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ORIGINAL ARTICLE

Neurodevelopmental outcomes of preterm infants resuscitated
with different oxygen concentration at birth

AS Soraisham’, Y Rabi', PS Shah?, N Singhal', A Synnes®, J Yang?, SK Lee® and AK Lodha’ for investigators of the Canadian Neonatal

Network and Canadian Neonatal Follow up Network*

OBJECTIVE: To compare the neurodevelopmental outcomes at 18 to 21 months corrected age (CA) of infants born at < 29 weeks
that received room air, an intermediate oxygen concentration or 100% oxygen at the initiation of resuscitation.

STUDY DESIGN: In this retrospective cohort study, we compared neonatal and neurodevelopmental outcomes at 18 to 21 months
CA among inborn infants born before 29 weeks’ gestation that received room air, intermediate oxygen concentration or 100%
oxygen at the initiation of resuscitation.

RESULTS: Of 1509 infants, 445 received room air, 483 received intermediate oxygen concentrations and 581 received 100% oxygen.
Compared to infants that received room air, the primary outcome of death or neurodevelopmental impairment (NDI) was not
different in intermediate oxygen (adjusted odds ratio (aOR) 1.01; 95% confidence interval (Cl) 0.77, 1.34) or 100% oxygen (aOR 1.03;
95% Cl 0.78, 1.35). Compared to room air, there was no difference in odds of death or severe NDI in intermediate oxygen (aOR 1.14;
95% Cl 0.82, 1.58) or 100% oxygen group (aOR 1.22; 95% Cl 0.90, 1.67). The odds of severe NDI among survivors were significantly
higher in infants that received 100% oxygen as compared to room air (aOR 1.57, 95% CI 1.05, 2.35).

CONCLUSIONS: We observed no significant difference in the primary composite outcomes of death or NDI and death or severe NDI
at 18 to 21 months CA between infants that received room air, intermediate oxygen concentration or 100% oxygen at the initiation
of resuscitation. However, use of 100% oxygen was associated with increased odds of severe NDI among survivors as compared to

room air.
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INTRODUCTION

Oxygen is a vital element for human survival and plays a major
role in a diverse range of biological and physiological processes.
However, exposure to high oxygen concentrations can lead to a
release of toxic free radicals and reactive oxygen species, often
resulting in oxidative stress-induced cellular injury."™ Currently,
there is good evidence for using room air instead of 100% oxygen
to initiate resuscitation for full-term asphyxiated infants.>® Preterm
infants are especially prone to oxygen toxicity as they frequently
require resuscitation at birth and have inadequate antioxidant
defense systems.”® Despite advances in neonatal care, the optimal
initial fraction of inspired oxygen (FiO,) for delivery room
resuscitation in preterm infants is not known, although several
changes in the guidelines for oxygen therapy in the neonatal
resuscitation program have been proposed in the last few years. In
2010, the International Liaison Committee on Resuscitation
recommended that preterm infants < 32 weeks’ gestation should
receive blended oxygen and air during resuscitation.” However, if
not available, the recommendation has been to start resuscitation
with room air, while no specific oxygen concentration was
recommended.

Three systematic reviews and meta-analyses on preterm infants
resuscitated with room air versus oxygen supplementation have
been conducted.'®? In the latest meta-analysis, there was no
significant difference in mortality, bronchopulmonary dysplasia

(BPD), intraventricular hemorrhage (IVH), retinopathy of prema-
turity (ROP) or necrotizing enterocolitis (NEC) between infants
randomized to resuscitation with low oxygen (FiO, <0.3) and
those receiving high oxygen (FiO, >0.60) at delivery.'? Mortality
was lower in low oxygen arm of masked studies and higher in low
oxygen arms of unmasked studies. Such difference in mortality
between masked and unmasked studies may suggest the
possibility of a type 1 error.

Information on the long-term neurodevelopmental outcomes of
infants resuscitated with varying degrees of oxygen concentra-
tions has been limited, as few studies have compared neurode-
velopmental outcomes between two groups—Ilow or high oxygen
for initiation of resuscitation."”*™'® Saugstad et al. reported no
significant differences in neurological handicap or developmental
milestones at 18 to 24 months in infants resuscitated with either
room air or 100% O at birth.'® Similarly, a meta-analysis of three
studies did not show any significant difference in the neurological
outcome between infants resuscitated with room air and 100%
oxygen.'* However, it should be noted that infants were assessed
at different follow-up ages and most participants were late
preterm and term infants. Recently, Boronat et al.'® reported no
difference in neuromotor or neurosensory outcome at 2 years
between preterm infants resuscitated with initial low oxygen (FiO,
0.30) and high oxygen (FiO, 0.60 to 0.65) concentrations. As of yet,
the effect of different oxygen concentrations at initiation of

"Department of Paediatrics, Section of Neonatal Perinatal Medicine, University of Calgary, Alberta Children’s Hospital Research Institute, Foothills Medical Centre, Calgary, AB,
Canada; *Department of Paediatrics, Section of Neonatal Perinatal Medicine, University of Toronto, Mount Sinai Hospital, Toronto, ON, Canada and *Department of Paediatrics,
University of British Columbia, Vancouver, BC, Canada. Correspondence: Dr AS Soraisham, Foothills Medical Centre, Room C-211, 1403, 29th Street, NW, Calgary, AB T2N 2T9,

Canada.
E-mail: asoraish@ucalgary.ca

“Members of the investigators of the Canadian Neonatal Network and Canadian Neonatal Follow up Network are listed above References.
Received 5 January 2017; revised 20 April 2017; accepted 4 May 2017; published online 8 June 2017


http://dx.doi.org/10.1038/jp.2017.83
mailto:asoraish@ucalgary.ca
http://www.nature.com/jp

Oxygen at resuscitation and neurodevelopmental outcomes
AS Soraisham et al

delivery room resuscitation on neurodevelopmental outcomes in
preterm infants remains uncertain. The objective of this study was
to compare the neurodevelopmental outcomes at 18 to 21 months
corrected age (CA) of infants born at < 29 weeks gestational age
(GA) who received room air, intermediate oxygen concentration or
100% oxygen at the start of delivery room resuscitation.

METHODS

Study design

In this retrospective cohort study, we included inborn infants who were
born at < 29 weeks’ GA, admitted to level Il neonatal intensive care units
(NICUs) participating in the Canadian Neonatal Network (CNN) between 1
January 2010 and 30 September 2011, and were assessed at 18 to
21 months CA in a follow-up program associated with the Canadian
Neonatal Follow-up Network (CNFUN). We excluded infants with major
congenital or chromosomal anomalies, those with planned palliative care
before delivery, those lost to follow-up and those with missing oxygen
data at delivery. During this study period, as there was no specific
recommendation regarding the concentration of oxygen to begin
resuscitation in preterm infants, starting oxygen concentration was guided
by local protocol in each institution. However, infants receiving supple-
mental oxygen were titrated using pulse oximetry to achieve saturation
targets as per neonatal resuscitation program. Based on the starting
oxygen concentration at delivery room resuscitation, we divided the
cohort into three groups: room air, intermediate oxygen concentration and
100% oxygen.

During the study period, the CNN included all 28 participating tertiary
NICUs in the country, while the CNFUN consisted of all 26 neonatal follow-
up programs across Canada. Data were collected as part of the Canadian
Institute of Health Research team in Maternal Infant Care study. Ethics or
appropriate regulatory committee approval was obtained for the Maternal
Infant Care study at all participating sites and written informed consent for
the follow-up assessment was obtained as per local research ethics board
requirements. This study was approved by the research ethics board at the
University of Calgary and the executive committees of both networks.

Data collection

Data were transmitted electronically to the CNN and CNFUN, which were
linked using a single identifier. Maternal and birth characteristics, in
addition to neonatal outcomes were abstracted. These included maternal
age, maternal education, antenatal risk factors, antenatal steroid use,
prolonged rupture of membranes (> 24 h), intrapartum antibiotics, mode
of delivery, birth weight, GA, sex, small for GA , multiple births, Apgar score
at 1 and 5 min, Score for Neonatal Acute Physiology-version Il (SNAP-II)
score, initial gas used during resuscitation, respiratory distress syndrome,
pneumothorax, BPD, IVH, periventricular leukomalacia (PVL), NEC stage > 2,
intestinal perforation, ROP > stage 3, duration of ventilation, duration of
hospitalization and mortality.

Definitions

Indices of neonatal outcomes were defined according to the CNN and
CNFUN Data Abstractor Manuals.'”'® Diagnosis and severity of IVH was
based on the criteria of Papile.'® Severe neurological injury was defined as
radiological evidence of parenchymal brain injury or ventriculomegaly with
or without IVH (that is, > grade 3 IVH) and/or PVL. NEC was defined
according to modified Bell's criteria (> stage 2).2° patent ductus arteriosus
was defined as clinical and echocardiographic diagnosis plus treatment
with indomethacin/ibuprofen, surgical ligation or both. BPD was defined as
any supplemental oxygen and/or respiratory support at 36 weeks post-
menstrual age or at discharge from the participating unit.?' ROP was
diagnosed according to the International Classification of Retinopathy of
Prematurity.>?

Neurodevelopmental assessment

The neurodevelopmental assessment at 18 to 21 months CA for this study
is described previously.?® The assessment included a standardized history,
physical examination, neurological examination and the Bayley Scales of
Infant and Toddler Development-Third Edition ( Bayley II).2* The members
of the multidisciplinary team in the follow-up clinic were not aware of the
concentration of oxygen used during initiation of resuscitation. The Gross
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Motor Function Classification System (GMFCS) was used to classify the
functional impairment in children with cerebral palsy.> Hearing and visual
outcomes were also assessed.

Outcomes measures

The primary outcomes for this study were (a) the composite of death or
neurodevelopmental impairment (NDI) and (b) death or severe NDI at 18
to 21 months CA. These outcomes were selected because infants who died
before neurodevelopmental assessment could not be classified as having
NDI. Our pre-specified secondary outcomes included mortality (during
NICU stay and after discharge), NDI among survivors, severe NDI among
survivors and individual components of the primary composite outcome.
NDI was defined as the presence of any one of the following: cerebral palsy
with GMFCS > |, Bayley Il score of < 85 on any one of the components
(cognitive, language, motor composite score), sensorineural or mixed
hearing loss, and visual impairment. Severe NDI was defined as presence of
any one or more of the following: cerebral palsy with GMFCS I, IV or V,
Bayley Ill score of < 70 on any of the components (cognitive, language or
motor composite score), hearing impairment requiring hearing aids or
cochlear implant, and bilateral visual impairment (diagnosed by an
ophthalmologist as presence of macular drag, traction or detachment,
visual acuity of 20/70 or worse). Children who could not be tested using
the Bayley lll but who had a Bayley Ill General Adaptive Composite score
< 70 or were assessed to have a severe developmental delay were also
diagnosed with severe NDI.

Statistical analyses

Statistical analyses were performed with SAS version 9.2 software package
(SAS Institute Inc, Cary, NC, USA). Descriptive statistics were performed to
compare infants who received room air, intermediate oxygen and 100%
oxygen at the initiation of resuscitation. Pearson x* or Fisher’s exact test for
categorical variables and Student’s t-test or analysis of variance F-test for
continuous variables was used for the analyses. Multivariable logistic
regression analyses were performed to adjust for other potential
confounding factors that may have an independent effect on NDI.
Confounding variables adjusted for in the multivariate analyses include GA,
antenatal steroid, sex, maternal education, SNAP-lIl score, maternal
antibiotics and small for GA. All P-values were two-sided and P < 0.05
was considered statistically significant.

RESULTS

Of the 2760 preterm infants were admitted to NICUs, 1825 infants
were eligible for the study. Figure 1 shows the flow diagram of the
study participants. Of the 1509 infants included in the study, 445
(29%) started with room air, 483 (32%) with intermediate oxygen
and 581(39%) with 100% oxygen at the initiation of resuscitation.
A total of 264 infants died, 252 before discharge and 12 infants
died after discharge before follow up. The baseline demographic
characteristics are shown in Table 1. Compared with room air
group, the rate of maternal hypertension was significantly higher
in the intermediate oxygen group. Maternal intrapartum antibiotic
therapy was higher in the room air group as compared to the
100% oxygen group. Compared with infants in the room air group,
100% oxygen group infants had lower mean birth weight and GA
and displayed higher SNAP-II scores.

Table 2 shows the comparison of neonatal outcomes between
the groups. Compared with the room air group, 100% oxygen
group infants had significantly higher rates of BPD, IVH (all
grades), patent ductus arteriosus, longer duration of mechanical
ventilation and overall mortality. Nosocomial sepsis was signifi-
cantly lower in the intermediate oxygen group.

Primary outcome

Of the 1825 eligible infants, 252 died during the NICU stay, 12 died
post discharge and 316 were lost to follow-up. A total of
1245/1561(80%) surviving infants were seen at the follow-up
assessment. Compared to infants who attended follow-up
assessment, infants that were lost to follow-up had a higher
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mean birth weight, mean GA, 1 and 5 min Apgar scores and lower
SNAP-II scores.

Bivariate analysis revealed that the primary outcome of
composite of death or NDI was significantly higher in the 100%
oxygen group as compared to those in room air (59 versus 51%,
P=0.02). Similarly, the composite outcome of death or severe NDI
was significantly higher in the 100% oxygen group as compared
to the room air group (37 versus 26%, P < 0.01). However, there
was no significant difference in the composite outcome of death
or NDI, as well as death or severe NDI between room air and
intermediate oxygen concentration groups. Among survivors,
severe NDI was significantly higher among 100% oxygen groups
as compared to room air group. (Table 3) The median cognitive
and language score was significantly lower in 100% oxygen group,
when compared to room air.

After controlling for confounders, multivariable logistic regres-
sion analysis revealed that the primary outcome of death or NDI
was not different between either intermediate oxygen (adjusted
odds ratio (aOR) 1.01, 95% confidence interval (Cl) 0.77, 1.34) or
100% oxygen groups (aOR 1.03, 95% Cl 0.78, 1.35) compared to
the 21% oxygen group (Table 4).

Similarly, there was no difference in odds of death or severe NDI
in intermediate oxygen (aOR 1.14; 95% Cl 0.82, 1.58) or 100%
oxygen groups (@OR 1.22; 95% Cl 0.90, 1.67) when compared to
room air. However, the odds of severe NDI among survivors
remained significantly higher among infants that received 100%
oxygen as compared to room air (aOR 1.57, 95% Cl 1.05, 2.35).
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DISCUSSION

In this large multicenter study involving extremely preterm
infants, we observed that during the years of 2010 to 2011, initial
oxygen concentration used during resuscitation of extremely
preterm neonates was variable. We identified that there were no
significant differences in the primary composite outcomes of (a)
death or NDI and (b) death or severe NDI at 18 to 21 months CA
between infants who received room air, intermediate oxygen
concentration or 100% oxygen at the initiation of resuscitation.
However, we observed a 1.6-fold increase in the odds of severe
NDI among survivors that received 100% oxygen as compared to
room air.

There are many small randomized control trials examining low
versus high oxygen concentration at delivery room
resuscitation.>*°"2° However, limited data are available regarding
the early childhood developmental outcomes of infants resusci-
tated with varying oxygen concentrations. Previous studies
including a meta-analysis found no difference in the neuromotor
or neurosensory outcomes between infants resuscitated with
initial low oxygen and high oxygen.'*'*'® In a study presented as
an abstract, Kapadia et al.'® reported a higher incidence of severe
NDI among preterm infants started with 100% oxygen as
compared to room air. They also observed a lower Bayley I
motor composite score <70 in 100% oxygen group after
adjusting for potential confounding variables. Similarly, in the
current study, we also observed increased odds of severe NDI
among infants that started 100% oxygen at the initiation of
resuscitation compared to room air.

Total number of infants <29 weeks

admitted to NICU
n= 2760
Excluded, n= 935
Missing initial FiO, data =518
Moribund/Palliative care = 47
Major congenital anomaly = 119
Outborn = 251
\4
Infants eligible
n= 1825
—_—

A

Survivors with no follow-up
outcome n=316

Infants included in the study

n=1509

l ,,

l

Room air group
n=445

Intermediate (22-99%) O, group
n=483

100% O, group
n= 581

; }

)

Follow up=377
Died in NICU= 66
Died post-discharge=2
J

Follow up=411
Died in NICU= 68
Died post-discharge=4

Follow up= 457
Died in NICU= 118
Died post-discharge=6

Figure 1. Flow diagram of study population.
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Table 1. Maternal and neonatal characteristics

Characteristics

Room air, (n=445)

Intermediate O,, (n =483) 100% O,, (n=1581)

Maternal characteristics

Age, mean (s.d.) 31 (6)
Education over college, n (%) 231 (52)
Hypertension, n (%) 67 (15)
Diabetes, n (%) 41 (9)
Antenatal steroid (any), n (%) 415

Complete antenatal steroid, n (%)

Rupture of membrane >24 h, n (%) 115 (26)
Antibiotics during labor, n (%) 320 (72)
Cesarean section, n (%) 271 (61)
Neonatal characteristics
Birth weight, mean (s.d.), g 917 (216)
GA, mean (s.d.), week. 26.3 (1.4)
<24 weeks, n (%) 57 (13)
25-28%7 weeks, n (%) 388 (87)
Male, n (%) 225 (51)
Small for GA, n (%) 38 (9)
Multiple gestations, n (%) 128 (29)
Apgar score at 1 min, median (IQR) 4 (2,6)
Apgar score at 5 min, median (IQR) 7 (6, 8)
SNAP-II score, median (IQR) 14 (9, 21)

31 (6) 31 (6)
267 (55) 276 (48)
106 (22)° 106 (18)
37 (8) 41 (7)
451 (93) 533 (92)
370/483 (82) 413/533 (77)
111 (23) 144 (25)
337 (70) 382 (66)°
284 (59) 334 (57)
919 (235) 851 (217)°
26.3 (1.5) 25.8 (1.5)°
63 (13) 123 21)°
420 (87) 458 (79)
276 (57) 310 (53)
47 (10) 52 (9)
141 (29) 172 (30)
5 (3,7) 4 (2,6)°
7 (6,8)° 7 (58)
14 (9, 21) 16 (9, 30)°

Abbreviations: GA, gestational age; IQR, interquartile ratio. 2P < 0.05, Room air versus intermediate oxygen. °P < 0.05, Room air versus 100% oxygen.

Table 2. Comparison of clinical outcomes among infants
Outcome Room air, (n =445) Intermediate O, 100% O,, (n=1581)
(n=483)
Respiratory distress syndrome, n (%) 379 (85) 419 (87) 510 (88)
Pneumothorax, n (%) 37 (8) 28 (6) 32 (6)
BPD, n (%)? 181 (47) 179 (43) 258 (55)b
IVH (all grades), n (%) 160 (36) 178 (37) 276 (48)°
Severe neurological injury®, n (%) 59 (13) 50 (10) 88 (15)
NEC > stage 2, n (%) 43 (10) 45 (9) 52 (9)
ROP > stage 3, n (%)° 51 (16) 36 (12) 77 (19)
Intestinal perforation, n (%) 18 (4) 28 (6) 34 (6)
PDA, n (%) 248 (56) 259 (54) 365 (63)°
Early onset sepsis, n (%) 7 (2) 5(1) 21 (4)
Nosocomial sepsis, n (%) 135 (30) 104 (22)‘]I 186 (32)
Duration of ventilation (days), median (IQR) 6 (1, 27) 4 (1, 20) 10 (2, 29)°
Hospital stay (days), median (IQR) 77 (50, 106) 64 (34, 94) 67 (35, 103)°
Mortality, n (%) 68 (15) 72 (15) 124 (21)b
Death/NDlI, n (%) 227 (51) 252 (52) 340 (59)°
Death/severe NDI, n (%) 115 (26) 134 (28) 215 (37)b

Abbreviations: BPD, bronchopulmonary dysplasia; IVH, intraventricular hemorrhage; IQR, interquartile ratio; NDI, Neurodevelopmental impairment; NEC,
Necrotizing enterocolitis; PDA, patent ductus arteriosus; PVL, periventricular leukomalacia; ROP, retinopathy of prematurity. 2Only the survivors. °P < 0.05,
room air versus 100% oxygen. “Severe neurological injury: IVH > grade 3 and/or PVL. 9P < 0.05, room air versus Intermediate oxygen.

Potential mechanisms suspected for NDI associated with
excessive oxygen exposure include: excessive production of
reactive oxygen species, fluctuations in blood oxygen levels and
brain injury. It has been shown that even a brief 100% oxygen
exposure during resuscitation can increase oxidative stress and
reduce antioxidant capacity as measured using biomarkers such as
total hydroperoxide, biological antioxidant potential, reduced
glutathione/oxidized glutathione ratio and superoxide dismutase
activity.? Oxidative stress increases neonatal morbidities such as
BPD, ROP,*® IVH, PVL and lower mental developmental index.'
With increasing evidence from laboratory and biochemical data,
guidelines and recommendations were modified in practically all
countries. However, data on infancy or childhood outcomes in
previous studies have derived from very small sample sizes. Ours is
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the largest cohort to provide such data; however, we were unable
to demonstrate differences in any of the composite outcomes. The
difference in severe NDI among survivors between room air and
100% oxygen could be a real difference or a type 1 error as we
compared multiple outcomes in this analysis.

Recent studies have raised some concern about increasing
mortality with use of lower oxygen at delivery room
resuscitation.>>*® In a retrospective study of infants <27 weeks,
Rabi et al. reported that severe neurological injury or death was
higher among infants resuscitated with room air as compared to
100% oxygen.>? This study addressed outcomes following a policy
change in NICUs regarding oxygen use in the delivery room
between 2004 and 2009. We would like to point out that the study
by Rabi et al. was based on the survey data from each unit when
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Table 3. Neurodevelopmental outcomes at 18 to 21 months CA among survivors
Outcome Room air, (n=377) Intermediate O,, (n=411) 100% Oy, (n=457)
NDI, n (%) 159 (42) 180 (44) 216 (47)
Severe NDI, n (%) 47 (13) 62 (15) 91 (20)°
Cerebral palsy, n (%) 24 (6) 20 (5) 28 (6)
Cerebral palsy (GMFCS >1), n (%) 14 (4) 9(2) 14 (3)
Cerebral palsy (GMFCS >3), n (%) <5 5(1) 7 (2)
Visual impairment, n (%) 6 (2) 5(1) 9(2)
Hearing impairment, n (%) 22 (6) 30 (7) 38 (8)
Bayley Il Cognitive score (median, IQR) 100 (90, 105) 95 (90, 105)° 95 (90, 105)°
Bayley Il Cognitive score < 85, n (%) 44 (12) 55 (13) 63 (14)
Bayley Il Cognitive score < 70, n (%) 12 (3) 11 (3) 12 (3)
Bayley Ill Motor score (median, IQR) 94 (85, 103) 94 (88, 100) 94 (85, 100)
Bayley Ill Motor score < 85, n (%) 66 (18) 63 (15) 93 (20)
Bayley Ill Motor score < 70, n (%) 22 (6) 21 (6) 28 (7)
Bayley Il Language score (median, IQR) 91 (83, 103) 91 (79, 100)° 89 (77, 100)°
Bayley Il Language score < 85, n (%) 108 (29) 133 (32) 147 (32)
Bayley Il Language score < 70, n (%) 26 (7) 38 (10) 53 (13)?

Abbreviations: CA, corrected age; GMFCS, gross motor function classification system; IQR, interquartile range; NDI, neurodevelopmental impairment. P < 0.05,
Room air versus 100% oxygen. PP < 0.05, Room air versus intermediate oxygen.

Table 4. Unadjusted and adjusted odds ratios for neurodevelopmental outcomes

Outcome Room air Intermediate O, Intermediate O, 100% O, 100% O,
Unadjusted OR (95%Cl) aOR, 95% CI Unadjusted OR, 95% CI aOR, 95% ClI

Primary outcome
Death or NDI Ref 1.05 (0.81, 1.36) 1.01 (0.77, 1.34) 1.36 (1.06, 1.74) 1.03 (0.78, 1.35)
Death or severe NDI Ref 1.10 (0.82, 1.47) 1.14 (0.82, 1.58) 1.69 (1.29, 2.21) 1.22 (0.90, 1.67)

Secondary outcome
Death Ref 0.97 (0.68, 1.39) 1.03 (0.68, 1.56) 1.50 (1.09, 2.08) 0.93 (0.63, 1.37)
NDI Ref 1.06 (0.80, 1.41) 1.00 (0.74, 1.35) 1.24 (0.94, 1.63) 1.08 (0.81, 1.45)
Severe NDI Ref 1.24 (0.83, 1.87) 1.22 (0.79, 1.88) 1.76 (1.20, 2.57) 1.57 (1.05, 2.35)
Cerebral palsy Ref 0.76 (0.41, 1.39) 0.73 (0.39, 1.40) 0.96 (0.55, 1.69) 0.83 (0.46, 1.50)
Cognitive score < 85 Ref 1.22 (0.80, 1.87) 1.22 (0.78, 1.91) 1.27 (0.84, 1.92) 1.07 (0.69, 1.65)
Cognitive score <70 Ref 0.87 (0.38, 2.00) 0.92 (0.38, 2.19) 0.86 (0.38, 1.93) 0.78 (0.33, 1.84)
Motor score < 85 Ref 0.90 (0.62, 1.32) 0.93 (0.62, 1.39) 1.31 (0.92, 1.86) 1.10 (0.76, 1.61)
Motor score < 70 Ref 0.91 (0.49, 1.69) 0.90 (0.47, 1.72) 1.12 (0.63, 2.00) 0.89 (0.48, 1.65)
Language score <85 Ref 1.29 (0.95, 1.76) 1.25 (0.90, 1.72) 1.32 (0.97, 1.79) 1.17 (0.85, 1.62)
Language score <70 Ref 1.46 (0.87, 2.46) 1.54 (0.89, 2.67) 1.92 (1.17, 3.15) 1.73 (1.02, 2.91)
Visual impairment Ref 0.80 (0.24, 2.64) 0.56 (0.14, 2.28) 1.27 (045, 3.61) 0.97 (0.33, 2.87)
Hearing impairment Ref 1.35 (0.76, 2.38) 1.30 (0.72, 2.35) 1.50 (0.87, 2.59) 1.38 (0.79, 2.43)

Abbreviations: aOR, adjusted odds ratio; Cl, confidence interval; NDI, neurodevelopmental impairment.

they switch to different oxygen concentration and data were
analyzed based on the timing of change and not based on what
the infants received. The most important difference is that
previous study was asking question of 'what is unit practice/
guideline' whereas current study is data based on 'what the
individual baby received'. Current study is an extension and
improvement over previous study. Recently, Oei et al. reported a
randomized trial of preterm < 32 weeks who were initiated with
either room air or 100% O2 and titrated to achieve a target oxygen
saturation of 65 to 95% at 5min and 85% to 95% until NICU
admission.>® The authors observed no significant difference in the
overall mortality rate between the two groups. However,
subgroup analysis of infants <28 weeks gestation showed
higher neonatal mortality in the group resuscitated with room air
compared to 100% oxygen group (22 versus 6%). The primary
outcome of the study was death and major disability at 2 years CA,
the results are still awaited. The authors cautioned while
interpreting the above results because of small sample size as

© 2017 Nature America, Inc.,, part of Springer Nature.

the study was stopped after recruiting only 15% of the targeted
sample size due to slow enrollment. In contrast, our study includes
infants who were actually treated with specific oxygen concentra-
tions at the beginning of resuscitation, where we observed no
significant difference in mortality after adjustment for confound-

ing factors.
The strengths of our study include: a large population-based
sample of inborn neonates admitted to level Il NICUs with

prospective data collection, uniform definitions, standardized
neurodevelopmental outcome evaluations and sufficient follow-
up rates. However, our study has some limitations due to the
retrospective nature of this secondary analysis. The centers
participated in Canadian Neonatal Network follow the neonatal
resuscitation program guidelines including titration of oxygen to
meet targeted saturation. However, for the duration of the study,
there was no uniform policy for oxygen initiation or titration and it
was left to the individual sites. The exact concentration of starting
FiO, in the intermediate O, group was not recorded. Most NICUs
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that used an intermediate oxygen concentration used a FiO, of
0.30 to 0.60. The database also did not have information regarding
the indication for choice of initial oxygen concentration and
whether it was center, practitioner or neonate dependent.

CONCLUSIONS

In conclusion, marked variation in start-up oxygen concentration
in the resuscitation of extremely preterm neonates was identified.
There was no significant difference in the primary composite
outcomes of (a) death or NDI and (b) death or severe NDI at 18 to
21 months CA between infants who received room air,
intermediate oxygen concentration or 100% oxygen at the
initiation of resuscitation. However, use of 100% oxygen at the
initiation of delivery room resuscitation was associated with
increased odds of severe NDI at 18 to 21 months CA among
survivors. The correct oxygen concentration to initiate resuscita-
tion of extremely preterm infants has yet to be determined and
future randomize trials should focus on the assessment of long-
term neurodevelopmental outcomes.
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