a more difficult temperament. Scores on the Toddler Tem-
perament Scale32 range from 1 to 6, with a mean of 3.46+0.62; higher scores indicate a more difficult temperament.
Scores on the Parenting Stress Index, Short Form,33 range from 32 to 160, with a median of 69 (interquartile range, 61 to
79); higher scores indicate greater parental stress. Scores on the Impact-on-Family Scale34 range from 19 to 76, with a
mean of 46.2+7.6; higher scores indicate increased effects on the family. Cl denotes confidence interval.

T The mean difference is shown for scores on psychosocial measures; the median difference is shown for health service

visits.

I The score on the Infant Temperament Scale was obtained at 4 months of corrected age; scores on the other measures

were obtained at 12 months of corrected age.
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proportion receiving supplemental oxygen after dis-
charge. Hence, one could expect one additional case
of home-based oxygen therapy for every eight in-
fants treated if higher target ranges for the oxygen
saturation were used routinely.

The finding that oxygen therapy was required
for a longer period in the high-saturation group
might simply be explained by the fact that a higher
target saturation had to be reached for oxygen ther-
apy to be discontinued. However, a higher target
oxygen saturation may also be associated with po-
tential pulmonary toxicity. The unexpected finding
of excess deaths from pulmonary causes among in-
fants in the high-saturation group — albeit not sta-
tistically significant — accords with the findings of
the only other trial in which preterm infants were
randomly assigned to different target oxygen-satu-
ration ranges, the Supplemental Therapeutic Oxy-
gen for Prethreshold Retinopathy of Prematurity
(STOP-ROP) trial.39 That trial showed an increased
rate of adverse pulmonary sequelae (although not
an increased rate of death due to pulmonary causes)
among preterm infants with prethreshold retinop-
athy of prematurity when a higher oxygen-satura-
tion range was targeted.

Oxygen toxicity, particularly in preterm infants,
can inhibit lung healing and contribute to ongoing
lung injury.4° In our trial, infants who were still de-
pendent on supplemental oxygen at 36 weeks of
postmenstrual age or before discharge did not rou-
tinely have oxygen-saturation data collected after a
room-air breathing test, and we do not have infor-
mation on the proportion of infants in the high-
saturation group who would not have required oxy-
gen had their oxygen-saturation target been lower.
Thus, the cause of the greater oxygen requirement
in the high-saturation group remains uncertain.

Although our trial did not have the statistical
power to detect differences in secondary eye-related
outcomes, the effect of different target oxygen-sat-
uration ranges on retinopathy of prematurity is of
interest, since infants were randomly assigned to
the different treatments at 32 weeks of postmenstru-
al age, before threshold retinopathy of prematurity
usually develops. The results of both the STOP-ROP
trial and our trial suggest the possibility that the
need for ophthalmic intervention may be reduced
when a higher oxygen-saturation range is targeted
in a subgroup of extremely preterm infants with
more severe eye disease. However, the differences
between the treatment groups were not significant
atthe P<0.05 level in our subgroup analysis, and this
hypothesis requires confirmation in larger studies.

Our trial addressed only the question of the ef-
fects of two different target oxygen-saturation rang-
es in preterm infants who remained dependent on
supplemental oxygen after 32 weeks of postmen-
strual age. Hence, these results should not be ex-
trapolated to practice recommendations for preterm
infants at earlier postmenstrual ages. The question
of the most appropriate oxygen-saturation range
for preterm infants treated sooner after birth can be
answered only in the context of further large, well-
designed, randomized trials with good long-term
follow-up.21

A possible limitation of the study is that the du-
ration of follow-up may not have been sufficiently
long to allow us to detect other clinically important
outcomes, such as minor disabilities that may be-
come manifest later in childhood. We found no sig-
nificant difference in the rates of developmental
scores that were more than 1 SD but less than 2 SD
below the mean — an outcome that may be a surro-
gate for later minor disability.41

The results of this randomized trial contradict
observational reports suggesting that there are ben-
efits of the routine targeting of higher oxygen-satu-
ration levels in preterm infants with a long-term de-
pendence on supplemental oxygen.13-16¢ We found
no evidence of beneficial effects of higher oxygen-
saturation levels on growth or neurodevelopmen-
tal outcomes in these infants, butwe did find an in-

creased burden on health services.

Supported by the National Health and Medical Research Council
of Australia (grants 960876 and 991030 to Drs. Henderson-Smart,
Irwig, and Simpson and Public Health Postgraduate Research Schol-
arship 997549 to Dr. Askie); the Financial Markets Foundation for
Children, Australia (funding to Drs. Henderson-Smart, Irwig, and
Simpson); and the Centre for Perinatal Health Services Research,
University of Sydney, Sydney, Australia.

We are indebted to the following institutions and persons for
their important contributions to the trial: research nurses —R. Jones,
K. Smith, V. Geeves; scientific advisors —J. Sinclair, W. Silverman,
D. Phelps, S. Kidd, E. Hey; associate investigators — A. Shiell, E. Bill-
son, L. Sutton; software developers — G. Malcolm, O. Jenkins; ran-
domization center —J. Brighton, V. Gebski; safety monitoring com-
mittee — C. Mellis, A. Berry, E. Martin; data support — B. Bajuk; D.
Donoghue, N. Nassar, J. Hutchinson, T. Park; Canberra Hospital —
G. Reynolds, H. Cox, B. Dromgool, J. Edwards, P. Johnson; John
Hunter Hospital — A. Gill, S. Wooderson, M. Giles, A. Vimpani, R.
Glover; King George V Hospital — N. Evans, J. Davey, K. Watson, J.
Madigan, S. Reid, I. Rieger; Liverpool Hospital —R. Guaran, R. To-
biansky, I. Callander, R. Gibson, K. Medlin, S. Wilson, J. Stack; Mat-
er Mothers Hospital — P. Gray, J. Hegarty, A. Shearman, Y. Rogers,
D. Tudehope, M. O’Callaghan; Nepean Hospital — L. Downe, R.
Koppen, M. Chin, M. Donald, D. Rose; Royal Hospital for Women
— K. Lui, S. Wise, D. Cameron; Royal North Shore Hospital — J.
Bowen, L. Grant, P. Ma, V. Galimore, F. Gibson; to Nellcor Puritan
Bennett for assistance with the adjustment of the study oximeters; to
the 333 families for their participation in the trial; and to all the oth-
er clinical staff members involved in the study for their support,
time, and enthusiasm.

N ENGL J MED 349;10 WWW.NEJM.ORG SEPTEMBER 4, 2003

Downloaded from www.nejm.org on December 5, 2008 . For personal use only. No other uses without permission.

Copyright © 2003 Massachusetts Medical Society. All rights reserved.



OXYGEN-SATURATION TARGETS IN EXTREMELY PRETERM INFANTS

REFERENCES

1. Hack M, Fanaroftf AA. Outcomes of chil-
dren of extremely low birthweight and ges-
tational age in the 1990s. Semin Neonatol
2000;5:89-106.

2. Stevenson DK, Wright LL, LemonsJA, et
al. Very low birth weight outcomes of the
National Institute of Child Health and Hu-
man Development Neonatal Research Net-
work, January 1993 through December 1994.
Am]J Obstet Gynecol 1998;179:1632-9.

3. Shennan AT, Dunn MS, Ohlsson A, Len-
nox K, Hoskins EM. Abnormal pulmonary
outcomes in premature infants: prediction
from oxygen requirement in the neonatal
period. Pediatrics 1988;82:527-32.

4. Jobe AH, Bancalari E. Bronchopulmo-
nary dysplasia. Am J Respir Crit Care Med
2001;163:1723-9.

5. Vohr BR, Coll CG, Lobato D, Yunis KA,
O’Dea C, Oh W. Neurodevelopmental and
medical status of low-birthweight survivors
of bronchopulmonary dysplasia at 10 to 12
years of age. Dev Med Child Neurol 1991;33:
690-7.

6. Sauve RS, Singhal N. Long-term mor-
bidity of infants with bronchopulmonary
dysplasia. Pediatrics 1985;76:725-33.

7. Skidmore MD, Rivers A, Hack M. In-
creased risk of cerebral palsy among very
low-birthweight infants with chronic lung
disease. Dev Med Child Neurol 1990;32:
325-32.

8. Gregoire MC, Lefebvre F, Glorieux J.
Health and developmental outcomes at 18
months in very preterm infants with bron-
chopulmonary dysplasia. Pediatrics 1998;
101:856-60.

9. Chye JK, Gray PH. Rehospitalization
and growth of infants with bronchopulmo-
nary dysplasia: a matched control study.
J Paediatr Child Health 1995;31:105-11.

10. Weinstein MR, Oh W. Oxygen con-
sumption in infants with bronchopulmo-
nary dysplasia. J Pediatr 1981;99:958-61.

11. Sekar KC, Duke JC. Sleep apnea and hy-
poxemia in recently weaned premature in-
fants with and without bronchopulmonary
dysplasia. Pediatr Pulmonol 1991;10:112-6.
12. Singer L, Martin RJ, Hawkins SW, Ben-
son-Szekely LJ, Yamashita TS, Carlo WA.
Oxygen desaturation complicates feeding in
infants with bronchopulmonary dysplasia
after discharge. Pediatrics 1992;90:380-4.
13. Harris MA, Sullivan CE. Sleep pattern
and supplementary oxygen requirements in
infants with chronic neonatal lung disease.
Lancet 1995;345:831-2.

14. Simakajornboon N, Beckerman RC,

N ENGL J MED 349;10 WWW.NEJM.ORG

Downloaded from www.nejm.org on December 5, 2008 . For personal use only. No other uses without permission.

Mack C, Sharon D, Gozal D. Effect of sup-
plemental oxygen on sleep architecture and
cardiorespiratory events in preterm infants.
Pediatrics 2002;110:884-8.

15. Groothuis JR, Rosenberg AA. Home ox-
ygen promotes weight gain in infants with
bronchopulmonary dysplasia. Am J Dis
Child 1987;141:992-5.

16. Hudak BB, Allen MC, Hudak ML,
Loughlin GM. Home oxygen therapy for
chronic lung disease in extremely low-birth-
weight infants. Am J Dis Child 1989;143:
357-60.

17. Ellsbury DL, Acarregui MJ, McGuinness
GA, Klein JM. Variability in the use of sup-
plemental oxygen for bronchopulmonary
dysplasia. J Pediatr 2002;140:247-9.

18. Solis A, Harrison G, Shaw BN. Assess-
ing oxygen requirement after discharge in
chronic lung disease: a survey of current
practice. EurJ Pediatr 2002;161:428-30.

19. Askie LM, Henderson-Smart DJ. Re-
stricted versus liberal oxygen exposure for
preventing morbidity and mortality in pre-
term or low birth weight infants. Cochrane
Database Syst Rev 2001;4:CD001077.

20. Duc G, Sinclair JC. Oxygen administra-
tion. In: Sinclair JC, Bracken MB, eds. Effec-
tive care of the newborn infant. Oxford,
England: Oxford University Press, 1992:
178-99.

21. Tin W. Oxygen therapy: 50 years of un-
certainty. Pediatrics 2002;110:615-6.

22. McIntosh N. High or low oxygen satura-
tion for the preterm baby. Arch Dis Child Fe-
tal Neonatal Ed 2001;84:F149.

23. Saugstad OD. Is oxygen more toxic than
currently believed? Pediatrics 2001;108:
1203-5.

24. Foster], Todd DA, Bidewell J, Askie LM.
Pulse oximetry measures compared for neo-
nates <28 weeks’ gestation. Neonat Paediatr
Child Health Nurs 2002;5:5-10.

25. Signorini DF, Leung O, Simes RJ, Beller
E, Gebski VJ, Callaghan T. Dynamic bal-
anced randomization for clinical trials. Stat
Med 1993;12:2343-50.

26. Hamill PVV. NCHS growth curves for
children: birth-18 years, United States. Vital
and health statistics. Series 11. No. 165.
Hyattsville, Md.: National Center for Health
Statistics, 1977. (DHEW publication no.
(PHS) 78-1650.)

27. Griffiths R, Huntley M. The Griffiths
Mental Development Scales: from birth to
2 years. Manual: the 1996 revision. London:
Association for Research in Infantand Child
Development, 1996.

28. Doyle LW. Outcome to five years of age
of children born at 24-26 weeks’ gestational
age in Victoria. Med J Aust 1995;163:11-4.
29. Kitchen W, Ford G, Orgill A, et al. Out-
come in infants of birth weight 500 to 999 g:
a continuing regional study of 5-year-old
survivors. J Pediatr 1987;111:761-6.

30. CoxJL, Holden JM, Sagovsky R. Detec-
tion of postnatal depression: development
of the 10-item Edinburgh Postnatal De-
pression Scale. Br J Psychiatr 1987;150:
782-6.

31. Carey WB, McDevitt SC. Revision of the
Infant Temperament Questionnaire. Pediat-
rics 1978;61:735-9.

32. Sewell]J, Oberklaid F, Prior M, Sanson A,
Kyrios M. Temperament in Australian tod-
dlers. Aust Paediatr 1988;24:343-5.

33. Parenting Stress Index: short form.
Odessa, Fla.: Psychological Assessment Re-
sources, 1995.

34. Stein RE, Riessman CK. The develop-
ment of an impact-on-family scale: prelimi-
nary findings. Med Care 1980;18:465-72.
35. International Committee for Classifica-
tion of ROP. An international classification
of retinopathy of prematurity. Pediatrics
1984;74:127-33.

36. The international classification of dis-
eases, 9th rev., clinical modification: ICD-9-
CM: annotated. Vol. 1. Diseases: tabular list.
Ann Arbor, Mich.: Commission on Profes-
sional and Hospital Activities, 1986.

37. Neonatal Intensive Care Study Group,
NSW Perinatal Services Network. New
South Wales neonatal intensive care units
data collection 1993. NSW public health
bulletin supplement. No. 2. Sydney, Austral-
ia: NSW Health Department, 1997. (State
health publication no. (ESB) 97-0084.)

38. Daniel AE. Power, privilege and pres-
tige: occupations in Australia. Melbourne,
Australia: Longman Cheshire, 1983.

39. Supplemental Therapeutic Oxygen for
Prethreshold Retinopathy of Prematurity
(STOP-ROP), a randomized, controlled tri-
al. I. Primary outcomes. Pediatrics 2000;
105:295-310.

40. Weinberger B, Laskin DL, Heck DE,
Laskin JD. Oxygen toxicity in premature in-
fants. Toxicol Appl Pharmacol 2002;181:60-
7.

41. Bowen JR, Gibson FL, Leslie GI, Arnold
JD, Ma PJ, Starte DR. Predictive value of the
Griffiths assessment in extremely low birth-
weightinfants. ] Paediatr Child Health 1996;
32:25-30.

Copyright © 2003 Massachusetts Medical Society.

SEPTEMBER 4, 2003

Copyright © 2003 Massachusetts Medical Society. All rights reserved.

967



