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ARTICLE INFO ABSTRACT

Keywords: Background: Partial oxygen saturation (SpO3) increases within minutes during transition from the intrauterine to
Ne‘m?te extrauterine life. This study aims to determine the postnatal course of pulmonary regional oxygen saturation
Elear'mfrared spectroscopy (rSO,) measured by Near-Infrared Spectroscopy (NIRS).

ung

Methods: We conducted an observational study at the delivery room in infants above 35 weeks of gestation who
did not need resuscitation and did not develop respiratory distress. Preductal pulse oximetry (Covidien Nell-
corTM) and right pulmonary apex oxygen saturation (raSO3) and basal oxygen saturation (rbSO2) (Covidien
INVOSTM) were measured, starting from the postnatal third minute of life, until the 15th minute. The corre-
lations between SpO, and pulmonary rSO, were analyzed.

Results: Of the 110 infants included in the study, 87 were term and 23 were late preterms. The gestational age and
birth weight were 38.5 &+ 1.36 weeks and 3285 + 508 g, respectively. Median (5th-95th percentile) raSO, and
bSO were 79% (58-95%) and 78% (46-95%) at the third minute, respectively. The rSO2 values measured from
both sides increased and reached a steady-state around postnatal 9 min, similar to SpO5 values. The pulmonary
NIRS values were significantly higher for babies born by C-Section compared to babies born by vaginal delivery
(p < 0.05).

Conclusion: We found that rSO2 measurements increased within minutes in the postnatal period in late preterm
and term babies without respiratory distress and reached a plateau at the postnatal 9th minute. The normal
values obtained from this preliminary study may be used to predict the prognosis of cases with respiratory

distress.

1. Introduction

The transition from intrauterine to extrauterine life depends on
complex physiological changes in the cardiovascular and respiratory
systems [1]. Newborn oxygen saturations increase progressively within
a few minutes with the progressive aeration of the lungs [2]. After birth,
preductal oxygen saturations are typically 60-70% at 1-2 min, rising to
80-90% at 5 min [2]. The median time required to reach 90% SpO2 was
7.9 min in the study reported by Dawson [3].

Near-infrared spectroscopy (NIRS) is an easily applicable, non-
invasive, painless continuous monitoring tool which is widely used in
neonatal intensive care units and accepted as a standard of care for
monitoring blood oxygen saturation mainly in the brain, kidney, and
mesentery. Regional oxygen saturation (rSO,) directly reflects the
oxygenation and oxygen metabolism of the tissue [4]. Cerebral and

mesenteric NIRS has been increasingly and more widely used in criti-
cally ill neonates for monitoring the balance between tissue oxygen
delivery and consumption, providing cerebral and somatic oximetry
values, and allowing earlier identification of abnormalities in hemody-
namics and cerebral perfusion [5]. However, there is very limited data
about the clinical application of pulmonary NIRS in neonates, especially
during the transition period.

The primary aim of this prospective study was to define the reference
ranges for regional lung tissue oxygen saturation measured from two
sites: the apex and basal pulmonary regions, during the immediate
neonatal transition period in term and late preterm newborns who did
not need any cardio-respiratory support and/or resuscitation. The aim of
this study was to create reference ranges and centile charts of regional
pulmonary oxygenation during the first 15 min immediately after birth
and evaluate the correlation between pulmonary NIRS and SpOs
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measurements. To the best of our knowledge, this is the first study that
evaluates regional lung oxygenation during the neonatal transition
period in healthy newborns.

2. Methods

This prospective observational study was conducted between
January and October 2020 at the two training and research hospitals.
The study protocol and the parental consent form were approved by the
local ethics committee. The study was conducted following the princi-
ples of the Declaration of Helsinki.

We included infants >35 weeks of gestation who fulfilled the in-
clusion criteria and written informed consent was obtained from the
parents before birth. Resuscitation protocols were performed following
the NRP guidelines. Infants who need respiratory support and/or
resuscitation in the delivery room, infants with congenital malforma-
tions, or chromosomal/syndromal abnormalities were excluded. Ante-
partum medical history, perinatal data, including gestational age, birth
weight, gender, mode od delivery, umbilical artery pH, base excess, cord
blood hemoglobin values, APGAR scores were all recorded. All babies
were observed for 15 min, starting from the 3rd minute after birth.
Measurements were obtained simultaneously by a pulse oximeter (heart
rate and preductal arterial oxygen saturation (SpO») from the right wrist
(Nellcor) and a NIRS monitor (INVOS 5100c monitor, Medtronic, Min-
neapolis, MN, USA) starting from the postnatal 3rd min up to the 15th
min and the values were recorded every minute. Peripheral oxygen
saturation and heart rate were measured continuously with pulse ox-
imetry and the data was transferred to the computer. The neonatal NIRS
sensor was positioned on the right lung apex (raSO,) (second intercostal
space) and basal lung area (rbSO5) (seventh intercostal space).

Statistical analysis was performed with the STATA version 15.1
(Stata Corp, College Station, Tex). We analyzed the data, according to
gender and delivery modes (normal spontaneous vaginal delivery
(NSVD) and Cesarean section (C/S)). The normality assumption for
continuous variables was tested with Kolmogorov Smirnov, skewness
and kurtosis tests, and also with histogram plots. We compared the
measurements obtained from the apex and basal, for gender and mode of
delivery, using the Mann Whitney U test. For the development of linear
models, the data were transformed into longitudinal data, where two
models were developed for the prediction of saturation variable by using
either apex or basal measurement as the independent variable. These
models were created for both strata of genders and delivery types,
separately. A p-value less than 0.05 was considered statistically
significant.

3. Results

During the study period, 128 measurements were performed and 18
infants were excluded due to respiratory distress. Of the 110 infants
included in the study, 87 were term and 23 were late preterm babies.
The gestational age and birth weight were 38.5 + 1.36 weeks and 3285
+ 508 g, respectively. Of these infants, 60% were delivered by C/S and
54.5% were male. APGAR scores at 1 min and 5 min were 9 (5-9) and 10
(8-10), respectively. Cord blood gas of 24 babies could not be obtained.
Mean umbilical artery pH and base excess of the infants were 7.35 +
0.06 and — 1 + 2.95 mmol/L, respectively. The mean cord hemoglobin
value was 16.7 + 1.63 g/dL (Table 1).

Heart rate was always above 100 beats per minute in the whole study
group. Preductal SpO could not be measured in 7 and 4 cases at the 3rd
and 4th minutes, respectively. At 3 min, the preductal median (5th-95th
percentiles) SpO, was 80% (66-92%), reached 85% (73-94%) by 4 min,
90% (82-96) by 5 min and continued to rise to a median of 98%
(91-100%) at 15 min (Fig. 1). SpO; levels reached a steady-state around
9 min. The 4th, 5th, and 6th minute SpO, levels were significantly
higher in those babies born by NSVD compared to those born by C/S (p
< 0.05). When the measurements were compared according to gender,
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Table 1

Demographic data of the study group.
Sex (Male) (%) 60 (54.5)
Mode of delivery (C/S) (%) 66 (60)
Gestational age (week) 38.5 +1.36
Birth weight (g) 3285 + 508
Birth length (cm) 50.7 £ 1.9
Head circumference (cm) 34.6 = 0.95
APGAR 1 min 9(5-9)
APGAR 5 min 10 (8-10)
pH 7.35 £ 0.06
Base excess (mmol/L) -1+295
Cord hemoglobin value (g/dL) 16.7 + 1.63
Maternal disease (n) (%) 14 (12.7)

Hypothyroidism 5

Diabetes mellitus 3
Behcet's disease 2
Epilepsy 2
Asthma 2
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Fig. 1. Graph of changes in saturation in minutes and the percentiles of babies.

boys had significantly higher SpO values at 8, 10 and 15 min compared
to girls, but no such difference was detected at other times (Fig. 2).

Regional NIRS could not be measured in 9 and 6 cases at the 3rd and
4th minutes, respectively. Apex measurements were always higher than
the basal area during all measurements. The raSO5 and rbSO;, were 79%
(58-95%) and 78% (46-95%) at 3 min respectively, increased to 83%
(63-95%) and 79% (47-95%) at 4 min, 85% (66-95%) and 84%
(55-95%) at 5 min. The postnatal increase reached a steady-state around
9 min (Fig. 3).

We developed 10 distinct models for the prediction of saturation
values in distinct population groups. Due to the correlation between the
apex and basal measurements (r = 0.655, p < 0.001), only one predictor
was allowed to use in these linear models. For the whole study popu-
lation, apex measurement had a coefficient of 0.409 (95% CI
0.361-0.457) and the model had a r2 value of 0.170 (Table 2). While
there was no significant difference in the comparison of measurements
according to gender (Fig. 4), a significant difference was found ac-
cording to the mode of delivery. The raSO5 and rbSO5 measurements of
the babies who were born via C/S were significantly higher at minutes
5,6,7,8,9,10, and 15 (p < 0.05) (Fig. 5).

4. Discussion

Regional saturation monitors, also known as NIRS monitors, are
currently available within delivery rooms and NICUs to monitor
regional saturations across time [6]. NIRS technology is a very well
suited tool for newborns. So far, the brain remains the most extensively
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Fig. 3. The percentiles of right pulmonary apex and basal regional oxygen saturations (raSO2 and rbSO2).
Table 2
Linear models for the prediction of saturation.
Population Independent variable Coefficient Confidence Interval (95%) P value r?
Study population Apex 0.409 0.361 0.457 <0.001 0.170
Study population Basal 0.297 0.257 0.337 <0.001 0.146
Female Apex 0.413 0.349 0.476 <0.001 0.211
Male Apex 0.395 0.324 0.467 <0.001 0.138
Female Basal 0.286 0.236 0.337 <0.001 0.191
Male Basal 0.297 0.235 0.359 <0.001 0.105
NSVD Apex 0.284 0.211 0.357 <0.001 0.099
C/S Apex 0.516 0.456 0.577 <0.001 0.296
NSVD Basal 0.264 0.205 0.323 <0.001 0.125
C/S Basal 0.323 0.273 0.374 <0.001 0.199

studied organ by NIRS in newborns, followed by mesenteric, renal, and
skeletal muscle beds [7,8]. Several studies have been conducted to show
the changes of oxygenation during the transition period in those regions
[9-12]. The establishment of those percentiles in healthy newborns
aimed to predict the forthcoming pathologies and prognosis of certain
diseases, and are also used for the decision of intervention during the
immediate postnatal adaptation period [12-14]. Pichler et al. [13]
established reference ranges to help prevent cerebral hypo- and hyper-
oxygenation during the transition period. In the study in which 100
healthy preterm and term babies were followed up for the first 6 h,
cranial NIRS percentiles were created [13]. Apart from cranial mea-
surements, NIRS is also being investigated in the somatic and renal

areas. It is thought that somatic measurements may be more realistic in
newborns, as opposed to adults, due to fewer fat layers and muscles
[15]. It has recently been reported that pulmonary NIRS might reflect
the actual oxygenation of lung tissue in premature infants [4]. However,
there is no study that evaluated the reference pulmonary NIRS values in
neonates during the transition period. Therefore, we performed this
prospective study and established the pulmonary oxygenation percen-
tilles in term and late preterm infants.

In an observational study of 61 infants from birth to the first 9 h of
life, the mean cranial rSO; increased rapidly from 2 min to 7 min
without any other change in term babies delivered by elective C/S, while
the mean renal rSO, and mean splanchnic rSO; increased for 10 min and
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Fig. 4. Regional apex and basal oxygen saturation measurements for gender.
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Fig. 5. Regional apex and basal oxygen saturation measurements according to the mode of delivery.

then remained stable [11]. Similarly, pulmonary NIRS measurements
increased within minutes in the postnatal period in late preterm and
term babies without respiratory distress and reached a plateau at the
postnatal 9th minute in our study.

The aim of our study was to evaluate pulmonary rSO; values during
the transition period in late preterm and term babies and compare it
with SpO; measurements. For a successful transition from the fetal
period to the neonatal period, lung fluid should be cleared and func-
tional residual capacity should be established. In Dawson's study, a
median of 7.9 min (IQR 5-10 min) was required to reach a SpO, value of
>90% [3]. Other studies reported similar results changing between 8
and 15 min [16-20]. In our study, we found that the oxygen saturation
reached 90% at the 5th minute and 95% at the 7th minute, similar to the
studies reported from the literature [16-20].

In our study, we found that SpO5 was significantly higher in those
born by NSVD compared to those born by C/S at the 4th, 5th, and 6th
minutes. Several studies also reported similar results [10,16,20]. Con-
trary to these studies, there are also studies that could not find any
difference between the two delivery modes [21,22]. Therefore, more
clinical studies including larger number of infants are required to
establish the effect of mode of delivery on SpO; levels during the tran-
sition period.

Our study aimed to define reference ranges and centile charts for the

regional lung tissue measured from two sites (the apex and basal lung
region). In a study conducted by Yang et al. [4] evaluating the actual
pulmonary oxygenation status of the premature babies, a positive linear
correlation was found between pulmonary rSOy and SpOz levels in
preterm babies who did not receive oxygen therapy. In our study, raSO,
and rbSO, were measured in infants without respiratory support and
reached a plateau at the same time as SpO; in approximately 9 min.
SpO, values of late preterm and term babies were found to be correlated
with apex and basal NIRS measurements. Therefore, we suggest that
NIRS may clinically be used for monitorization of pulmonary tissue
oxygenation in neonates. We also established reference pulmonary
oxygenation percentilles during the transition period in term and late
preterm infants. However, clinical studies including larger number of
infants with and without respiratory distress with a longer follow-up
time are required to establish the role of pulmonary NIRS values for
clinical use in neonates.

Delayed maturation of lung structure and function causes inhibition
of postnatal adaptation and causes problems such as respiratory distress
to be seen more frequently in boys [23]. However, we did not find any
significant difference between the lung measurements and gender.

Both raSO, and rbSO, measurements after the 4th minute of life were
significantly higher in babies born by C/S in our study. As there are no
other studies evaluating pulmonary rSO; levels, we are not able to
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compare our data with previous studies. However, as pulmonary NIRS
values correlated well with SpO5 values in this study, our results were in
agreement with studies that reported higher SpO, values in infants born
by C/S [24,25]. In contrast, some studies reported higher SpO; values in
infants born by NSVD [20,26]. Therefore, recent clinical studies
including larger number of infants are required to identify the role of
mode of delivery on both cerebral and pulmonary oxygenation during
the transition period.

The small sample size and the inability to perform other regional
measurements simultaneously can be stated as the limitations of our
study. Searching through the literature, we could find only one study on
regional pulmonary NIRS in newborns [4]. Therefore, we were unable to
discuss the available data with the literature.

As far as we know this is the first study on regional pulmonary SO in
late preterm and term neonates without respiratory distress during the
transitional period, just after birth. The impact of pulmonary NIRS
monitoring and interventions on short- and long-term outcomes in ne-
onates during the transition and postnatal period still need to be studied.
Our next step will be a larger randomized controlled trial for the eval-
uation of those centiles in babies with respiratory distress, for the de-
cision of early intervention and for the prediction of their outcomes as
well.

Funding

This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.

CRediT authorship contribution statement

Sinem Gulcan Kersin: Writing- Reviewing and Editing, data curation.
Beril Yasa: Data curation. Merih Cetinkaya: Investigation, project
administration, methodology. Can Ilgin: Formal analysis, software. Eren
Ozek: Conceptualization, supervision. Hiilya Bilgen: Investigation,
project administration, supervision.

Declaration of competing interest
None to declare.

References

[1] B. Schwaberger, G. Pichler, C. Binder-Heschl, N. Baik, A. Avian, B. Urlesberger,
Transitional changes in cerebral blood volume at birth, Neonatology 108 (2015)
253-258, https://doi.org/10.1159/000437347.

[2] D. Riviere, C. Mckinlay, F. Bloomfield, Adaptation for life after birth: a review of
neonatal physiology, Anaesth. Intensive Care Med. 18 (2017) 60-67, https://doi.
org/10.1016/j.mpaic.2016.11.008.

[3] J.A. Dawson, C.O. Kamlin, M. Vento, C. Wong, T.J. Cole, S.M. Donath, P.G. Davis,
C.J. Morley, Defining the reference range for oxygen saturation for infants after
birth, Pediatrics 125 (2010) 1340-1347.

[4] X. Yang, X. Lei, L. Zhang, L. Zhang, W. Dong, The application of near-infrared
spectroscopy in oxygen therapy for premature infants, J. Matern. Fetal Neonatal
Med. 33 (2020) 283-288, https://doi.org/10.1080/14767058.2018.1489535.

[5] G.F.T. Variane, V.Y. Chock, A. Netto, R.F.R. Pietrobom, K.P. Van Meurs,
Simultaneous near-infrared spectroscopy (NIRS) and amplitude-integrated
electroencephalography (aEEG): dual use of brain monitoring techniques improves
our understanding of physiology, Front. Pediatr. 21 (2020) 560, https://doi.org/
10.3389/fped.2019.00560.

[6] B.G. Sood, K. McLaughlin, J. Cortez, Near-infrared spectroscopy: applications in
neonates, Semin. Fetal Neonatal Med. 20 (2015) 164-172, https://doi.org/
10.1016/j.siny.2015.03.008.

[71

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

Early Human Development 166 (2022) 105552

G.M. Hoffman, N.S. Ghanayem, J.P. Scott, J.S. Tweddell, M.E. Mitchell, K.

A. Mussatto, Postoperative cerebral and somatic near-infrared spectroscopy
saturations and outcome in hypoplastic left heart syndrome, Ann. Thorac. Surg.
103 (2017) 1527-1535, https://doi.org/10.1016/j.athoracsur.2016.09.100.

N.P. Bernal, G.M. Hoffman, N.S. Ghanayem, M.J. Arca, Cerebral and somatic near-
infrared spectroscopy in normal newborns, J. Pediatr. Surg. 45 (2010) 1306-1310,
https://doi.org/10.1016/j.jpedsurg.2010.02.110.

B. Urlesberger, K. Grossauer, M. Pocivalnik, A. Avian, W. Muller, G. Pichler,
Regional oxygen saturation of the brain and peripheral tissue during birth
transition of term infants, J. Pediatr. 157 (2010) 740-744, https://doi.org/
10.1016/j.jpeds.2010.05.013.

B. Urlesberger, E. Kratky, T. Rehak, M. Pocivalnik, A. Avian, J. Czihak, et al.,
Regional oxygen saturation of the brain during birth transition of term infants:
comparison between elective cesarean and vaginal deliveries, J. Pediatr. 159
(2011) 404-408.

P. Montaldo, C. De Leonibus, L. Giordano, M. De Vivo, P. Giliberti, Cerebral, renal
and mesenteric regional oxygen saturation of term infants during transition,

J. Pediatr. Surg. 50 (2015) 1273-1277, https://doi.org/10.1016/j.
jpedsurg.2015.04.004.

M. Bruckner, G. Pichler, B. Urlesberger, NIRS in the fetal to neonatal transition and
immediate postnatal period, Semin. Fetal Neonatal Med. 25 (2020), e101079,
https://doi.org/10.1016/j.siny.2020.101079.

G. Pichler, C. Binder, A. Avian, E. Beckenbach, G.M. Schmolzer, B. Urlesberger,
Reference ranges for regional cerebral tissue oxygen saturation and fractional
oxygen extraction in neonates during immediate transition after birth, J. Pediatr.
163 (2013) 1558-1563, htips://doi.org/10.1016/j.jpeds.2013.07.007.

S. Hyttel-Sorensen, T. Austin, F. van Bel, M. Benders, O. Claris, E. Dempsey, et al.,
A phase II randomized clinical trial on cerebral near-infrared spectroscopy plus a
treatment guideline versus treatment as usual for extremely preterm infants during
the first three days of life (SafeBoosC): study protocol for a randomized controlled
trial, Trials 14 (2013), €120, https://doi.org/10.1186/1745-6215-14-120.

M. Shaaban-Ali, M. Momeni, A. Denault, Clinical and technical limitations of
cerebral and somatic near-infrared spectroscopy as an oxygenation monitor,

J. Cardiothorac. Vasc. Anesth. 35 (2021) 763-779, https://doi.org/10.1053/j.
jvca.2020.04.054.

G. Mariani, P.B. Dik, A. Ezquer, A. Aguirre, M.L. Esteban, C. Perez, S. Fernandez
Jonusas, C. Fustinana, Pre-ductal and post-ductal O2 saturation in healthy term
neonates after birth, J. Pediatr. 150 (2007) 418-421, https://doi.org/10.1016/j.
jpeds.2006.12.015.

P. Meier-Stauss, H.U. Bucher, R. Hurlimann, V. Konig, R. Huch, Pulse oximetry
used for documenting oxygen saturation and right-to-left shunting immediately
after birth, Eur. J. Pediatr. 149 (1990) 851-855.

Y. Rabi, W. Yee, S.Y. Chen, N. Singhal, Oxygen saturation trends immediately after
birth, J. Pediatr. 148 (2006) 590-594, https://doi.org/10.1016/j.
jpeds.2005.12.047.

W.M. Khriesat, Z.0. Amarin, M. Kassab, M. Shkour, M., AL-maghyreh. Oxygen
saturation immediately after birth in healthy full-term neonates born below sea
level, J. Clin. Neonatol. 5 (2016) 259-261.

V. Zanardo, V. Dal Cengio, M. Parotto, F. Cavallin, D. Trevisanuto, Elective
caesarean delivery adversely affects preductal oxygen saturation during birth
transition, Arch Arch. Dis. Child. Fetal Neonatal Ed. 101 (2016) 339-343, https://
doi.org/10.1136/archdischild-2015-308304.

A. Beskardes, O. Salihoglu, E. Can, D. Atalay, B. Akyol, S. Hatipoglu, Oxygen
saturation of healthy term neonates during the first 30 minutes of life, Pediatr. Int.
55 (2013) 44-48, https://doi.org/10.1111/j.1442-200X.2012.03731.x.

Y.C. Ly, C.C. Wang, C.M. Lee, K.S. Hwang, Y.M. Hua, Y.S. Yuh, Y.L. Chiu, W.F. Hsu,
Y.L. Chou, S.W. Huang, Y.J. Lee, H.C. Fan, Reevaluating reference ranges of oxygen
saturation for healthy full-term neonates using pulse oximetry, Pediatr. Neonatol.
55 (2014) 459-465, https://doi.org/10.1016/j.pedneo.2014.02.004.

S. Lorente-Pozo, A. Parra-Llorca, B. Torres, 1. Torres-Cuevas, A. Nunez-Ramiro,
M. Cernada, A. Garcia-Robles, M. Vento, Influence of sex on gestational
complications, fetal-to-neonatal transition, and postnatal adaptation, Front.
Pediatr. 23 (2018) 63, https://doi.org/10.3389/fped.2018.00063.

S.K. Mahato, N. Chaudhary, S. Lama, K.N. Agarwal, B.D. Bhatia, Relationship of
oxygen saturation with neonatal and maternal factors in vaginal and cesarean
deliveries, J. Nepal Med. Assoc. 53 (2015) 184-187.

A. Rgsvik, K. @ymar, J.T. Kvalgy, M. Berget, Oxygen saturation in healthy
newborns; influence of birth weight and mode of delivery, J. Perinat. Med. 37
(2009) 403-406, https://doi.org/10.1515/JPM.2009.070.

R. Bhargava, M. Mathur, J. Patodia, Oxygen saturation trends in normal healthy
term newborns: normal vaginal delivery vs. elective cesarean section, J. Perinat.
Med. 46 (2018) 191-195, https://doi.org/10.1515/jpm-2016-0373.


https://doi.org/10.1159/000437347
https://doi.org/10.1016/j.mpaic.2016.11.008
https://doi.org/10.1016/j.mpaic.2016.11.008
http://refhub.elsevier.com/S0378-3782(22)00015-9/rf202202032234463572
http://refhub.elsevier.com/S0378-3782(22)00015-9/rf202202032234463572
http://refhub.elsevier.com/S0378-3782(22)00015-9/rf202202032234463572
https://doi.org/10.1080/14767058.2018.1489535
https://doi.org/10.3389/fped.2019.00560
https://doi.org/10.3389/fped.2019.00560
https://doi.org/10.1016/j.siny.2015.03.008
https://doi.org/10.1016/j.siny.2015.03.008
https://doi.org/10.1016/j.athoracsur.2016.09.100
https://doi.org/10.1016/j.jpedsurg.2010.02.110
https://doi.org/10.1016/j.jpeds.2010.05.013
https://doi.org/10.1016/j.jpeds.2010.05.013
http://refhub.elsevier.com/S0378-3782(22)00015-9/rf202202032236389293
http://refhub.elsevier.com/S0378-3782(22)00015-9/rf202202032236389293
http://refhub.elsevier.com/S0378-3782(22)00015-9/rf202202032236389293
http://refhub.elsevier.com/S0378-3782(22)00015-9/rf202202032236389293
https://doi.org/10.1016/j.jpedsurg.2015.04.004
https://doi.org/10.1016/j.jpedsurg.2015.04.004
https://doi.org/10.1016/j.siny.2020.101079
https://doi.org/10.1016/j.jpeds.2013.07.007
https://doi.org/10.1186/1745-6215-14-120
https://doi.org/10.1053/j.jvca.2020.04.054
https://doi.org/10.1053/j.jvca.2020.04.054
https://doi.org/10.1016/j.jpeds.2006.12.015
https://doi.org/10.1016/j.jpeds.2006.12.015
http://refhub.elsevier.com/S0378-3782(22)00015-9/rf202202032236420672
http://refhub.elsevier.com/S0378-3782(22)00015-9/rf202202032236420672
http://refhub.elsevier.com/S0378-3782(22)00015-9/rf202202032236420672
https://doi.org/10.1016/j.jpeds.2005.12.047
https://doi.org/10.1016/j.jpeds.2005.12.047
http://refhub.elsevier.com/S0378-3782(22)00015-9/rf202202032236005272
http://refhub.elsevier.com/S0378-3782(22)00015-9/rf202202032236005272
http://refhub.elsevier.com/S0378-3782(22)00015-9/rf202202032236005272
https://doi.org/10.1136/archdischild-2015-308304
https://doi.org/10.1136/archdischild-2015-308304
https://doi.org/10.1111/j.1442-200X.2012.03731.x
https://doi.org/10.1016/j.pedneo.2014.02.004
https://doi.org/10.3389/fped.2018.00063
http://refhub.elsevier.com/S0378-3782(22)00015-9/rf202202032236597320
http://refhub.elsevier.com/S0378-3782(22)00015-9/rf202202032236597320
http://refhub.elsevier.com/S0378-3782(22)00015-9/rf202202032236597320
https://doi.org/10.1515/JPM.2009.070
https://doi.org/10.1515/jpm-2016-0373

	Regional pulmonary oxygen saturations immediately after birth
	1 Introduction
	2 Methods
	3 Results
	4 Discussion
	Funding
	CRediT authorship contribution statement
	Declaration of competing interest
	References


