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Objective To evaluate the changes in preductal oxygen saturation (SpO2) and heart rate in preterm infants re-
ceiving continuous positive airway pressure (CPAP) and/or positive-pressure ventilation (PPV) at birth.
Study design A prospective observational study at birth of infants aged <32 weeks separated into 2 gestational
age (GA) groups: 230/7-276/7 weeks (group 1) and 280/7-316/7 weeks (group 2). Infants received delayed cord clamp-
ing (DCC) in accordance with institutional protocol. CPAP and/or PPV was applied at the clinical team’s discretion.
SpO2 and heart rate were recorded every minute for 10 minutes. Preductal SpO2 was targeted according to pub-
lished nomograms. For heart rate, the goal was to maintain a stable heart rate >100 bpm.
Results The study cohort comprised 96 group 1 infants (mean GA, 26 ± 1 weeks; mean birth weight, 818 ± 208 g)
and 173 group 2 infants (mean GA, 30 ± 1 weeks; mean birth weight, 1438 ± 374 g). In general, infants requiring
respiratory support reached target values for heart rate and SpO2 more slowly than the published nomograms for
spontaneously breathing preterm infants without respiratory support. Infants receiving CPAP reached SpO2 and
heart rate targets faster than infants receiving PPV. In group 1, but not group 2 infants, DCC resulted in higher
SpO2 and heart rate.
Conclusion SpO2 and heart rate do not quickly and reliably reach the values achieved by spontaneously breath-
ing preterm infants not requiring respiratory support. (J Pediatr 2017;182:41-6).

Clinical signs (eg, tone, heart rate, breathing) are used to guide delivery room resuscitation interventions.1 Although some
healthy, spontaneously breathing term infants immediately after birth may have a heart rate <100 bpm, bradycardia
might pose a threat to preterm infants.2 Guidelines recommend that if heart rate is <100 bpm or the infant is apneic at

1 minute after birth, positive-pressure ventilation (PPV) should be initiated.1 Once the infant breathes spontaneously, PPV should
be stopped and the infant supported with continuous positive airway pressure (CPAP).1 During mask PPV and CPAP, the frac-
tion of inspired oxygen (FiO2) should be adjusted to target a predefined preductal oxygen saturation (SpO2) range.1

The currently used SpO2 target range is based on data from healthy term and late-preterm infants3,4; data have not been col-
lected from nonvigorous infants born at gestational age (GA) <32 weeks requiring medical intervention. Using the SpO2 target
ranges for more mature or vigorous infants might expose smaller and sicker infants to hypoxia or hyperoxia.5 The current Neo-
natal Resuscitation Program (NRP) guidelines recommend initiating resuscitation with a low oxygen concentration (21%-30%)
in preterm infants and adjusting FiO2 to achieve SpO2 target values.1 The most appropriate time-specific SpO2 targets for pre-
mature newborns have not been defined, however.

We hypothesized that infants born at GA <32 weeks will have lower SpO2 values than the current target range proposed by
current international neonatal resuscitation guidelines or the NRP.6 The aim of this study was to assess SpO2 changes in the
first 10 minutes after birth in infants born at GA <32 weeks receiving CPAP and/
or PPV relative to published nomograms and recommendations. A secondary aim
was to assess whether delayed cord clamping (DCC) influences SpO2 and/or heart
rate in these infants.

CPAP Continuous positive airway pressure
DCC Delayed cord clamping
ECC Early cord clamping
ECG Electrocardiography
FiO2 Fraction of inspired oxygen
GA Gestational age
ICC Immediate cord clamping
NRP Neonatal Resuscitation Program
PPV Positive-pressure ventilation
SpO2 Oxygen saturation
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Methods
This observational study was carried out at the Royal Alex-
andra Hospital, Edmonton, a tertiary perinatal center admitting
approximately 360 infants born at <32 weeks to the neonatal
nursery annually. The Research Committee and Health Ethics
Research Board, University of Alberta (Pro00034524), ap-
proved the study. Between June 2013 and August 2014, 270
deliveries of infants at GA <32 weeks were attended by the
research team, when available, in addition to the resuscitation-
stabilization-triage team usually consisting of a neonatal
nurse, neonatal respiratory therapist, neonatal nurse practi-
tioner, and neonatal fellow and/or consultant neonatologist.
The research team was not involved in the clinical care of the
infants.

The Health Ethics Research Board of the University of Alberta
granted deferred consent, because basic monitoring of SpO2

and heart rate are routinely used in the hospital’s delivery room.
The study was therefore classified as “minimal risk”. Written
consent was sought from the parents of the infants as soon as
possible after the birth so acquired data could be utilized for
research.

Inclusion criteria were inborn infants of GA 230/7-316/7 weeks,
requiring breathing support in the first minutes after birth, and
availability of the research team. Infants were excluded for any
congenital abnormality or condition that might have an adverse
effect on breathing or ventilation, such as congenital diaphrag-
matic hernia or congenital heart disease requiring interven-
tion in the neonatal period. Infants were also excluded if
parental consent could not be obtained.

A timer was started when the infant was born. Pulse oxim-
etry and electrocardiography (ECG) were initiated as soon as
the infant was put on the resuscitation bed. All resuscitative
measures were at the discretion of the clinical team, follow-
ing the 2010 NRP guidelines.6 In accordance with institu-
tional protocol, infants received DCC for 60 seconds unless
deemed inappropriate by the obstetric team (for, eg, lack of
vigor, apnea, bradycardia).7 Resuscitation was started with air
in infants of GA ≥29 weeks and with 30% oxygen in infants
of GA <29 weeks. Respiratory support was provided using an
appropriate-sized round silicone facemask (Fisher & Paykel
Healthcare, Auckland, New Zealand or Laerdal Inc, Stavan-
ger, Norway8) and a T-piece device (Giraffe Warmer; GE Health
Care, Burnaby, Canada). The default settings were a gas flow
of 8 L/min, peak inflation pressure of 24 cm H2O, and posi-
tive end-expiratory pressure of 6 cm H2O. Staff were trained
to use the T-piece and were familiar with both facemasks. Ac-
cording to the NRP recommendations,9 the goal was to achieve
a preductal SpO2 of 60%-65% at 1 minute, 65%-70% at
2 minutes, 70%-75% at 3 minutes, 75%-80% at 4 minutes, 80%-
85% at 5 minutes, and 85%-95% at 10 minutes, as well as a
stable heart rate >100 bpm. If required, the clinical staff changed
the FiO2 by 10% every minute.10

A Masimo Radical pulse oximeter probe (Masimo Corp,
Irvine, California) was placed around the infant’s right hand
or wrist to measure preductal SpO2 with maximum sensitiv-
ity and a 2-second averaging time once the infant was placed

on the resuscitation table. Heart rate was measured using 3
Micro-Premie ECG leads simultaneously with pulse oxim-
etry (Vermed, Bellows Falls, Vermont). SpO2 and heart rate were
displayed continuously on an IntelliVue MP50 monitor (Philips
Healthcare, Markham, Canada) and stored in a multichannel
system (Alpha Trace Medical Systems, Vienna, Austria) for sub-
sequent analysis.

Demographic data were recorded, and the infants were
divided into groups according to the World Health Organi-
zation classification scheme11 as extremely preterm, 230/7-
276/7 weeks GA (group 1) and very preterm, 280/7-316/7 weeks
GA (group 2). Each group was subdivided by cord clamping
technique: immediate cord clamping (ICC), defined as <10
seconds after birth; early cord clamping (ECC), defined as
clamping at >10 seconds and <60 seconds (representing intent
for DCC that was ended by the obstetric team due to the
infant being nonvigorous, apneic, or bradycardic); or DCC,
defined as clamping at ≥60 seconds. We also analyzed infants
by the receipt of CPAP or PPV. Infants who received PPV
during stabilization remained in the PPV group for analysis
even in cases where they were transitioned to CPAP. SpO2

and heart rate data were extracted every minute for the first
10 minutes after birth, and graphs were created comparing
the effects of GA, respiratory intervention, and cord clamp-
ing groups with the published reference ranges. We chose the
heart rate range from Dawson et al because there are no
NRP standards for rise in heart rate.12 The NRP recom-
mends starting PPV only if heart rate is <100 bpm and
starting chest compression if heart rate remains <60 bpm
despite adequate ventilation. Comparisons have not been
made based on birth weight or mode of delivery.

The data are presented as mean ± SD for normally distrib-
uted continuous variables and as median (IQR) when the dis-
tribution is skewed. Statistical analyses were performed with
Stata (Intercooled 10; StataCorp, College Station, Texas). The
study is reported according to the STROBE guidelines.13

Results

Infant demographic data are presented in Table I, and route
of cord clamping and resuscitation are specified in Table II.
The 270 infants included 97 in group 1 and 173 in group 2.

Table I. Demographic data

Characteristics

Group 1
(230/7-276/7 wk);

n = 97

Group 2
(280/7-316/7 wk);

n = 173

GA, wk, mean ± SD 26 ± 1 30 ± 1
Birth weight, g, mean ± SD 818 ± 208 1438 ± 374
Antenatal steroid use, n (%) 87 (84) 163 (94)
Female sex, n (%) 41 (42) 99 (58)
Twins, n (%) 21 (22) 68 (39)
Cesarean delivery, n (%) 64 (66) 128 (74)
Apgar score at 1 min, median (IQR) 4 (2-5) 5 (4-8)
Apgar score at 5 min, median (IQR) 7 (6-8) 7 (6-9)
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