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ABSTRACT
Objective To assess whether deﬁned reference ranges
of oxygen saturation (SpO2) and heart rate (HR) of term
infants after birth also apply for infants born after
midwifery supervised uncomplicated vaginal birth, where
delayed cord clamping (DCC) and immediate skin to skin
contact (ISSC) is routine management.
Design Prospective observational study.
Setting and patients Infants born vaginally after
uncomplicated birth, that is, no augmentation, maternal
pain relief or instrumental delivery.
Interventions Midwives supervising uncomplicated
birth at home or in hospital in the Leiden region (The
Netherlands) used an oximeter and recorded SpO2 and
HR in the ﬁrst 10 min after birth.
Main outcome measures SpO2 and HR values were
compared to the international deﬁned reference ranges.
Results In Leiden, values of 109 infants were obtained
and are comparable with previously deﬁned reference
ranges, except for a higher SpO2 ( p<0.05) combined
with a slower increase in the ﬁrst 3 min. The Leiden
cohort also had a lower HR ( p<0.05) during the ﬁrst
10 min with a slower increase in the ﬁrst 3 min. In the
ﬁrst minutes after birth, tachycardia (HR>180 bpm)
occurred less often, and a bradycardia (<80 bpm) more
often ( p<0.05).
Conclusions Deﬁned reference ranges can be used in
infants born after uncomplicated vaginal birth with DCC
and ISSC, but higher SpO2 and lower HR were observed
in the ﬁrst minutes.
INTRODUCTION

To cite: Smit M,
Dawson JA, Ganzeboom A,
et al. Arch Dis Child Fetal
Neonatal Ed 2014;99:
F309–F314.

Immediately after birth, assessing an infant’s condition based on colour is very subjective and not
related to oxygen saturation (SpO2) levels.1
Additionally, heart rate is often underestimated by
auscultation or palpation.2 The use of pulse oximetry (PO) is recommended in guidelines for evaluating the condition of infants as this offers objective
and accurate SpO2 and heart rate (HR) values.3 4
Several studies have investigated the normal values
of SpO2 and HR of uncompromised term infants
receiving no resuscitation.5–10 Recently, Dawson
et al6 combined larger observational studies and
deﬁned the reference ranges.
The studies used to deﬁne the current SpO2 and
HR reference ranges included infants where immediate cord clamping was standard policy. However,
recent studies indicate that this markedly inﬂuences
the haemodynamic transition at birth and could
have had an effect on the SpO2 and HR levels in
the ﬁrst minutes.6 11 Speciﬁcally, compared with
cord clamping after ventilation onset, immediate
cord clamping causes a reduction in HR and

What is already known on this topic
▸ Reference ranges of oxygen saturation and
heart rate of healthy infants after birth have
been deﬁned.
▸ For developing the ranges, infants were
included where physiological birth was
disrupted by augmented labour, analgesia,
instrumental vaginal birth or caesarean section.
▸ Delayed cord clamping (DCC) and immediate
skin to skin contact (ISSC) was not routine
management

What this study adds
▸ Deﬁned reference ranges can be used for
evaluating infants born after uncomplicated
birth, but higher SpO2 and lower HR were
observed in the ﬁrst minutes.
▸ DCC, ISSC and the absence of medical
interventions could explain the differences.
▸ Caution should be taken in what we deﬁne
‘healthy’, normal transition.

cardiac output. Immediate skin to skin contact
(ISSC) was also not performed routinely which
could have inﬂuenced the values as ISSC has been
shown to lower stress responses and heart rates in
infants.12–16 Also in previous studies, infants were
included where physiological birth was disrupted
by obstetric interventions such as induced or augmented labour, pain relief (opiates, regional anaesthesia), instrumental delivery or caesarean
section.5 17 18 These interventions could also have
caused a delay in transition after birth. It is possible
that the deﬁned reference ranges might not reﬂect
the uncomplicated physiological transitional
process.
In The Netherlands, almost one-third of women
(32.9%) give birth supervised by a communitybased midwife. In accordance with the Dutch
obstetric indication list, midwives supervise uncomplicated vaginal births at home, in birthing facilities
or in hospital.19 In midwifery practice, delayed
cord clamping (DCC) and immediate skin to skin
contact (ISSC) has been standard care for decades.
Although the beneﬁts of oximetry have been
acknowledged by the Royal Dutch College of
Midwives, it is undetermined whether the reference
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ranges are applicable for evaluating term infants after uncomplicated physiological birth where DCC and ISSC is routine
management.
In order to assess if previously deﬁned PO reference values
are appropriate for evaluating infants born after uncomplicated
vaginal births with DCC and ISSC, we compared the SpO2 and
HR data from infants born after midwifery-supervised uncomplicated vaginal births (Leiden cohort) with published data from
infants born at The Royal Women Hospital, Melbourne,
Australia, and at the University Hospital of La Fe, Valencia,
Spain (deﬁned reference ranges cohort).6

METHODS
A prospective observational study was performed in all seven
community-based midwifery practices (27 midwives) in the
Leiden region supervising low-risk births at home, birthing facilities or in hospital. Birth occurs without interventions such as
induced or augmented labour, pain relief (opiates, regional anesthesia), instrumental delivery or caesarean section. In midwifery
practices, DCC is standard care, the cord is clamped after at
least 1 min or when pulsations have ceased. Also, immediate
skin to skin contact (ISSC) is routine management.
From April 2011 to February 2012, midwives used PO directly after birth for 10 consecutive minutes. We allocated a PO
(Masimo RAD- 8, Masimo, Irvine, California) to each midwifery practice; the midwife ‘on call’ had a device at her disposal.
The device contained Signal Extraction Technology, SET
V.7.8.0.1 software and set to read measurements with 2-second
intervals and maximal sensitivity.6 We provided all midwives
with a timer, synchronised with the PO to record time of birth
and initiation of PO measurements. Midwives were instructed
to start the timer at the moment the infant had completely left
the mother’s body, similar to the deﬁned reference ranges
group. By using this timer we could calculate at what time after
birth the ﬁrst measurements were recorded. Midwives were
instructed to place a disposable sensor (Masimo Low Noise
Cable Sensor (LNCS) New-born Sensor) around the infant’s
right wrist and then connect the sensor to the pulse oximeter.20
Measurements were obtained for a minimum of 10 consecutive
minutes. Midwives were instructed not to let the device interfere with normal procedures, such as DCC and ISSC. Midwives
were requested to note basic characteristics, interventions (if
needed) and cord clamping time on a prepared evaluation form.
We did not speciﬁcally ask the midwives to use the provided
timer, also a clock present in the room or a watch could be used

Table 1 Infant characteristics of Leiden and defined reference
ranges

Gestational age, mean (range), week
Place of birth, n (%)
Home
Birthing clinic
Hospital
Birth weight, mean (SD), g
Time of umbilical cord clamping,
minutes, median (IQR)
Apgar score at 1 min, median (IQR)
Apgar score at 5 min, median (IQR)
Apgar score at 10 min, median (IQR)

F310

Leiden (N=109)

Defined reference
ranges (N=308)

40 weeks (37–42)

40 weeks (37–42)

59 (54)
50 (46)
0
3575 (482)
5 (3–7)

0
0
306 (100)
3581 (514)
–

9 (9–9)
10 (10–10)
10 (10–10)

8 (7–9)
9 (9–9)
(no 10 min scores)

for timing the cord clamping. Only uncomplicated vaginal
births, as previously deﬁned were included.
The PO data were downloaded using Trend com software,
providing data points for every two seconds. (http://www.
masimo.com) Data with alarm messages (low perfusion, sensor
off, ambient light and low signal) were excluded. If in one
infant >90% alarm messages were recorded, this particular
infant was excluded for analysis. Although we emphasised
during training the importance of starting the timer as accurate
as possible, it is not possible for the midwives to start the timer
exactly at the time of birth. Therefore, for comparison of SpO2
and HR for each minute, we calculated median (IQR) for each
minute by using data points –5 s and +5 s around each minute.
To calculate percentiles, all valid data points were used, comparable to the LMS-method (the skewness-median coefﬁcient of
variation) used for the deﬁned reference ranges.6 21 For this
reason the median and IQR in the reference ranges ﬁgure could
be a different number than the calculated median (IQR) using
the data points –5 s and +5 s around each minute. Data were
imported into IBM SPSS Statistics (V.20.0; IBM Corporation,
Armonk, New York, USA). Infant characteristics are presented
as numbers and proportions for categorical variables, means and
SD for normally distributed continuous variables, and medians
and IQR for variables with skewed distribution.6
Differences in minute values of SpO2 and HR between groups
were analysed using independent samples t test, data that was not
normally distributed was analysed using a 2-tailed Mann–Whitney
U test. Statistical signiﬁcance was considered if p<0.05.
Midwives obtained verbal parental consent prior to the onset
of birth. Wall posters and ﬂyers were distributed; midwives
informed and subsequently asked parents to participate in the
study. Ethical approval was obtained by the medical ethics committee of the Leiden University Medical Center, Leiden, The
Netherlands (P.13.155).

RESULTS
During the study period, PO was used on 153 infants. Recordings
of 44/153 infants (29%) were excluded for analyses: in 23 infants,
no data were stored on the device; in 10 infants, measurements
were not obtained during the ﬁrst 10 min; in eight infants, alarm
messages exceeded 90% of the data; and in one infant, the sensor
was accidentally placed on the left wrist. In two infants, the
midwife in charge felt respiratory support was needed.
Thus, a total of 109/153, (71%) infants were included for
analysis. Characteristics are shown in table 1. DCC was applied
in all infants, in 45 infants, the time was recorded (table 1).
The amount of data points with alarm message that needed
to be excluded was similar in the Leiden group when compared
with the deﬁned reference ranges group (SpO2 45% vs 47%
data points; HR 46% vs 44% data points). Thus, the ﬁnal
dataset of the ﬁrst 10 min after birth in the Leiden group contained 14 511 individual infant SpO2 observations and 9686
HR observations from 109 infants, and in the deﬁned reference
ranges group 33 119 infant SpO2 observations and 20 318 HR
observations from 308 infants. For Spo2 at 1 min, the 10th,
50th, 90th and 95th percentiles were 60, 68, 86 and 86 and for
HR 41, 65, 170 and 170 bpm, respectively. At 2 min, 70, 81,
89, and 95 for Spo2 and 54, 81, 184 and 188 bpm for HR,
respectively. At 5 min for Spo2 75, 91, 98 and 99, and 129,
152, 168 and 173 for HR, respectively.

Oxygen saturation (SpO2)
The Leiden percentile chart is characterised by higher SpO2,
slower rate of rise and a smaller range in the ﬁrst minutes when
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Figure 1 Oxygen saturation
percentiles of the deﬁned reference
range and Leiden cohort.

compared to the deﬁned reference ranges chart as previously
published (ﬁgure 1).6 The median SpO2 of the Leiden group
was 11, 7 and 4% higher at minute 1, 2 and 3 respectively, but
5, 4, 4, 5, 5, 4 and 2% lower at 4–10 min after birth when compared with the deﬁned reference ranges group (all statistically
signiﬁcant different except at 4 min; table 2). The 10th and
90th percentiles are shown in table 3.

47, 13, 3, 2, 3, 1, 1, 0, 0% in the Leiden group, and 50, 21, 6,
2, 1, 1, 2, 1, 0, 0% in the deﬁned reference ranges group (not
signiﬁcant, except at 1, 2, 3 and 6 min p<0.05).
The median HR of the Leiden group was 19, 75, 10, 18, 17,
14, 10, 13, 7, 12 bpm lower for 1–10 min after birth when
compared to the deﬁned reference ranges group (all p<0.001,
except at 1 min; table 4). The 10th and 90th percentiles are
shown in table 5.

Heart rate
Our ﬁndings are characterised by slower rate of rise in the ﬁrst
minutes and a lower HR at all minutes, when compared with
the deﬁned reference ranges chart as previously published
(ﬁgure 2).22 Tachycardia (HR>180 bpm/min) occurred less
often in the Leiden group (2.6%) than in the deﬁned reference
ranges group (19.3%; p<0.001). For minute 1–10 the percentages of tachycardia were 0, 9, 3, 2, 4, 4, 2, 0, 0, 0% in the
Leiden group,and 2, 14, 31, 29, 22, 22, 18, 14, 12, 14% in the
deﬁned reference ranges group (all p<0.05 except at 1 min).
Bradycardia (HR<80 bpm/min) occurred more frequently in the
Leiden group (6.5%) than in the deﬁned reference ranges group
(4.8%; p<0.001). For minute 1–10, the percentages were 70,

DISCUSSION
In this study, we collected SpO2 and HR values from infants
after uncomplicated vaginal birth with DCC and ISSC, and
compared the measurements with the cohort of infants who
were used to deﬁne the current reference ranges. However, this
cohort of infants included infants who received medical intervention, immediate clamping and ISSC was not routine.6
Median SpO2 values in the Leiden group were higher in the
very ﬁrst minutes, but median HRs were lower at all time-points
compared to the deﬁned ranges. Considering the fact that it has
been recommended to accept values down to the 10th percentile, the differences in the 10th percentile in the ﬁrst 3 min
(higher in SpO2 and lower in HR) is noteworthy.18 These observations could imply that caution should be taken in accepting

Table 2 Median (IQR) SpO2 at 1–10 min after birth for Leiden
versus defined reference ranges
Table 3
birth

SpO2, median (IQR), %
Time after birth in
minutes

Leiden
(n=109)

Defined reference ranges
(n=308)

p

1
2
3
4
5
6
7
8
9
10

78
80
85
86
90
91
91
92
93
95

67 (59–77)
73 (62–82)
81 (67–92)
91 (79–95)
94 (86–97)
95 (90–97)
96 (93–98)
97 (94–98)
97 (94–98)
97 (94–98)

<0.001
<0.001
<0.01*
ns
<0.05*
<0.001
<0.001*
<0.001*
<0.001*
<0.001*

(67–87)
(74–86)
(77–91)
(80–93)
(81–95)
(85–95)
(87–95)
(89–96)
(89–97)
(89–98)

*Means corrected for assumption equal variances.

The 10th and 90th percentiles of SpO2 per minute after

Time after birth in
minutes

Leiden
P10–P90

Defined reference ranges
P10–P90

1
2
3
4
5
6
7
8
9
10

61–95
63–94
62–94
72–97
74–98
79–98
82–98
83–98
86–99
86–98

48–84
50–92
53–97
67–98
73–99
83–99
89–99
89–100
92–99
92–99
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Figure 2 Heart rate percentiles of
the deﬁned reference range and Leiden
cohort.

lower levels of SpO2 and HR as ‘normal transition’ of healthy
term infants.
Several studies report SpO2 values in term infants after
birth.5 9 10 12 20 23 This is the ﬁrst study solely describing
infants born after uncomplicated birth with DCC and ISSC.
Although the SpO2 in our group was within the range of acceptable levels, the large amount of data points led to signiﬁcant differences at almost all time points. The largest difference was
observed within the ﬁrst 3 min with a higher SpO2 in the
Leiden group, followed by smaller differences in SpO2 that
were lower than the previously deﬁned range. This resulted in a
lower rate of rise in SpO2 in our group compared with the
deﬁned ranges.
By contrast with the deﬁned reference ranges cohort, DCC is
common practice for midwives in The Netherlands. A recent
study in preterm lambs showed that DCC is beneﬁcial for the
cardiovascular transition, which leads to greater cardiovascular
stability.11 DCC allows time for infants to breathe and increase
their pulmonary blood ﬂow so that when the cord is cut, the
source of preload for the left ventricle can immediately switch

from placental venous return to pulmonary venous return,
thereby maintaining left ventricular output. By contrast, cutting
the cord before pulmonary transition has started, leads to a
sudden loss in preload and a decrease in left ventricular output
until ventilation commences.11 It is likely that cardiovascular
stability leads to an improved tissue perfusion, which plays an
important part in the beneﬁts of delayed cord clamping (lower
incidence of NEC and IVH)24 and could also explain the
observed higher SpO2 levels in the ﬁrst minutes after birth in
our cohort. Additionally, the fact that the Leiden group was
more homogenous could contribute to the observed differences
as the deﬁned reference ranges are based on a heterogeneous
group (augmented labour; eg, pain relief, instrumental delivery
or caesarean section). Interventions during birth could have
induced a response within the infant that altered its transition
during the very ﬁrst minutes, even though these infants did not
require additional support. Indeed, studies have shown lower
SpO2 levels in the ﬁrst 5 min after caesarean section, compared
to vaginal delivery.5 6 9 17 25–28 Although medical obstetric pain
relief (combined spinal epidural, inhaled analgesia and opioids)
showed no adverse effect on the Apgar score and NICU admission, these interventions could alter the physiological transition
at birth, thereby inﬂuencing the SpO2 and HR after birth.29–31

Table 4 Median (IQR) heart rate (HR) per minute after birth of
Leiden versus defined reference ranges
Table 5
minute

Defined reference
ranges (308 infants)

Time after birth
in minutes

Leiden
(109 infants)
HR (bpm) median
(IQR)

HR (bpm) median (IQR)

p

1
2
3
4
5
6
7
8
9
10

61
85
157
152
150
149
152
147
149
146

80
160
167
170
167
163
162
160
156
158

ns
<0.001*
<0.001*
<0.001*
<0.001*
<0.001
<0.001*
<0.001*
<0.001*
<0.001*

(42–146)
(67–164)
(145–169)
(140–163)
(140–161)
(138–162)
(140–161)
(139–156)
(138–158)
(140–153)

(68–151)
(102–173)
(152–185)
(157–182)
(153–179)
(153–178)
(150–177)
(134–173)
(145–173)
(144–174)

*Means corrected for assumption equal variances.

F312

The 10th and 90th percentiles of heart rate (HR) per

Time after birth,
in minutes

Leiden P10–P90

Defined reference ranges P10–P90

1
2
3
4
5
6
7
8
9
10

38–171
54–179
77–174
125–171
126–169
123–168
127–169
125–167
124–169
132–162

56–176
59–187
112–195
138–198
142–193
143–189
137–188
134–185
132–173
134–182
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Other different physiological processes may be involved as
well. Seventy-ﬁve percent of women in The Netherlands initiate
breastfeeding after birth.32 Although we did not record this, it is
likely that a substantial number of infants were breastfed at time
of pulse oximetry measurements, which is known to inﬂuence
HR and SpO2 levels.16 33 Indeed, feeding (bottle and breast) is
acknowledged to interrupt ventilation and increase oxygen consumption, so the lower SpO2 levels during the latter part of the
study period may simply reﬂect the fact that more of these
infants were feeding. These practices were not common in
infants included in the deﬁned reference ranges group.
The lower HR in vigorous infants in the ﬁrst minutes after
birth is not a new ﬁnding, and has been described before.6 22
However, the lower heart rate in our cohort when compared
with the cohort of the deﬁned ranges was in contrast to what
we expected when considering the effect of DCC. In a recent
animal study, a reduction in HR (40%) was observed when the
cord was clamped before ventilation, while in the lambs that
were ventilated before cord clamping had a smaller decrease in
HR.11 Although other factors (see below) could explain the
observed lower HR, it is still possible that DCC could have contributed. DCC prevents a sudden loss in preload and decrease in
left ventricular stroke volume and, therefore, there is less need
to compensate this with HR to maintain left ventricular
output.11 Further studies are needed, but we speculate that, in
the Leiden group, DCC contributed to the lower incidence of
tachycardia and the lower rate of HR rise compared with the
deﬁned reference ranges group.
Another possible explanation for the lower heart rates in the
ﬁrst minutes, lower rate of rise and less frequent tachycardia is
that all infants in the Leiden group were subjected to ISSC.
Various studies report positive effects of ISSC; it reduces the
amount of crying and infants maintain higher skin temperature.13 33 Also, infants exposed to ISSC have a lower mean HR
and respiratory rate after birth compared to those not subjected
to ISSC.12 14 15 Similarly, lower cortisol levels at 60 min after
birth were found in newborn infants immediately placed prone
on the mother’s bare chest. A lower cortisol level likely reﬂects
a reduced stress response and an associated reduced sympathetic
drive for increased HR.14–16
Interestingly, the median Apgar score at 1 min was higher and
in discrepancy to the recorded median heart rate and oxygen
saturation at 1 min. The midwives did not use the measured
values for calculating the Apgar score, but only used their clinical evaluation and in vigorous infants the heart rate is often not
counted Our study group was smaller when compared with the
study group on which the deﬁned ranges were based (109 vs
308 infants), and consequently, less data points could have inﬂuenced the observed variation. However, the amount of data
points per infant was similar in both groups as well as the percentage of validated data points.6
More than half the infants (54%) in our study were born at
home, and in this setting the midwife operates alone. Although
we emphasised the importance of starting the timer as accurately
as possible, and the midwives were dedicated, it is possible that
the time of birth was not recorded to the precise second. For
the percentiles, all data points were used (ﬁgures 1–2). The possibility that in the Leiden group the time of birth was earlier
than recorded could explain the higher SpO2 levels in the ﬁrst
minutes, but the observed lower heart rates makes this unlikely.
It can be difﬁcult to get reliable recordings in the very ﬁrst
minutes, and fewer infants were included for analysis. However,
the percentage of infants included in our cohort was similar to
the cohort of the deﬁned reference ranges.

In conclusion, the reference values can be used for evaluating
term infants after uncomplicated birth with DCC and ISSC.
Caution, however, should be taken in what we deﬁne ‘healthy’,
normal transition and which lower levels we ﬁnd acceptable.
DCC, ISSC and the absence of medical interventions could
explain the observed differences. Future studies are needed to
identify which ranges in heart rate and oxygen saturation can be
considered normal and how the different factors inﬂuence these
parameters.
Acknowledgements We would like to thank the midwives in Leiden region for
participating in this study and providing us with the necessary data. We are very
grateful to all parents who allowed the midwife to take measurements on their
newborn. We thank Raul Bénis of Masimo Corporation for his technical support
during the study period.
Contributors MS conceptualised and designed the study, performed statistical
analyses, and wrote the manuscript. JAD shared her experience on performing pulse
oximetry studies, advised on the design, performed analyses and critically reviewed
the manuscript and approved the ﬁnal manuscript as submitted. AG codesigned the
study, enrolled the pulse oximeter measurement strategy, collected data from the
devices, performed initial analyses and critically reviewed the manuscript. BH
critically reviewed the manuscript and advised on physiological theories. JvR and
SBH critically reviewed the manuscript. ABtP conceptualised and designed the study,
has written the study protocol and obtained permission by the medical ethics
committee. ABtP supervised the analysis and writing of the manuscript, critically
reviewed the manuscript.
Competing interests ABtP is recipient of a Veni-grant, The Netherlands
organisation for Health Research and Development (ZonMw), part of the
Innovational Research Incentives Scheme Veni-Vidi-Vici, project number 91612027.
Masimo Corporation (Masimo, Irvine, California, USA) supplied pulse oximeter
devices for the length of this study.
Ethics approval Leiden Medical Ethics Board, Leiden, The Netherlands
Provenance and peer review Not commissioned; externally peer reviewed.

REFERENCES
1
2
3

4

5
6
7
8
9
10

11

12

13

14

15

O’Donnell CPF, Kamlin CO, Davis PG, et al. Clinical assessment of infant colour at
delivery. Arch Dis Child Fetal Neonatal Ed 2007;92:F465–7.
Kamlin CO, O’Donnell CPF, Everest NJ, et al. Accuracy of clinical assessment of
infant heart rate in the delivery room. Resuscitation 2006;71:319–21.
Dutch Association of Pediatricians (NVK). NVK-guideline Resuscitation of newborns.
2008. http://www.nvk.nl/Portals/0/richtlijnen/reanimatie/reanimatie.pdf (assessed
10 Oct 2013).
Kattwinkel J, Perlman JM, Aziz K, et al. Neonatal resuscitation: 2010 American
Heart Association Guidelines for cardiopulmonary resuscitation and emergency
cardiovascular care. Pediatrics 2010;126:e1400–13.
Altuncu E, Ozek E, Bilgen H, et al. Percentiles of oxygen saturations in healthy term
newborns in the ﬁrst minutes of life. Eur J Pediatr 2008;167:687–8.
Dawson JA, Kamlin CO, Vento M, et al. Deﬁning the reference range for oxygen
saturation for infants after birth. Pediatrics 2010;125:e1340–7.
Kamlin C, O’Donnell CP, Davis PG, et al. Oxygen saturation in healthy infants
immediately after birth. J Pediatr 2006;148:585–9.
Mariani G, Dik PB, Ezquer A, et al. Pre-ductal and Post-ductal O2 saturation in
healthy term neonates after birth. J Pediatr 2007;150:418–21.
Rabi Y, Yee W, Chen S, et al. Oxygen saturation trends immediately after birth.
J Pediatr 2006;148:590–4.
Toth B, Becker A, Seelbach-Göbel B. Oxygen saturation in healthy newborn infants
immediately after birth measured by pulse oximetry. Arch Gynecol Obstet
2002;266:105–7.
Bhatt S, Alison BJ, Wallace EM, et al. Delaying cord clamping until ventilation onset
improves cardiovascular function at birth in preterm lambs. J Physiol
2013;591:2113–26.
Bramson L, Lee JW, Moore E, et al. Effect of early skin-to-skin mother--infant
contact during the ﬁrst 3 hours following birth on exclusive breastfeeding during
the maternity hospital stay. J Hum Lact 2010;26:130–7.
Marin Gabriel MA, Llana Martín I, Lopez EA, et al. Randomized controlled trial of
early skin-to-skin contact: effects on the mother and the newborn. Acta Paediatr
2010;99:1630–4.
Christensson K, Siles C, Moreno L, et al. Temperature, metabolic adaptation and
crying in healthy full-term newborns cared for skin-to-skin or in a cot. Acta Paediatr
1992;81:488–93.
Christensson K, Cabrera T, Christensson E, et al. Separation distress call in the
human neonate in the absence of maternal body contact. Acta Paediatr
1995;84:468–73.

Smit M, et al. Arch Dis Child Fetal Neonatal Ed 2014;99:F309–F314. doi:10.1136/archdischild-2013-305484

F313

Downloaded from http://fn.bmj.com/ on November 25, 2014 - Published by group.bmj.com

Original article
16

17

18
19

20

21
22
23

F314

Takahashi Y, Tamakoshi K, Matsushima M, et al. Comparison of salivary cortisol,
heart rate, and oxygen saturation between early skin-to-skin contact with different
initiation and duration times in healthy, full-term infants. Early Hum Dev
2011;87:151–7.
Caliskan E, Ozdamar D, Doger E, et al. Prospective case control comparison of fetal
intrapartum oxygen saturations during epidural analgesia. Int J Obstet Anesth
2010;19:77–81.
Dawson JA, Davis PG, O’Donnell CP, et al. Pulse oximetry for monitoring infants in
the delivery room: a review. Arch Dis Child Fetal Neonatal Ed 2007;92:F4–7.
Obstetric Vademecum. Final report of the Maternity Care Committee of the College
of health insurance companies. [Verloskundig Vademecum. Eindrapport van de
Commissie Verloskunde van het College voor zorgverzekeringen]. 2003. Diemen,
The Netherlands. http://www.nvog.nl/vakinformatie/Informatie/Verloskundig
+Vademecum.aspx (assessed 10 Oct 2013).
Meier-Stauss P, Bucher HU, Hurlimann R, et al. Pulse oximetry used for
documenting oxygen saturation and right-to-left shunting immediately after birth.
Eur J Pediatr 1990;149:851–5.
Cole TJ, Green PJ. Smoothing reference centile curves: the LMS method and
penalized likelihood. Stat Med 1992;11:1305–19.
Dawson JA, Kamlin CO, Wong C, et al. Changes in heart rate in the ﬁrst minutes
after birth. Arch Dis Child Fetal Neonatal Ed 2010;95:F177–81. 95/3/F177.
Salyer J. Neonatal and pediatric pulse oximetry. Respir Care 2003;48:386–98.

24

25
26
27
28
29
30

31
32
33

Rabe H, Diaz-Rossello JL, Duley L, et al. Effect of timing of umbilical cord clamping
and other strategies to inﬂuence placental transfusion at preterm birth on maternal
and infant outcomes. Cochrane Database Syst Rev 2012;8:CD003248.
Dimich I, Singh PP, Adell A, et al. Evaluation of oxygen saturation monitoring by
pulse oximetry in neonates in the delivery system. Can J Anaesth 1991;38:985–8.
Harris AP, Sendak MJ, Donham RT. Changes in arterial oxygen saturation
immediately after birth in the human neonate. J Pediatr 1986;109:117–19.
House JT, Schultetus RR, Gravenstein N. Continuous neonatal evaluation in the
delivery room by pulse oximetry. J Clin Monit 1987;3:96–100.
Porter KB, Goldhamer R, Mankad A, et al. Evaluation of arterial oxygen saturation
in pregnant patients and their newborns. Obstet Gynecol 1988;71:354–7.
Jones L, Othman M, Dowswell T, et al. Pain management for women in labour: an
overview of systematic reviews. Cochrane Database Syst Rev 2012;3:CD009234.
Konefal H, Jaskot B, Czeszynska MB. [Pethidine for labor analgesia; monitoring of
newborn heart rate, blood pressure and oxygen saturation during the ﬁrst 24 hours
after the delivery]. Ginekol Pol 2012;83:357–62.
Reynolds F. Labour analgesia and the baby: good news is no news. Int J Obstet
Anesth 2011;20:38–50.
TNO. Breastfeeding in the Netherlands. Leiden, The Netherlands: TNO Quality of Life,
2010. http://www.zorgvoorborstvoeding.nl/achtergrondinformatie (assessed 10 Oct 2013).
Moore ER, Anderson GC, Bergman N, et al. Early skin-to-skin contact for mothers
and their healthy newborn infants. Cochrane Database Syst Rev 2012;5:CD003519.

Smit M, et al. Arch Dis Child Fetal Neonatal Ed 2014;99:F309–F314. doi:10.1136/archdischild-2013-305484

Downloaded from http://fn.bmj.com/ on November 25, 2014 - Published by group.bmj.com

Pulse oximetry in newborns with delayed
cord clamping and immediate skin-to-skin
contact
Marrit Smit, Jennifer A Dawson, Angelina Ganzeboom, Stuart B Hooper,
Jos van Roosmalen and Arjan B te Pas
Arch Dis Child Fetal Neonatal Ed 2014 99: F309-F314 originally
published online March 31, 2014

doi: 10.1136/archdischild-2013-305484
Updated information and services can be found at:
http://fn.bmj.com/content/99/4/F309

These include:

References
Email alerting
service

Topic
Collections

This article cites 30 articles, 8 of which you can access for free at:
http://fn.bmj.com/content/99/4/F309#BIBL
Receive free email alerts when new articles cite this article. Sign up in the
box at the top right corner of the online article.

Articles on similar topics can be found in the following collections
Drugs: cardiovascular system (259)
Arrhythmias (49)
Pain (neurology) (172)

Notes

To request permissions go to:
http://group.bmj.com/group/rights-licensing/permissions
To order reprints go to:
http://journals.bmj.com/cgi/reprintform
To subscribe to BMJ go to:
http://group.bmj.com/subscribe/

