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Abstract

Objective—To test whether infants randomized to a lower oxygen saturation (SpO5) target range
while on supplemental oxygen from birth will have better growth velocity from birth to 36 weeks

postmenstrual age (PMA), and less growth failure at 36 weeks PMA and 18-22 months corrected

age.

Study design—We evaluated a subgroup of 810 preterm infants from the Surfactant, Positive
Pressure, and Oxygenation Randomized Trial, randomized at birth to lower (85-89%, n=402, GA
26 + 1wk, BW 839 £ 186 g) or higher (91-95%, n=408, GA 26 + 1wk, BW 840 + 191 g) SpO2
target ranges. Anthropometric measures were obtained at birth, postnatal days 7, 14, 21, and 28;
then at 32 and 36 weeks PMA, and 18-22 months corrected age. Growth velocities were estimated
using the exponential method and analyzed using linear mixed models. Poor growth outcome,
defined as weight < 10t percentile at 36 weeks PMA and 18-22 months corrected age, was
compared across the two treatment groups using robust Poisson regression.

Results—Growth outcomes including growth at 36 weeks PMA and 18-22 months corrected
age, as well as growth velocity were similar in the lower and higher SpO2 target groups.

Conclusion—Targeting different oxygen saturation ranges between 85% and 95% from birth did
not impact growth velocity or reduce growth failure in preterm infants.

The improved survival of extremely low gestational age infants highlights the significant
incidence of growth restriction seen around the age of term equivalence (1), which persists
into later childhood (2). The incidence of postnatal growth restriction (weight less than the
tenth percentile for postmenstrual age at the time of hospital discharge) ranges anywhere
from 79% to 99% (1, 3), when using fetal-infant growth curves (4). Poor postnatal growth is
associated with poor neurodevelopmental outcome (2, 5) as well as increased risks in
adulthood for metabolic syndrome and type 2 diabetes if there is subsequent catch-up
growth (6).

The recent emphasis on early and improved nutritional support recognizes the association
between nutrition and growth (7-9). However, a prospective study by Embleton et a/was
only able to attribute 45% of variance in weight gain to energy intake deficits (10),
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suggesting that postnatal growth is influenced by factors beyond caloric intake. Tissue
oxygenation has been postulated to be among these factors (11-16). Animal studies
investigating this possibility have shown species-specific outcomes, with rat pups raised in
hypoxic conditions after birth showing reduced body mass, and hamster pups raised in
similar conditions have unaffected growth (11). In humans, the relationship between
oxygenation and postnatal growth is not well understood. Infants with bronchopulmonary
dysplasia (BPD) have slower growth velocities when weaned from supplemental oxygen
before discharge (12, 13); whereas those discharged on home oxygen have either better
growth (14, 15) or no difference in growth (16). For preterm infants without BPD,
assignment to different saturation targets starting several weeks after birth did not impact
later growth (17, 18). However, a retrospective study of neonatal units in the U.K. with
differing oxygen saturation targeting policies showed that infants cared for in units with
lower saturation targets incidentally also had better inhospital growth (19). The design of the
NICHD Neonatal Research Network (NRN) Surfactant, Positive Pressure and Pulse
Oximetry Randomized Trial (SUPPORT) offered an opportunity to investigate this
possibility in a randomized and controlled fashion from the time of birth (20, 21). Based on
the U.K. data, we hypothesized that infants enrolled in SUPPORT assigned to the lower
saturation target group would have better growth velocity and less growth failure inhospital
and at 18-22 months corrected age.

Our sample is composed of a subgroup of infants enrolled in SUPPORT. This subgroup of
infants was enrolled sequentially in participating centers after the secondary study was
approved by individual center Institutional Review Boards (IRB) and enrollment in the main
trial was underway. SUPPORT was a 2 x 2 factorial, randomized trial, in which the oxygen
saturation targeting arm was designed to determine whether exposure to a lower saturation
target soon after birth, within the accepted normal range at the time, 85-95%, was associated
with a lower incidence of severe retinopathy of prematurity (ROP) or death before discharge
from the hospital; the CPAP arm was designed to determine whether early CPAP use with
limited ventilation was associated with increased survival without BPD at 36 weeks
postmenstrual age (PMA) compared with surfactant and conventional ventilator strategy.
Between February 2005 and February 2009, women at risk for delivering between 24 weeks
0 days and 27 weeks 6 days of gestation were asked to enroll in the study at participating
centers. Infants were randomized to either lower (85-89%) or higher (91-95%) saturation
targets within the accepted oxygen saturation range in the first two hours after birth. Pulse
oximeters (Masimo Corp, Irvine, California), electronically altered for masking, were used
for both groups until 36 weeks PMA or until the infant was breathing ambient air and off
positive pressure support for more than 72 hours.

The protocol for the growth secondary study was approved by the IRB of all the
participating centers, and written informed consent was obtained from each infant’s parent
or guardian before any measurements were acquired for the study. In addition to the patient
descriptors collected in the main trial (20), selected anthropometric measurements and
nutrition snapshots were periodically collected by research nurses at each institution.
Measurements were obtained at birth, weekly for the first 4 weeks, then at 32 and 36 weeks
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PMA and 18- 22 months corrected age. If an infant was deemed stable, weight was obtained
using a bedside scale, length was measured using the Preemie Length Board (Ellard
Instrumentation, Ltd, Monroe Washington), and head circumference was measured using a
tape measure. Each measurement was obtained twice and then averaged. Detailed 24-hour
nutritional data were collected weekly for the first 4 weeks and then at 32 and 36 weeks
PMA by chart review. Type and volume of intravenous solutions, including composition of
parenteral nutrition, and type and volume of enteral feedings, including modular additives,
were recorded. Composition of milk formula and breast milk (mother’s own or donor) was
based on the assumed average composition of breast milk and the manufacturer’s product
information for the various milk formulas. Research nurses used standardized study forms
while collecting information, and all data were subsequently transmitted to the central NRN
datacoordinating center at RTI International.

The primary outcome measures were growth failure, defined as weight less than 10t
percentile, for survivors to 36 weeks PMA and at 18-22 months corrected age, and in-
hospital growth velocities. The reference growth standards used were the sex-specific
intrauterine growth curves of Olsen (22) for in-hospital growth and the WHO Growth
Curves (23) for growth at 18-22 months corrected age.

Clinical characteristics and outcomes for infants in the higher and lower oxygen saturation
target groups were compared using linear mixed models for continuous variables and robust
Poisson regression for binary outcomes, adjusting for multiple birth clustering and trial
stratification variables: gestational age (24-25 and 26-27 weeks) and center. An unadjusted
Wilcoxon rank sum test was used for skewed continuous variables. In-hospital growth
velocity was calculated using the exponential method (24). In a post-hoc analysis, mortality
and select primary growth outcomes were analyzed by identifying the quartile of actual
median saturations while on supplemental oxygen. Adjusted results for these analyses were
obtained using robust Poisson regression and expressed as relative risks and 95% confidence
intervals. The proportion of infants with severe illness (defined as FiO2 > 0.4 and
mechanical ventilation for more than 8 hours in the first 14 days) was analyzed by quartile
of actual median saturation using a Mantel- Haenszel Chi-square test. All analyses were
performed at RTI International using SAS version 9.3 (SAS, Cary, North Carolina).

A total of 1316 infants were enrolled in SUPPORT; of these, the parents or caregivers of 810
infants provided consent for the Growth Secondary Study. Of the enrolled infants, 681
infants (84%) survived to 36 weeks PMA or discharge (whichever came first) and 609
infants (89%) returned for follow-up at 18—-22 months corrected age (Figure 1; available at
Www.jpeds.com).

The baseline characteristics of the lower and the higher saturation groups, including the
anthropometric measures, were similar for all enrollees (Table 1) and for the subset of
survivors to 36 weeks (not shown). The rate of growth failure (weight < 10t percentile) for
survivors at 36 weeks PMA (or at discharge if earlier) did not differ significantly between
the lower and higher saturation groups (46.4 and 50.3%, respectively; relative risk [RR] with
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lower oxygen saturation 0.92; 95% confidence interval [CI] 0.8 to 1.1, p = 0.28; Table II).
The means and proportion of infants <10™ percentile (Table I11; available at
www.jpeds.com) for individual anthropometric measures (weight, length and head
circumference) and mean z-scores for weight (Figure 2), at different study time points, were
not significantly different between groups. The proportion of infants with weight and head
circumference less than 10t percentile in both groups increased by day 7 and was highest at
32 weeks PMA, whereas for length the less than 10t percentile proportion increased
progressively until 36 weeks PMA (Table I11). In-hospital growth velocity did not differ
between the groups (Table I1).

The time from birth to initiation of feeds and time to achieve full feeds were similar between
groups (Table IV). The mean 24-hour energy intake on the pre-specified study days was not
different between groups and was 85 kcal/kg/day on day 7, advancing progressively until 36
weeks PMA to 110 kcal/kg/day (Figure 2). The estimated macronutrient composition of
energy source was also not different between groups (Table 1V). The estimated proportions
of protein and carbohydrate intakes were higher early and declined over time, whereas the
estimated proportion of fat intake increased over time. The leading energy source was
carbohydrate early on and became fat later. On day 7, 47% of energy intake was from
carbohydrate (38% fat, 15% protein), and by 36 weeks PMA, 55% of energy intake was
from fat (35% carbohydrate, 10% protein).

Catch-up growth occurred post-discharge, with the proportion of growth failure (weight <
10t percentile) declining in both lower and higher saturation groups to 16.2% and 14.4%,
respectively by 18-22 months corrected age (RR 1.1, 95% CI 0.8 to 1.7, p = 0.49). Similar
results were observed when subgroup analysis was performed by gestational age strata
(Table 11).

The percentage with length and head circumference < 10t percentile at 36 weeks PMA was
not different between groups (Table I11). At 18-22 months corrected age, the percentage of
infants with length and head circumference <10t percentile was lower than observed at the
36 weeks PMA measure; the amount of catch-up was less for length than for head
circumference.

In-hospital growth velocity to 36 weeks PMA was determinable for 533 infants with all
measurements available, and this was not different between the lower and higher saturation
groups (13.7 £ 2.3 vs. 13.4 = 2.6 g/kg/d, p = 0.49). Growth velocity between saturation
groups was not influenced by gestational age stratum, 24-25 vs. 26-27 weeks (Table I1).
The degree of growth restriction at 36 weeks PMA was more pronounced for length (z-score
-1.7) than for weight (-1.2) or head circumference (-1.0).

As was intended by the protocol, the median levels of oxygen saturation while on
supplemental oxygen differed between randomization groups (Table V; available at
www.jpeds.com). The number of days on oxygen supplementation was also greater in the
higher saturation group. However, as in the main trial, there was substantial overlap, and the
actual median levels of saturation were higher than the target levels (20). Due to this overlap,
a post hoc analysis was done by quartile of the actual median oxygen saturation of the
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cohort as a whole. Infants with actual median saturation in the lowest quartile had a higher
incidence of weight below the 10 percentile at 36 weeks PMA when compared with the
highest quartile (56.1 vs. 39.9%, RR 1.4, 95% CI 1.1-1.8, p < 0.05). This was also seen at
18-22 months corrected age follow-up (19.2 vs. 9.9%, RR 1.9, 95% CI 1.0-3.4, p < 0.05).
Actual median saturation was also associated with severity of illness, with the proportion of
severely ill infants, by our definition, increasing significantly within quartiles from highest
to lowest (14, 29, 44 and 51%, respectively; p <.0001). Other than severe ROP being higher
in the higher saturation group, other clinical outcomes were not different between groups in
this cohort.

Discussion

In this large, multicenter trial that randomized extremely premature infants from birth to
lower or higher oxygen saturation targets while on supplemental oxygen, we found no
difference in the primary outcome of growth failure (weight less than 10t percentile) at 36
weeks PMA or at 18-22 months corrected age, by saturation target group assignment. We
also found no difference in the in-hospital growth velocity between the two groups. Our
outcomes differ from the observational, non-randomized, study of Tin et a/, which studied
different saturation targets from birth by virtue of differing unit policies (19), and concluded
that infants cared for with lower saturation targets were less likely to have growth restriction
at discharge and decreased risk for ROP and BPD. Other studies of targeted oxygen
saturation in different populations have not found a difference in growth. With saturation
targeting in the BOOST (Benefit of Oxygen Saturation Targeting) trial (17), started at 32
weeks PMA for infants still requiring oxygen supplementation, Askie et al found no
difference in growth at 36 weeks PMA or at 12 months corrected age. More recently, the
Canadian Oxygen Trial, with a trial design similar to SUPPORT, reported no difference in
growth variables at 18 months follow-up (25). A meta-analysis of the growth outcome of the
three trials is planned (25, 26).

Intermittent 'snapshot' determinations of 24-hour nutritional intake showed that the caloric
intake and dietary composition were similar between the lower and higher saturation groups.
However, the entire population suffered from suboptimal early intake. The earliest time point
for collection of nutritional information was age 7 days, the protein intake at this time was
about 3.2 g/kg/d in both groups. The importance of improved early protein intake and the
association with better growth outcomes is achieving greater recognition (8); however,
achieving suggested early protein targets during clinical practice may still be challenging.
The generally recommended energy intake for healthy low birth weight infants of 90-120
kcal/kg/d (26) was only achieved by 2 weeks of age, potentially contributing to significant
accumulated deficits. Distribution of energy sources varied over time and transformed from
predominantly carbohydrates to predominantly fats, different from the nutrient supplies that
normally growing fetuses receive (high fraction of amino acids and glucose) (27). Although
a growth pattern similar to fetal growth is considered ideal for extremely low gestational age
neonates, the environment and metabolic demands are markedly different after birth, and
adequate nutrient transfer is hindered by the immature gastrointestinal tract. The clinician’s
perception of illness may also unduly limit the provision of optimal nutritional intake (28).
This shortfall in early nutritional intake can translate into profound cumulative nutritional
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intake deficits, which contribute to the significant growth restriction often seen in this
population (46-50%) (10). Growth restriction in the SUPPORT cohort was less than
reported in older studies, but caution is needed in interpretation, as the reference growth
curves used in this study underestimate growth failure as compared with the older growth
curves. The updated intrauterine growth curves represent a contemporary, large, racially
diverse U.S. cohort. Compared with the older, widely-used, Lubchenco growth curves (29),
the Olsen curves (22) are slightly shifted rightward especially at the higher gestational ages.
The use of fetal growth reference standards as the ideal for postnatal growth may be another
limitation. Comparing the growth of an infant born preterm and a fetus of the same
gestational age is inherently disadvantageous to the preterm infant; hence, the inevitable
“excessive” incidence of postnatal growth restriction in preterm infants (30). Plotting the
actual postnatal growth measures of a recent cohort of VLBW infants (including early
physiologic weight loss) against fetal growth curves showed that they were consistently
below the 10t percentile by 36 weeks PMA or discharge (30).

Consistent with other masked, randomized trials of targeting different oxygen saturation
ranges (17, 18), the attained oxygen saturation levels overlapped, presumably because of the
dynamic nature of preterm infant oxygenation. The frequent episodes of decreased oxygen
saturation in preterm infants require adjustment of the fraction of inspired oxygen (FiO2)
and lead to wide fluctuation in SpO2 (31). In the absence of an automated FiO2 delivery
system or one-to-one dedicated nursing, regulating oxygen delivery to keep infants tightly
within a target saturation range is difficult (32, 33). The absence of any difference in growth
outcome may have been influenced by the overlapping of attained oxygen saturations in the
two groups. Anticipating this limitation, a post hoc analysis of the entire cohort irrespective
of group assignment, was done comparing the extreme quartiles of attained median oxygen
saturations. It showed that spending more time in the lowest quartile (median saturation
between 69-91%) was associated with increased risk for death and/or growth failure. An
additional analysis looking at the association of severity of illness (defined as FiO2 > 0.4
and mechanical ventilation for more than 8 hours in the first 14 days) with quartile of actual
median SpO2 found a significant link between illness severity and quartile of attained SpO2.
This may mean that lower oxygen saturation is simply an indicator of increased disease
severity. We speculate that the infants whose actual median saturations were in the lower
quartiles were more ill and therefore experiencing more episodes of decreased oxygen
saturation (34).

The strength of our data lies in the large group of preterm infants studied and randomized
from birth to two target oxygen saturation ranges within the accepted limits at the time. The
nutritional dataset allows weekly snapshots of nutritional intake, and although these
measures of nutritional intake demonstrate the inadequate early non-protein caloric intake
and its relationship with growth, we are unable to calculate cumulative nutritional deficits.
With the targeted number of participating subjects, there was more than 80% power to detect
a weight difference of as little as 40 g between groups.

In the SUPPORT trial, oxygen saturation targeting from birth did not lead to differences on
growth outcomes between groups. However, when evaluated against actual attained SpO,
values, the greatest degree of growth restriction was seen in infants with the lowest attained
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median oxygen saturation levels. A high incidence of postnatal growth restriction persists
despite use of an updated growth reference standard, and insufficient caloric provision
remains an issue for infants less than 28 weeks gestation.
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Baseline Population Characteristics

Table 1

tl%vg)er Saturation I(-iiogtger Saturation | p.yajuel
Gestational age (wk), mean (SD) 26.2(1.1) 26.2 (1.1) 0.65
Birth weight (g), mean (SD) 838.6 (186) 839.9 (191) 0.87
Birth weight < 10 %ileZ (SGA), n/N (%) | 40/402 (10.0) 53/408 (13.0) 0.19
HC at birth (cm), mean (SD) 23.5(1.8) 23.6 (1.9) 0.74
HC at birth < 10 %ileZ, /N (%) 41/396 (10.4) 53/398 (13.3) 0.19
Length at birth (cm), mean (SD) 33.4(2.9) 33.3(2.9) 0.22
Length at birth <10th %ile2, /N (%) 50/396 (12.6) 57/400 (14.3) 0.48
Non-Hispanic black, n/N (%) 179/402 (44.5) 159/408 (39.0) 0.10
Multiple birth, n/N (%) 90/402 (22.4) 112/408 (27.5) 0.14
Antenatal steroids, n/N (%) 390/402 (97.0) 389/407 (95.6) 0.29
Vaginal delivery, n/N (%) 138/402 (34.3) 147/408 (36.0) 0.56
Mother’s education: HS grad, n/N (%) 69/311 (22.2) 90/313 (28.8) 0.07
Male, n/N (%) 211/402 (52.5) 236/408 (57.8) 0.19

Page 14

adjusted for multiple-birth clustering and SUPPORT stratification variables, GA group and center, using linear mixed models for continuous
variables and robust Poisson regression for categorical variables, where appropriate;

Zbased on 10th percentile weight for GA, by sex, from Olsen growth tables
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Table 2

Primary Outcomes — Survivors to 36 weeks?

Outcomel Lower Saturation | Higher Saturation | p-
All infants (333) (348) value?
36 weeks PMA?:
Wt < 10t %ile, n/N (%) 154/332 (46.4) 172/342 (50.3) 0.28
Growth velocity (gm/kg/d)4 mean (SD), n 13.7(23), 259 134 (26),214 | 049
18-22 mos corrected age follow-up:
Wt < 101 %ile, n/N (%) 48/296 (16.2) 45/313 (14.4) 0.49
Lower Saturation Higher Saturation
GA 24-25 weeks (130) (135)
36 weeks PMAZ:
Wt < 10t %ile, n/N (%) 70/130 (53.9) 85/133 (63.9) 0.16
Growth velocity (gm/kg/d) % mean (SD),n |  139(2.0).97 132(28),109 | 0.24
18-22 mos corrected age follow-up:
Wt < 101 %ile, n/N (%) 24/112 (21.4) 29/121 (24.0) 0.48
Lower Saturation Higher Saturation
GA 26-27 weeks (203) (213)
36 weeks PMAZ:
Wt < 10t %ile, n/N (%) 84/202 (41.6) 87/209 (41.6) 0.76
Growth velocity (gm/kg/d) 4 mean (SD),n | 135(25).162 136(25). 165 | 0.70
18-22 months corrected age follow-up:
Wt < 101 %ile, n/N (%) 24/184 (13.0) 16/192 (8.3) 0.12

1
36 week outcomes based on Olsen growth tables; follow-up outcomes based on WHO growth tables;

Page 15

Zp-values are from robust Poisson regression models and linear mixed models (growth velocity); adjusted for multiple birth clustering, SUPPORT

stratification variables center, and gestational age group (models for ‘All infants”) and multiple birth clustering and center (models for GA

subgroups);

"?include infants discharged prior to 36 weeks PMA,;

4calculated for the subset of survivors to 36 weeks PMA or discharge/transfer, whichever came first using the exponential method (Patel 2005,
2009) with available growth study data at Day 1 and 36 weeks
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Nutritional Intake

Table 4

Combined parenteral and enteral intakel Lower Saturation (333) | Higher Saturation (348) | p.valye?
Total caloric intake (kcal/kg/day):
Day 7 86.8 (22.8) 83.4 (20.8) 0.07
Day 14 93.3 (24.7) 91.3 (24.3) 0.37
Day 21 95.4 (37.6) 94.2 (26.6) 0.69
Day 28 98.0 (28.8) 96.6 (28.6) 0.59
32 weeks PMA 104.7 (29.9) 104.8 (27.3) 0.94
36 weeks PMA 111 (35.9) 108.1 (33.5) 0.38
Discharge or 36 weeks PMA 109 (36.7) 107.2 (34) 0.61
Protein intake (kcal/kg/day):
Day 7 13.3(3.2) 13.1(3.2) 0.81
Day 14 12.4 (4.9) 12.0 (4.9) 0.52
Day 21 10.8 (5.4) 10.8 (5.0) 0.98
Day 28 9.9 (5.0) 10.3 (4.9) 0.47
32 weeks PMA 9.9 (5.3) 9.9 (4.9) 0.85
36 weeks PMA 10.5 (5.0) 10.3 (4.9) 0.98
Discharge or 36 weeks PMA 10.4 (5.1) 10.2 (4.8) 0.97
Carbohydrate intake (kcal/kg/day):
Day 7 41.6 (13.5) 39.6 (11.2) 0.08
Day 14 39.6 (14.7) 39.0 (11.8) 0.47
Day 21 39.3 (16.6) 38.2 (12.3) 0.26
Day 28 39.0 (12.9) 37.4 (11.6) 0.08
32 weeks PMA 37.9 (12.1) 38.3 (11.4) 0.92
36 weeks PMA 38.4 (11.9) 37.8 (11.9) 0.61
Discharge or 36 weeks PMA 38.0 (12.0) 37.7 (12.0) 0.76
Fat intake (kcal/kg/day):
Day 7 33.8 (15.8) 32.0 (15.2) 0.19
Day 14 44.9 (20.2) 44.4 (20.7) 0.92
Day 21 51.0 (27.1) 50.4 (21.9) 1.0
Day 28 54.5 (22.6) 53.0 (21.7) 0.56
32 weeks PMA 59.5 (20.2) 57.8 (20.2) 0.49
36 weeks PMA 60.9 (20.4) 60.1 (19.9) 0.81
Discharge or 36 weeks PMA 60.4 (20.2) 59.9 (20.4) 0.88
Age at first enteral feed (days) n, median, IQR | 332,4,3t07 | 347,4,3t07 | 0.53
Age at first full enteral feed (days) n, median, IQR | 323,23,16t0 34 | 339, 24, 16 to 34 | 0.78

1 . .
presented as mean (SD) for continuous variables, except where noted;
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adjusted for multiple-birth clustering and SUPPORT stratification variables GA group and center, using linear mixed models for continuous
variables; unadjusted rank sum test for age at first enteral feed and age at first full enteral feed
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