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ABSTRACT
Objective To determine heart rate centiles during the
first 5 min after birth in healthy term newborns delivered
vaginally with delayed cord clamping.
Design Single-centre prospective observational study.
Setting Stavanger University Hospital, Norway, March–
August 2019.
Patients Term newborns delivered vaginally were
eligible for inclusion. Newborns delivered by vacuum or
forceps or who received any medical intervention were
excluded.
Interventions A novel dry electrode
electrocardiography monitor (NeoBeat) was applied
to the newborn’s chest immediately after birth. The
newborns were placed on their mother’s chest or
abdomen, dried and stimulated, and cord clamping was
delayed for at least 1 min.
Main outcome measures Heart rate was recorded at
1 s intervals, and the 3rd, 10th, 25th, 50th, 75th, 90th
and 97th centiles were calculated from 5 s to 5 min after
birth.
Results 898 newborns with a mean (SD) birth weight
3594 (478) g and gestational age 40 (1) weeks were
included. The heart rate increased rapidly from median
(IQR) 122 (98–146) to 168 (146–185) beats per minute
(bpm) during the first 30 s after birth, peaking at 175
(157–189) bpm at 61 s after birth, and thereafter slowly
decreasing. The third centile reached 100 bpm at 34 s,
suggesting that heart rates <100 bpm during the first
minutes after birth are uncommon in healthy newborns
after delayed cord clamping.
Conclusion This report presents normal heart rate
centiles from 5 s to 5 min after birth in healthy term
newborns delivered vaginally with delayed cord
clamping.

BACKGROUND
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The transition from intrauterine to extrauterine
life involves a series of rapid cardiopulmonary
changes.1 The heart rate of the newborn infant is
one of the most important clinical indicators used
to determine the need for and response to resuscitation.2 A heart rate below 60 beats per minute (bpm)
is considered an indication to commence cardiac
compressions, and below 100 bpm is a requirement
for positive pressure ventilation.2
Widely referenced heart rate centiles were
published in 2010 by Dawson et al.3 These were
obtained from newborns undergoing immediate
cord clamping, using a pulse oximeter, and acquiring

What is already known on this topic?
►► Heart rate is an important clinical indicator of

newborn status immediately after birth.

►► Centile charts of newborn heart rate after birth

lack data from the first 60 s and were obtained
with immediate cord clamping.
►► Delayed cord clamping is increasingly
implemented as standard of care and may
result in a smoother newborn transition with
less bradycardia.

What this study adds?
►► A heart rate centile chart from 5 s to 5 min after

birth in healthy newborns delivered vaginally
and with delayed cord clamping.
►► The median heart rate increases rapidly and
peaks at approximately 1 min after birth, earlier
than previously reported.
►► Heart rates below 100 beats per minute are
uncommon in newborns who do not need
intervention and account for less than 5% of
newborns at 30 s after birth.

data from approximately 60 s after birth. Infants
had a median (IQR) heart rate of 96 (65–127) bpm
at 1 min of life, rising to 139 (110-166) at 2 min.
These findings have led to confusion among clinicians, since they suggest that many ‘normal’ infants
meet criteria for intervention.
It has been suggested that pulse oximetry systematically underestimates heart rate at birth compared
with three-lead gel electrode electrocardiography
(ECG).4 Furthermore, ECG detects heart rate much
earlier compared with pulse oximetry.5–8 A novel
newborn heart rate metre based on dry electrode
ECG allows reliable heart rate monitoring at 3–10 s
after birth,9 even earlier than previously achieved
by conventional three-lead gel electrode ECG.4 6
Delayed cord clamping, defined as that occurring beyond 1 min after birth, is increasingly implemented as standard of care worldwide and might
result in a smoother newborn transition at birth
and less bradycardia.10 11 The International Liaison
Committee on Resuscitation (ILCOR) recently
suggested that ECG can be used to provide a
rapid and accurate estimation of the heart rate.12
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Therefore, due to changes in standard umbilical cord management practices and in the technology to assess heart rate, the
pattern of normal heart rate changes during the first minutes of
life requires re-evaluation.
The aim of this study was to describe the pattern of heart rate
changes during the first minutes after birth in uncompromised
term newborns delivered vaginally and undergoing delayed cord
clamping, using a dry electrode ECG-based newborn heart rate
monitor.

every second during the data collection period. NeoBeat did not
provide heart rate if it detected that the signal was too distorted
with noise or motion artefacts. The nurse assistant marked the
time of cord clamping in the application. The heart rate was
recorded for the first 5 min after birth, or until the cord was
clamped if this occurred beyond 5 min. Data collection did not
interfere with the routine handling of the newborns after birth.
Patient and birth characteristics were extracted from the medical
record.

METHODS
Setting

Data analysis

This study was conducted at Stavanger University Hospital,
Norway, from March to August 2019. Stavanger University
Hospital serves a population of 350 000 with approximately
4500 deliveries annually and is the only hospital in the region
with delivery and newborn services. A midwife and a nurse assistant are present at each birth and may call on an obstetrician for
assistance whenever needed. Delayed cord clamping is implemented as standard procedure.

Inclusion and exclusion process

All women admitted to the department of obstetrics in labour
at term (≥37 weeks of gestation) were asked to participate in
the study. Newborns delivered by caesarean section or assisted
delivery (ie, vacuum or forceps) and newborns who received
any medical interventions (eg, supplementary oxygen or assisted
ventilation) at birth were excluded.

Data collection

Laerdal Global Health (Stavanger, Norway) developed a novel
neonatal heart rate metre named NeoBeat, incorporating dry
electrodes in an abdomen-shaped circlet for rapid application
to the newborn. Instead of gel electrodes used in traditional
three-lead ECG, NeoBeat uses dry electrodes, and thorough skin
cleaning prior to application is unnecessary. The NeoBeat heart
rate algorithm is based on a zero-crossing count algorithm13
that adds a proprietary layer that includes noise detection and
noise handling. Motion is the primary source of ECG distortion,
and the algorithm uses measured acceleration energy as well as
ECG features such as amplitude and rate variability to determine
when there is likely too much motion to get a reliable heart rate.
A predecessor of NeoBeat, based on the same technology, was
used in a study in Tanzania, and heart rate was registered within
3–10 s after birth.14 NeoBeat displays the newborn’s heart rate
and can transfer heart rate data via Bluetooth Low Energy to the
Liveborn tablet application (Laerdal Global Health, Stavanger,
Norway).
During the study period, each delivery room was equipped
with a NeoBeat. If prospective parental consent was given, the
nurse assistant attending the birth carried a tablet (iPad, Apple,
Cupertino California, USA) with the Liveborn application
installed. The nurse assistant marked the exact time of birth (ie,
time when the whole body was delivered) by starting a counter
in the application, and the dry electrodes were applied to the
newborn by the midwife without delay (online supplemental
figure 1). Midwifes were trained in the use of the NeoBeat and
the Liveborn application using manikins, and data collection
was trialled during a pilot phase before study commencement.
The newborn was managed in accordance with standard guidelines: drying and stimulation, immediate skin-to-skin contact
and delayed cord clamping for at least 1 min. The Liveborn
application recorded real-time heart rate data from the ECG
F312

We excluded cases where time of birth or heart rate data were
suspected to be erroneous based on the following criteria: (1)
if the heart rate was registered by the ECG before the recorded
time of birth and (2) less than 30 s of heart rate registered during
data collection.

Statistics

Using an SD for the heart rate of 21 bpm, as reported by Linde
et al,14 a sample size calculation showed that ≥68 observations
were needed at each second to estimate the median heart rate
with a margin of error of less than ±5 bpm. To obtain a margin
of error of less than ±5 bpm for the estimate of the 10th and
90th centiles, sample size calculations showed that at least 482
observations were required.15 We planned to include 500–1000
newborns to ensure sufficient good quality data. Heart rate
data were extracted using Mathlab 2019a (MathWorks, Natick,
Massachusetts, USA). Data were analysed, and charts were drawn
in R V.3.6.2 (R Core Team 2019, Vienna, Austria). Continuous
variables are presented as mean (SD) when normally distributed, and median (IQR) when non-normally distributed. Centile
charts were drawn by calculating centiles empirically and then
smoothing them using the local regression method (LOESS).16

Ethics

Written parental consent was obtained prior to inclusion.

RESULTS

In total, 1764 newborns were delivered vaginally at term during
the study period. Consent was obtained for the inclusion of 1416
newborns in the data collection. Of those, 424 were excluded
due to: (1) connectivity/technical issues during data collection
(n=231), (2) instrumental delivery (n=142) and (3) medical
interventions after birth (n=51). Another 94 newborns were
excluded during data analysis because the NeoBeat registered
heart rate before the recorded time of birth (n=75) or too few
heart rate observations were registered (n=19). The remaining
898 newborns were included in the analysis, and their characteristics are presented in table 1.
Time of cord clamping was recorded in 784 newborns, and
umbilical cord blood values were available for 854 newborns.
Figure 1 shows an overview of the inclusion and exclusion
process.
A total of 227 038 individual heart rate observations were
registered, resulting in a median (IQR) of 276 (243–286) heart
rate observations for each newborn, and 808 (741–819) individual heart rate observations at each second during the 5 min
study period. At least 68 individual heart rate observations were
reached at 5 s (n=77) and at least 482 individual heart rate observations were reached at 14 s (n=510) after birth. The numbers
of individual heart rate observations recorded at each second
after birth are displayed in figure 2. The heart rate centiles from
5 s after birth are shown in table 2 and figure 3.
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Table 1

Newborn characteristics
Total (n=898)

Gestational age (weeks)

40 (1)

Weight (gram)

3594 (478)

Male gender

439 (51)

Apgar scores
 1 min Apgar

9 (9–10)

 5 min Apgar

10 (10–10)

 10 min Apgar

10 (10–10)

Umbilical cord blood values*
 Arterial pH

7.35 (2.53)

 Arterial base deficit (mmol/L)

3.7 (2.4)

 Venous pH

7.34 (0.07)

 Venous base deficit (mmol/L)

4.1 (2.1)

 Time after birth to cord clamp (s)

319 (244–412)

 Time after birth to the first heart rate data (s)

13 (9–22)

Figure 2 Number of individual heart rate observations at each second
after birth.

Male gender presented as n (%); Apgar scores, time to cord clamp and time to the
first heart rate data presented as median (IQR); all remaining results presented as
mean (SD).
*Available in 854 newborns.
†Available in 784 newborns.

The median (IQR) heart rate was 122 (98–146) bpm at 5 s
after birth, after which it increased rapidly to 175 (157–189)
bpm at 61 s after birth. During the following minutes, the
median (IQR) heart rate slightly decreased to approximately 167
(152–179) bpm at 5 min after birth. Heart rates below 100 bpm
were uncommon, and the 10th and 3rd centiles crossed 100 bpm
at 22 and 34 s after birth, respectively.

DISCUSSION

In this study, we describe the pattern of normal heart rate
changes using centiles during the first 5 min after birth in term
newborns delivered vaginally, in a setting with delayed cord
clamping as standard of care. A novel ECG application method
made it feasible to achieve heart rate measurements from 5 s
after birth, filling a gap in the existing literature. The heart rate
centiles from Dawson et al3 did not include the first minute after
birth. This is of importance, as resuscitation guidelines recommend resuscitative actions during the first 60 s after birth based
Newborns eligible
for inclusion
n = 1764
Parental consent missing

n= 348

Newborns eligible for
data collection
n = 1416
Excluded during data collection

n= 424

on the newborn’s heart rate as well as breathing. Most guidelines recommend initiation of positive pressure ventilation and
oxygen saturation monitoring of infants with heart rates below
100 bpm.12
Our findings differ from the existing centile charts by Dawson
et al,3 where heart rates below 100 bpm were commonly
observed in healthy newborns during the first minutes after
birth. In our study, a heart rate below 100 bpm after 30 s of life
was rare. Our results may provide support for the controversial
recommendation to provide respiratory support to newborns
with heart rates below 100 bpm. Studies of compromised infants
requiring assistance are required to progress this question.
Furthermore, Dawson et al3 reported that the 50th centile
heart rate reached a plateau of around 160 bpm at 3 min after
birth, whereas our results suggest an early peak of approximately
175 bpm within the first minute after birth, thereafter slowly
decreasing. The recent study of Padilla-Sánchez et al11 assessed
heart rates using pulse oximetry during the first 10 min of life
after delayed cord clamping. They found an earlier stabilisation
of heart rate compared with Dawson et al.3 They attributed
this difference to the haemodynamic effects of delayed cord
clamping. However, their results differ from ours in that they
Table 2 Heart rate centiles the first 5 min after birth for term
newborns delivered vaginally with delayed cord clamping and no
medical intervention
Seconds
after birth

Heart rate (bpm) centiles
3rd

10th

25th

50th

75th

90th

97th

5

64

78

98

122

146

162

169

10

69

82

102

129

154

172

182

20

81

95

123

155

177

191

202

30

93

111

146

168

185

198

208

Assisted delivery (vacuum, forceps)

n= 142

40

101

122

152

172

187

199

210

Medical interventions after birth

n= 51

Connective/Technical issues

n= 231

50

104

127

155

174

189

199

209

60

106

131

157

174

189

199

208

90

109

138

157

173

187

197

204

120

112

139

156

171

185

195

203

150

112

136

154

169

183

194

203

Heart rate data
eligible for analysis
n= 992
Excluded during analysis

n=94

Time of birth erroneus

n= 75

180

114

136

153

168

182

192

203

To little heart rate registered

n= 19

210

117

137

153

167

182

192

202

240

118

138

153

167

181

192

202

270

119

138

152

167

180

192

201

300

120

137

152

167

179

191

199

Heart rate data included
in the final analysis
n= 898

Figure 1 Overview of inclusion and exclusion process.

bpm, beats per minute.
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Limitations

Figure 3 The 3rd, 10th, 25th, 50th, 75th, 90th and 97th heart rate
centiles from 5 s after birth for vaginally born term newborns with
delayed cord clamping and no medical intervention.

found that heart rates below 100 bpm are to be expected in at
least 10% of all healthy newborns the first minute after birth.
In our study, we recorded heart rates by ECG, whereas Dawson
et al3 and Padilla-Sánchez C et al11 conducted their studies using
a pulse oximeter. Pulse oximetry may underestimate heart rates
when compared with ECG, especially during the first minutes
of life,4 7 and might have contributed to the lower heart rates
and slower rise in heart rate measured by Dawson and Padilla-
Sánchez et al. We believe that the different methods of measuring
heart rates provide an important explanation for the differences
between the centiles of Dawson and ours. ILCOR suggests that
in babies requiring resuscitation, ECG can be used to provide a
rapid and accurate estimation of heart rate. Hence, a reference
range for heart rates obtained using ECG is required.
During labour, the normal baseline fetal heart rate is 110–160
bpm. Brief decelerations to 100–120 are common, attributed to
vagal activation in association with uterine contractions.17 18 The
same changes may occur as the newborn descends through the
birth canal, and our results suggest a drop in heart rate immediately prior to birth, followed by a rapid increase during the first
minute of life.
Delayed cord clamping is considered beneficial for the cardiovascular transition and newborn outcomes.19 The immediate
effect of delayed cord clamping on heart rate is not clear, and
randomised controlled studies on ventilated preterm lambs show
conflicting results.10 20 Clinical studies on newborns confirm
that delayed cord clamping results in a lower heart rate during
the first minutes after birth.21 22 Importantly, these studies were
conducted with a pulse oximeter. Our study did not analyse
heart rate in relation to cord clamping and therefore cannot
draw conclusions regarding the impact of delayed cord clamping
on heart rate.
All newborns in the present study were delivered vaginally. In
the study by Dawson et al,3 nearly 50% of the newborns were
delivered by caesarean section. They reported a slower rise in
heart rate and stabilisation at a lower level around 150 bpm in
newborns born by caesarean sections compared with vaginal
births (stabilising around 160 bpm). Similar findings were
reported by Gonzales and Salirrosas,23 describing lower heart
rate obtained by pulse oximetry in newborns born by caesarean
sections compared with vaginal births. Our centile charts are
only applicable to term newborns born vaginally, and studies
on normal heart rate measured by ECG in newborns born by
caesarean sections are required.
F314

The time of the first heart rate detection varied between
newborns. For half of the included newborns, the heart rate was
detected from 13 s, whereas for 75%, the heart rate was detected
from 22 s. Even some healthy newborns require stimulation after
birth, which will possibly delay the heart rate detection of the
NeoBeat due to motion, and these newborns could possibly also
have a different heart rate than those without need of stimulation. We have no reason to believe that this has a major impact
on the results, but the presented heart rates for the first 15–20 s
could be considered more cautiously.
There was a high percentage of missed registrations due to
technical issues. This was mostly due to the interruptions in the
Bluetooth connection between NeoBeat and the Liveborn application. However, this occurred at random and should not create
a bias. To make data collection less intrusive to the parents, we
assigned data collection to the attending midwives and nurse
assistants. The staff therefore operated the NeoBeat and the
application while carrying out other tasks, possibly contributing
to the relatively high number of missed cases due to technical
issues and erroneous recordings. Dispersing data collection to
several individuals may affect validity. However, all personnel
involved in data collection were thoroughly instructed in all
procedures. Finally, the reference values presented in this study
are obtained by ECG and cannot be applied as reference values
for heart rates measured by pulse oximetry.

CONCLUSION

Using novel dry electrode ECG technology, this study describes
the pattern of normal heart rate changes from 5 s to 5 min after
birth in healthy, vaginally delivered term newborns undergoing
delayed cord clamping. The median heart rate rapidly increased
from 122 bpm at 5 s after birth to a maximum of 175 bpm at
approximately 1 min after birth. The third centile crossed 100
bpm at 34 s, suggesting that heart rates <100 bpm during the
first minutes after birth are uncommon in healthy newborns
after delayed cord clamping.
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