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Early Hyperoxemia and 2-year Outcomes in Infants with Hypoxic-ischemic
Encephalopathy: A Secondary Analysis of the Infant Cooling

Evaluation Trial

Shiraz Badurdeen, MPRCPCH, PhD1,2,3,4, Jeanie L. Y. Cheong, FRACP, PhD1,4,5,6, Susan Donath, MA7,

Hamish Graham, FRACP, PhD2,5, Stuart B. Hooper, PhD8,9, Graeme R. Polglase, PhD8,9, Sue Jacobs, FRACP, PhD1,4,6,

and Peter G. Davis, FRACP, MD1,4,6

Objective To determine the causal relationship between exposure to early hyperoxemia and death or major
disability in infants with hypoxic-ischemic encephalopathy (HIE).
Study designWe analyzed data from the Infant Cooling Evaluation (ICE) trial that enrolled newborns ³35 weeks’
gestation with moderate-severe HIE, randomly allocated to hypothermia or normothermia. The primary outcome
was death or major sensorineural disability at 2 years. We included infants with arterial pO2measured within 2 hours
of birth. Using a directed acyclic graph, we established that markers of severity of perinatal hypoxia-ischemia and
pCO2 were a minimally sufficient set of variables for adjustment in a regression model to estimate the causal rela-
tionship between arterial pO2 and death/disability.
Results Among 221 infants, 116 (56%) had arterial pO2 and primary outcome data. The unadjusted analysis re-
vealed a U-shaped relationship between arterial pO2 and death or major disability. Among hyperoxemic infants
(pO2 100-500 mmHg) the proportion with death or major disability was 40/58 (0.69), while the proportion in nor-
moxemic infants (pO2 40-99 mmHg) was 20/48 (0.42). In the adjusted model, hyperoxemia increased the risk of
death or major disability (adjusted risk ratio 1.61, 95% CI 1.07-2.00, P = .03) in relation to normoxemia.
Conclusion Early hyperoxemia increased the risk of death or major disability among infants who had an early arterial
pO2 in the ICE trial. Limitations include the possibility of residual confounding and other causal biases. Further work is
warranted to confirm this relationship in the era of routine therapeutic hypothermia. (J Pediatr 2024;267:113902).
T
he past 2 decades have brought into focus the potential dangers of hyperoxia in critically ill patients across age spec-
trum.1,2 Studies in term newborns were among the first to provide clinical evidence in this regard; quasi-randomized
trials found lower mortality when resuscitation commenced in room air vs 100% oxygen.3 While these studies evaluated

newborns with mild degrees of perinatal hypoxic-ischemia, at the more severe end of the spectrum of perinatal hypoxic-
ischemia there are scarce data on the effect of oxygen exposure for term infants.4 Despite the introduction of therapeutic hy-
pothermia in high-resource settings, these infants continue to suffer a 40%-50% risk of death or moderate-to-severe disability.5

Across the world, birth asphyxia is the second largest contributor to neonatal mortality.6 As availability of oxygen grows in
lower resourced settings,7 the question of whether hyperoxia may cause harm in infants with perinatal hypoxic-ischemia
has become increasingly important.
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Recommendations regarding supplemental oxygen use for infants with peri-
natal hypoxic-ischemia are limited. Following the commencement of resuscita-
tion in room air, guidelines suggest increasing the fraction of inspired oxygen
(FiO2) to 100% if chest compressions are commenced.8 Once the circulation is
restored, FiO2 is typically titrated to target oxygen saturations levels (SpO2)
that have been observed in well infants during healthy fetal-to-neonatal transition.
This strategy may result in excess oxygen delivery relative to cerebral oxygen con-
sumption.9 Following admission to neonatal intensive care, there are no specific
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SpO2 Arterial oxygen saturation

BSID-II Bayley Scales of Infant Development II

CP Cerebral palsy

DAG Directed acyclic graph
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HIE Hypoxic ischemic encephalopathy

pO2 partial pressure of oxygen

pCO2 partial pressure of carbon dioxide

1

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.jpeds.2024.113902
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jpeds.2024.113902&domain=pdf


THE JOURNAL OF PEDIATRICS � www.jpeds.com Volume 267 � April 2024
recommendations for SpO2 targets. Recent data suggest that
SpO2 between 95% and 98% results in a 30% likelihood of hy-
peroxemia (pO2 > 99 mmHg) among mechanically ventilated
term infants.10

Whether exposure to hyperoxemia in the first few hours
after resuscitation contributes to multiorgan injury is
unknown. This question has recently garnered significant in-
terest in pediatric and adult intensive care settings.11,12 Previ-
ous studies in term infants with hypoxic-ischemic
encephalopathy (HIE) showed a possible association between
early hyperoxemia and adverse outcomes.13-15 To explore
this question further using modern causal inferencemethods,
we used the dataset from the Infant Cooling Evaluation (ICE)
randomized trial of therapeutic hypothermia.16 We aimed to
evaluate whether exposure to hyperoxemia following resusci-
tation was causally related to death or major sensorineural
disability compared with normoxemia.
Methods

The Research Ethics Office of the Royal Children’s Hospital,
Melbourne, approved the secondary use of participant data
from the ICE trial for this analysis (Reference: QA/97 681/
RCHM-2023). The ICE trial was a randomized controlled
trial conducted at 28 neonatal intensive care units in
Australia, New Zealand, Canada, and the United States be-
tween 2001 and 2007.16 The trial was approved by the human
research and ethics committee at each participating site. Par-
ents/guardians of participants provided written informed
consent. Newborns of 35 weeks’ gestation or more were
eligible if they had evidence of moderate or severe encepha-
lopathy based on modified Sarnat criteria and indicators of
peripartum hypoxia-ischemia. Infants were excluded if hypo-
thermia could not start within 6 hours of birth, if the birth
weight was less than 2 kg, if major congenital abnormalities
were suspected, if there was overt bleeding, if the infant
required more than 80% inspired oxygen, if death was immi-
nent (refractory hypotension or acidosis unresponsive to
treatment), or if therapeutic hypothermia had commenced
before assessment.

Infants were randomized to either whole-body hypother-
mia to 33.5�C for 72 hours or normothermia. The primary
composite outcome was death or major sensorineural
disability at 2 years of age. Major sensorineural disability
comprised neuromotor delay (cerebral palsy [CP] in which
the child was not walking [moderate CP] or was unlikely to
walk [severe CP] at 2 years, a Psychomotor Development In-
dex score on the Bayley Scales of Infant Development II
[BSID-II] of less than �2 SDs, a Motor Composite Scale
score on the BSID-III of less than�2 SDs, or a disability level
on the Gross Motor Function Classification System of 2-5),
developmental delay (a Mental Development Index score
on the BSID-II of less than�2 SDs or a Cognitive Scale score
or a Language Composite Scale score on the BSID-III of less
than �2 SDs), blindness, and/or deafness requiring amplifi-
cation or worse.
2

Participants
We included all infants in the ICE trial who had an arterial
blood pO2 measured within 2 hours of birth. This time
cut-off was selected as the exposure of interest was hyperoxe-
mic exposure following resuscitation and most arterial blood
samples were taken within this timeframe.

Analysis
We plotted a locally estimated scatterplot smoothing (loess)
curve to describe the unadjusted, univariable relationship be-
tween arterial pO2 and the probability of death or disability
(R V.3.6.2, R Foundation, Vienna, Austria). For the adjusted
analysis, we considered variables that may be associated with
both the exposure and the outcome based on clinical experi-
ence and previous studies.13-15 To characterize the relation-
ships between variables, we created a directed acyclic graph
(DAG) using the Dagitty web-based application.17 We used
the DAG to establish a minimally sufficient adjustment set
of variables needed to estimate the causal relationship be-
tween early hyperoxemia and death or disability.
Given thenonlinear univariable relationshipbetweenarterial

pO2 and the study outcome, we dichotomized the exposure to
normoxemia (40-99 mmHg) and hyperoxemia (100-
500 mmHg).10,13,18 Infants with pO2 < 40 mmHg (hypoxemic
range, n = 5) and extremeoutliers for pO2 (>500mmHg, n= 5)
were excluded from the model. Based on the adjustment vari-
ables identified in theDAG,weperformed log-binomial regres-
sion to calculate the adjusted estimate of the causal effect of
hyperoxemia on the outcome of death/disability. We report
the adjusted risk ratio, 95% confidence intervals and P value,
with a prespecified statistical significance threshold of
P < .05. We considered exploring whether the effect estimate
of hyperoxemia on death/disability was modified by the
randomly allocated trial intervention (cooling). However,
interaction/subgroup analyses were considered inappropriate
given the lack of statistical power with the relatively small num-
ber of participants for this analysis.
Given baseline random imbalances in the proportion of in-

fants cooled between the normoxemia and hyperoxemia
groups, a post-hoc sensitivity analysis was performed adjust-
ing for cooling. Severity of encephalopathy was considered a
contentious confounder. It may be a mediator on the causal
path between the exposure and outcome (ie, early hyperoxe-
mia may exacerbate encephalopathy, leading to an increased
risk of death/disability), or it may be a common cause of
exposure and outcome (ie, a confounder). Therefore, a
further sensitivity analysis was performed, adjusting for the
potential confounding effect of severity of encephalopathy.
Results

Among the 221 infants in the ICE trial, n = 121 (55%) had an
arterial blood gas pO2 available within 2 hours of birth. Five
of these infants (4%) had no data for the primary outcome.
As this proportion was small, these infants were excluded
from the analysis. Eighty-three infants with a blood gas
Badurdeen et al
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obtained via the capillary, venous, or unspecified route were
excluded. Included infants had similar baseline characteris-
tics (Table III; available at www.jpeds.com) except for a
lower proportion with seizures (27% vs 41%). The
proportion of infants with death or major disability was
also similar (57% vs 61%).

The baseline characteristics of included infants (n = 116)
are shown in Table I. Seventy-eight percent of infants had
moderate or severe encephalopathy and 52% received
whole-body hypothermia. Death or major sensorineural
disability at 2 years of age occurred in 66 (57%). Thirty-
five (30%) infants died.

In the unadjusted analysis, infants near the normoxic range
of pO2 (40-99 mmHg) had the lowest probability of death or
disability in comparison to hypoxemic and hyperoxemic in-
fants (Figure 1). The probability of death or disability
plateaued at pO2 > 200 mmHg. Excluding extreme outliers
(pO2 > 500 mmHg, n = 5), the proportion with death or
disability among hyperoxemic infants was 40/58 (0.69),
which was higher than the proportion among normoxemic
infants, 20/48 (0.42), relative risk 1.66 (95% CI 1.14 - 2.41).

A DAG model (Figure 2) informed the following
minimally sufficient adjustment set of variables for
estimating the causal effect of early hyperoxemia with
Table I. Baseline characteristics of included infants

Included infants

n (%) 116
Intrapartum complications, n (%)
Cord prolapse 10 (9)
Shoulder dystocia 10 (9)
Antepartum haemorrhage 23 (20)
Other sentinel event 31 (27)
Caesarean birth 59 (51)

Neonatal
Gestation, wk, mean (SD) 39.1 (1.8)
Birth weight, g, mean (SD) 3348 (588)
Male, n (%) 63 (54)
Birth outside a tertiary maternity hospital, n (%) 63 (54)
Apgar score at 1 min, median (IQR) 1 (0-2)
Apgar score at 5 min, median (IQR) 3 (1-4)
Apgar score at 10 min, median (IQR) 4 (3-5)

Resuscitation, n (%)
Ventilation 116 (100)
Chest compressions 73 (63)
Epinephrine 52 (45)

Peripartum hypoxia-ischaemia
Apgar score £5 at 10 min, n (%) 101 (87)
Resuscitation or ventilation at ³ 10 min, n (%) 114 (98)
Cord or infant pH within 2 h of birth, mean (SD) 6.92 (0.22)

Encephalopathy at assessment, n (%) 114 (98)
Mild 23 (20)
Moderate 61 (53)
Severe 30 (26)

Seizures, n (%) 31 (27)
Received therapeutic hypothermia, n (%) 60 (52)
Outcomes, n (%)
Death or major disability 66 (57)
Death 35 (30)
Major disability 31 (27)

Early Hyperoxemia and 2-year Outcomes in Infants with Hypoxic-i
Infant Cooling Evaluation Trial
death or disability: pH, Apgar score at 10 min, time to first
breath, chest compressions duration, adrenaline during
cardiopulmonary resuscitation, first arterial pCO2. The
univariable relationship with death or disability for each of
these variables is shown in Table II.
In the regression model that included the covariates iden-

tified for adjustment from the DAG, hyperoxemia (admis-
sion arterial pO2 ³ 100 mmHg) was causally associated
with an increased risk of death/disability (adjusted risk ratio
1.61, 95% CI 1.07-2.00, P = .03) in relation to normoxemia
(pO2 40-99 mmHg).
In sensitivity analyses that included cooling and severity of

encephalopathy in the regression models (Figures 3-5), the
adjusted risk ratio for hyperoxaemia vs normoxaemia were
1.54 (95% CI 0.98-1.96, P = .06) and 1.67 (95% CI 1.11-2.07,
P = .02) respectively. Including both cooling and severity of
encephalopathy, the adjusted risk ratio for hyperoxaemia vs
normoxaemia was 1.58 (95% CI 0.99-2.03, P = .06).
Discussion

In this secondary causal analysis of data from infants in the
ICE trial, we found that arterial hyperoxemia within 2 hours
Missing (n)

Arterial pO2 within 2 h of birth

Hypoxaemic
<40 mmHg

Normoxaemic
40-99 mmHg

Hyperoxaemic
‡100 mmHg

5 (4%) 48 (41%) 63 (54%)

0 0 3 (6) 7 (11)
0 0 4 (8) 6 (10)
0 1 (20) 10 (21) 12 (19)
0 1 (20) 12 (25) 18 (29)
0 0 26 (54) 33 (53)

0 38.6 (1.3) 39.1 (1.7) 39.2 (1.8)
0 3205 (278) 3365 (644) 3346 (565)
0 2 (40) 24 (50) 37 (59)
0 0 21 (44) 42 (67)
0 2 (1-2) 1 (0-2) 1 (0-1)
0 3 (2-5) 3 (1-4) 3 (3-5)
1 4 (4-5) 5 (3-5) 4 (3-5)

0 5 (100) 48 (100) 63 (100)
0 2 (40) 30 (63) 41 (65)
0 1 (20) 21 (44) 30 (48)

1 4 (80) 40 (83) 56 (89)
0 5 (100) 47 (98) 62 (98)
2 6.87 (0.29) 6.95 (0.21) 6.91 (0.23)
2 5 46 63

2 (40) 10 (21) 11 (17)
1 (20) 29 (60) 31 (49)
2 (40) 7 (15) 21 (33)

0 0 (0) 9 (19) 22 (35)
0 3 (60) 29 (60) 28 (44)

0 4 (80) 20 (42) 42 (67)
0 2 (40) 7 (15) 26 (41)
0 2 (40) 13 (27) 16 (25)

schemic Encephalopathy: A Secondary Analysis of the 3
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Figure 1. Loess curve showing the unadjusted probability
( � 95% CI) of death or major sensorineural disability in rela-
tion to arterial pO2 measured within 2 hours of birth. The yel-
low shaded area highlights the normoxemic range (pO2 40-
99 mmHg). Dots represent individual infants (n = 111) who
either did (plotted at y = 1) or did not (plotted at y = 0) have the
study outcome. Extreme outliers with arterial
pO2 > 500 mmHg were excluded (n = 5).
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of birth increased the risk of death or disability, following
adjustment for severity of perinatal hypoxic-ischemia and
pCO2. This finding is contingent upon sufficient adjustment
for confounding and assuming there are no residual causal or
parametric biases. The confidence intervals from sensitivity
analyses adjusting for cooling and severity of encephalopathy
indicate that the effect of hyperoxemia on death or major
disability could range between no increase in risk to an
approximately doubling of risk.

Our findings are in keeping with Kapadia et al., who found
in a cohort of 120 infants that the risk of developing moder-
ate to severe HIE within 6 hours of birth was associated with
arterial pO2 > 100 mmHg within the first hour after birth.13

An early retrospective study from the pre-hypothermia era
found an association between death or disability at 2 years
of age and arterial pO2 > 200 mmHg within 2 hours of birth,
severe hypocarbia and time to regular breathing.14 However,
Pappas et al in their analysis of data from the National Insti-
tute of Child Health and Human Development Neonatal
Research Network trial of whole-body hypothermia found
no univariable association between early hyperoxemia and
death/disability at 18-22 months of age.15 An important
methodological limitation across these studies is the
grouping together of hypoxemic and normoxemic infants
into the comparator group. Given the U-shaped relationship
that has also been described in the pediatric and adult litera-
ture,2,19 this approach would likely overestimate risk in the
nonhyperoxemic group and therefore underestimate the
4

effect of hyperoxemia. Comparing hyperoxemia to normox-
emia addresses the clinical question of interest and increases
the ability to detect an association if one exists.
Several preclinical studies lend biological plausibility to

our findings. Dalen et al. found that in moderately asphyxi-
ated rats, the neuroprotective effect of therapeutic hypother-
mia was nearly fully negated by the increase in injury when
using 100% oxygen for 30 minutes during reoxygenation
when compared with room air.20 Koch et al found that reox-
ygenation in 100% oxygen for 30 minutes caused accumula-
tion of the oxidative metabolite nitrotyrosine, depleted
preoligodendrocyte glial progenitors and impaired func-
tional recovery of asphyxiated mice when compared with re-
oxygenation in room air.21 Studies in piglets, however, found
no differences in the neural injury marker S100 calcium bind-
ing protein B or other innate immune cytokines following
30 minute of exposure to 100% oxygen.22,23 More recently,
we and others found in asphyxiated lambs that marked expo-
sure to cerebral hyperoxia occurs as early as in the first few
minutes following return of circulation with current strate-
gies of supplemental oxygen use.9,24-26

A strength in our study was the careful consideration of
variables that may confound the relationship between early
hyperoxemia and death/disability. Clinicians providing
advanced resuscitation to infants with severe perinatal
hypoxic-ischemia are likely to use high concentrations of
supplemental oxygen both during resuscitation and in the
early stabilization phase. Exposure to hyperoxemia may,
however, directly contribute to cellular injury that leads to
encephalopathy and death/disability. To better establish
these relationships, we used DAGs to help visualize and
clarify causal relationships among variables, identifying
both confounders and mediators of the causal pathways be-
tween early hyperoxemia and death/disability. Sensitivity an-
alyses that additionally adjusted for the imbalance in the
proportion of infants cooled and the contentious confounder
of severity of encephalopathy suggested a similar direction of
effect of hyperoxemia on death or major disability, although
this was not statistically significant.
This study has important limitations. As with any non-

randomized study, residual confounding is likely to remain.
DAGs rely on accurate causal assumptions, and the identifi-
cation of all relevant variables may be challenging, poten-
tially leading to biased results if key factors are omitted or
incorrectly specified. The sample size is limited, particularly
as the analysis was restricted to infants who had an arterial
blood gas taken within 2 hours of birth. We were unable
to estimate the relationship between hyperoxemia and
death/disability in infants who had a capillary or venous
blood sample as the relationship with arterial pO2 is un-
known. We were also unable to evaluate whether restricting
inclusion to infants with an arterial sample resulted in
important selection bias that affected the causal relationship
between pO2 and death/disability. However, the baseline
characteristics of excluded infants was very similar to infants
Badurdeen et al



Figure 2. (A) Directed acyclic graph (DAG), with arrows used to indicate pathways between exposure (Early hyperoxemia) and
outcome (Death/disability). The green lines highlight the direct and indirect paths representing the causal relationship under
investigation. The diagram includes covariates that are unmeasured (grey), ancestors of outcome (blue), and ancestors of
exposure and outcome (red). A minimal sufficient adjustment set consisting of measured variables (white) were identified to
examine the causal relationship between exposure and outcome.
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included in the analysis (Table III; available at www.jpeds.
com). The ICE trial was conducted during a period when
the dangers of hyperoxia were less well recognized and
oxygen is likely to have been more liberally used than in
current practice. However, FiO2 > 80% was an exclusion
criterion for trial enrolment. Finally, we did not have data
to calculate cumulative oxygen exposure. pO2 over the
first few hours after birth may better characterize oxygen
exposure during the period when the brain is at highest
risk of reperfusion injury. We are not aware of such
oxygen exposure data collected in large studies of infants
Table II. Univariable analysis of the relationship between th
identified for adjustment from the directed acyclic graph wi
arterial pO2 < 40 mmHg (n = 5) and extreme outliers for pO

Infants who died or had
major disability (n = 60)

Infants w
with

disabil

Hyperoxaemia (pO2 ³ 100 mmHg), mmHg 40 (67%) 1
pH, mean (SD)a 6.88 (0.22) 6.9
Apgar at 10 min, median [IQR]b 4 [2 – 5] 4
Time to first breath, min, median [IQR]c 15 [8 – 25] 7 [
Adrenaline 36 (60%) 1
Arterial pCO2, mmHg, median [IQR]

d 31 [23 – 44] 35 [

aData for pH was missing for 2 infants.
bData for Apgar score at 10 minutes was missing for 1 infant. Unadjusted risk ratios are for log tra
cData for time to first breath was missing for 7 infants. Unadjusted risk ratios are for log transform
dData for arterial pCO2 was missing for 2 infants. Unadjusted risk ratios are for log transformed val
eThe adjusted estimate and P value for hyperoxaemia was derived from a log-binomial model that in
formed), Adrenaline, and Arterial pCO2 (log transformed). Adjusted estimates for the covariates are

Early Hyperoxemia and 2-year Outcomes in Infants with Hypoxic-i
Infant Cooling Evaluation Trial
with HIE. Instead, for this analysis we relied on a cross-
sectional measurement of arterial pO2 at the time of first
blood gas analysis that may not be representative of
overall oxygen burden. However, the requirement for an
early blood gas (ideally within 1 h of birth) in the ICE
study protocol meant that there was a degree of
consistency in the timing of blood gas sampling.
At present, early hyperoxia is not considered in clinical

practice to be an outcome modifier for death/disability in in-
fants with HIE. Minimum core datasets, including HIE reg-
istries, may not currently include admission pO2 and
e exposure of interest (hyperoxaemia) and the covariates
th the study outcome (death/disability). Infants with

2 (>500 mmHg, n = 5) were excluded

ho survived
out major
ity (n = 46)

Unadjusted risk
ratio (95% CI)

Adjusted risk
ratio (95% CI)e

P value from
adjusted modele

8 (39%) 1.66 (1.21 – 2.00) 1.61 (1.07 – 2.00) .03
8 (0.20) 0.23 (0.03 – 0.87)
[3 – 5] 0.53 (0.24 – 0.90)
4 – 10] 1.31 (1.15 – 1.45)
3 (28%) 1.74 (1.31 – 2.06)
28 – 42] 0.74 (0.40 – 1.11)

nsformed values.
ed values.
ues.
cluded as covariates pH, Apgar at 10 minutes (log transformed), Time to first breath (log trans-
not shown as they are not interpretable in a causal inference framework.

schemic Encephalopathy: A Secondary Analysis of the 5
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Figure 3. Directed acyclic graph for sensitivity analysis that includes cooling in the adjustment set of variables.
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specify route of collection.27 In contrast, the use of room air
for commencing ventilation in infants with lesser degrees of
perinatal hypoxic-ischemia (those not needing chest com-
pressions) is now well established.8 The recognition that hy-
peroxia contributes to death and oxidative stress in these
infants was confirmed in several quasi-randomized trials.3

However, no prospective studies evaluating the impact of hy-
peroxia have been conducted in infants with more severe
Figure 4. Directed acyclic graph for sensitivity analysis that inclu
ables.

6

degrees of perinatal hypoxic-ischemia. These infants are
more susceptible to oxidative injury from depleted antioxi-
dants, mitochondrial dysfunction, and altered cerebral au-
toregulation.28 The findings from this exploratory study
should encourage further work to confirm the relationship
between hyperoxia and death/disability in the current era
of routine therapeutic hypothermia and improved titration
of supplemental oxygen. If excess oxygen exposure is indeed
des severity of encephalopathy in the adjustment set of vari-

Badurdeen et al



Figure 5. Directed acyclic graph for sensitivity analysis that includes both cooling and severity of encephalopathy in the
adjustment set of variables.

April 2024 ORIGINAL ARTICLES
found to contribute to injury in infants with HIE, avoidance
of hyperoxia could represent a simple and readily available
way to improve outcomes for infants with HIE worldwide.

Strategies to avoid hyperoxia may require a reappraisal of
how we target oxygenation in the immediate postresuscita-
tion phase. Following return of circulation, resuscitation rec-
ommendations provide either no clear guidance or
recommend the targeting of preductal SpO2 levels observed
in healthy infants.8,29 Recent animal studies have found
that the immediate period following return of circulation is
a critical window for limiting exposure to hyperoxia.9,24-26

This period is characterized by restoration of cardiac output
to the lungs and a catecholamine-driven postasphyxial surge
of oxygenated blood to the brain. Historically, the focus has
been on oxygen use during cardiopulmonary resuscitation,
but blood flow to end-organs is minimal and hyperoxic
exposure unlikely, irrespective of concentration of oxygen
used.9,25,26 Beyond the delivery room, impaired cerebral au-
toregulation is well recognized in infants with HIE.30 The
suppression of neuronal activity that characterizes the latent
phase results in a lower threshold for excess cerebral oxygen
delivery in relation to consumption. These lines of evidence
provide a physiological basis for cerebral tissue hyperoxia
despite oxygen saturation and pO2 levels that would be
considered normal in well infants. Prospective studies evalu-
ating lower or dynamic SpO2 targets, and/or incorporating
the use of Near Infrared Spectroscopy, may be warranted if
our findings in this study are replicated in larger and more
recent datasets.n
Early Hyperoxemia and 2-year Outcomes in Infants with Hypoxic-i
Infant Cooling Evaluation Trial
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