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ABSTRACT

Introduction 3%-8% of newborns need positive pressure
ventilation (PPV) after birth. Heart rate (HR) is considered
the most sensitive indicator of the newborns’ condition
and response to resuscitative interventions. According to
guidelines, HR should be assessed and PPV initiated within
60 s after birth in non-breathing newborns. Dry electrode
ECG can provide accurate feedback on HR immediately
after birth and continuously during resuscitation. The
impact of early and continuous HR feedback is unknown.
Method and analysis This single-centre randomised
controlled trial seeks to determine if HR feedback by dry
electrode ECG immediately after birth and continuously
during newborn resuscitation results in more timely
initiation of PPV, improved ventilation and short-term
outcomes compared with standard HR assessment.

In all newborns>34 gestational weeks, the dry electrode
ECG sensor is placed on the upper abdomen immediately
after birth as an additional modality of HR assessment.
The device records and stores HR signals. In intervention
subjects, the HR display is visible to guide decision-making
and further management, in control subjects the display is
masked. Standard HR assessment is by stethoscope, gel-
electrode ECG and/or pulse oximetry (PO).

Time of birth is registered in the Liveborn app. Time of
initiation and duration of PPV is calculated from video
recordings. Ventilation parameters are retrieved from the
ventilation monitor, oxygen saturation and HR from the PO
and gel-electrode ECG monitors.

The primary endpoint is proportion of resuscitated
newborns who receive PPV within 60 s after birth. To
detect a 50% increase with power of 90% using an overall
significance level of 0.05 and 1 interim analysis, 169
newborns are needed in each group.

Ethics and dissemination Approval by the Norwegian
National Research Ethics Committee West (2018/338).
Parental consent is sought at routine screening early in
pregnancy. The results will be published in peer-reviewed
journal and presented at conferences.

Trial registration number NCT03849781.

STRENGTHS AND LIMITATIONS OF THIS STUDY

= The randomised controlled design and recruitment
of study participants early in pregnancy limits the
risk of selection bias.

= The multiple data sources needed for assessing the
outcomes represents a risk.

= The single-centre design and low proportion of
newborns receiving positive pressure ventilation
implies a long trial period to reach sample size and
represents a risk.

INTRODUCTION

Background

Approximately 85% of newborns born at
term initiate breathing within 30s of birth at
median b s,1 and a further 10% will respond to
stimulation and drying.”* Nevertheless, 3-8%
of infants require positive pressure ventila-
tion (PPV) after birth.! > Delay in initiating,
or pauses in PPV, may impair recovery. The
risk of death or morbidity in non-breathing
newborns increased by 16% per 30s delay in
initiating PPV in a study from a low-resource
setting.'

Current newborn resuscitation algorithms
recommend that PPV should be initiated
within 60s after birth if the newborn fails to
establish spontaneous and effective breathing
following drying and stimulation, and/or
if heart rate (HR) is <100 beats per minute
(bpm), HR does not increase if initially
low, or HR decreases if initially fast.* This is
challenging both in low- and high-resource
settings.”’ In a Norwegian university hospital,
assessment of HR and initiation of PPV was
only achieved within 60s in 35% of cases.
Median (IQR) time to initial HR assessment
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(by stethoscope or palpation) was 70 s (47-118) and
preceded initiation of PPV at 78 s (42-118), despite the
newborns being placed at the resuscitaire 48 s (22-68)
after birth.” Assessment of HR may delay starting PPV,
and existing technology of standard three-lead ECG and
pulse oximetry (PO) has made it difficult to obtain accu-
rate and continuous HR measurements during the first
minutes of life when important decisions are made on
whether to initiate resuscitation or not.”

NeoBeat newborn HR metre (Laerdal Global Health,
Stavanger, Norway) was developed for immediate and
continuous feedback on HR to guide newborn resusci-
tation. NeoBeat is a reusable, wireless, low-cost dry elec-
trode ECG device that can rapidly be applied around the
newborn’s thorax or upper abdomen without prior drying
of the skin. Time to place the device is 35,* and a reliable
HR is digitally displayed within 5s after birth in healthy
newborns.” ' During resuscitation, time from device
placement to HR acquisition is faster with NeoBeat (13s)
versus ECG (42s, p<0.0001) and PO (105s, p<0.0001).8
HR obtained by NeoBeat furthermore correlates well with
that of conventional three-lead gel-electrode ECG." '
In a recent cohort of 48 predominantly term newborns
who received resuscitation with PPV, the proportion of
time with HR feedback from NeoBeat during resuscita-
tion was median 85% from birth and 98% from arrival
at the resuscitation table, compared with 25% and 28%
with standard ECG. In only 1 of the 48 cases, standard
ECG displayed HR before initiation of PPV, as opposed
to 38/48 cases with NeoBeat. In 40/48 of cases, NeoBeat
was applied and displayed HR within 60s of birth.'* Thus,
for the first time, an accurate HR can be presented to
the healthcare provider (HCP) to guide decision-making
immediately after birth and throughout resuscitation,
without delaying PPV by HR assessment by auscultation
or application of gel-electrode ECG or PO.

A rise in HR is considered the most sensitive indi-
cator of an improvement in the clinical condition of the
newborn and effective ventilation during newborn resus-
citation." A study from Tanzania showed that for every
bpm increase in first detected HR after birth, the risk of
death was reduced by 2%. Furthermore, an initial rapid
increase in HR to >100bpm in response to ventilation
reduced the risk of death by 75%, whereas a decrease
in HR to <100bpm when PPV was paused was associated
with an almost twofold increased risk of death.' Hence,
newborn HR provide essential information to guide clin-
ical management.

Rationale for the trial and hypothesis

The International Liaison Committee on Resuscitation
publishes Consensus on Science and Treatment Recom-
mendations for various topics with a summary of asso-
ciated knowledge gaps.” " No studies have previously
evaluated if immediate and accurate feedback on HR
from birth and during newborn resuscitation improves
time to life-saving interventions and short-term newborn

outcomes.?’ 16

The hypothesis is that immediate and continuous feed-
back on HR in the delivery room will guide HCPs of the
urgency to transfer the newborn to the resuscitaire if the
HR is <100bpm, HR does not increase if initially low,
or HR decreases if initially fast. Second, since NeoBeat
provide continous HR feedback, initiation of PPV will not
be delayed after the newborn is placed on the resuscitaire
due to auscultation, application of standard ECG or PO.

In this trial, we will explore if implementation of HR
measurement by dry electrode ECG technology increase
the proportion of non-breathing newborns who receive
PPV within the recommended 60s after birth by 50%
from 35% to 52.5%, compared with conventional moni-
toring, changes resuscitation interventions and short-
term outcomes.

METHODS AND ANALYSIS

Trial design and objectives

This is a single-centre, two-armed, parallel randomised
controlled trial in newborns>34 gestational weeks
receiving PPV within 5min of birth. The trial evaluates
the impact of immediate and continuous feedback on HR
after birth and during newborn resuscitation by dry elec-
trode ECG technology, NeoBeat, compared with standard
monitoring which include auscultation by stethoscope,
three-lead gel-electrode ECG and/or PO. The primary
endpoint is the proportion of non-breathing newborns
where PPV is initiated within 60s of birth in accordance
with resuscitation guidelines. The intervention could not
be blinded to the trial participants, HCPs or outcome
ASSESSOTS.

Setting

The trial is conducted at Stavanger University Hospital,
Norway. The hospital provides tertiary-level obstetric
and neonatal services for 4300 annual deliveries and
treats newborns from gestational age (GA) 23 weeks. The
hospital is the only hospital in the region and well suited
for population-based studies. Delayed cord clamping is
practised for healthy newborns. If the newborn require
resuscitation, the cord is clamped and cut, and the
newborn brought to the resuscitaire located in separate
resuscitation rooms on the labour ward. The distance
from the delivery rooms to the resuscitation room varies
between 3 and 20 m (mean 12 m). For caesarean sections,
the resuscitation room is adjacent to the operation
theatre. Newborn resuscitation follows national resuscita-
tion guidelines adapted from American Heart Association
and European Resuscitation Council guidelines.* "> HCPs
potentially involved in newborn resuscitations undergo
yearly off-site neonatal resuscitation training and fort-
nightly in situ multidisciplinary team simulation training
for those on call. Overall rate of PPV provision at birth
is 3.6%, and for newborns with GA>34 weeks, 2.8%.°
PPV is primarily performed using the flow-dependent
T-piece resuscitator NeoPuff (Fisher&Paykel Healthcare,
Auckland, New Zealand) or more infrequently using a
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self-inflating bag (Upright, Laerdal Medial, Stavanger,
Norway). A midwife, midwife assistant and paediatric resi-
dent initiate resuscitation, with the addition of a neona-
tologist, neonatal nurse, and anaesthesiologist and nurse
anaesthetists for complicated resuscitations. In newborns
receiving PPV after birth, HCPs are recommended to
assess HR by stethoscope, three-lead gel-electrode ECG
and PO as soon as time permits. The sequential order of
device application is left to the discretion of the attending
HCPs.

Eligibility criteria of participants
Allin-born, non-breathing newborns receiving PPV within
5min of birth, with GA>34 weeks regardless of their birth
weight, are eligible for inclusion in this trial.

Newborns are not eligible if born with congenital
malformations (omphalocele, gastroschisis) that inter-
fere with the placement of NeoBeat.

Intervention and comparator

All participating newborns have NeoBeat HR metre placed
immediately after birth. Newborns randomly assigned to
the intervention group have HR visible in the NeoBeat
display to guide decision-making and further manage-
ment of the newborn. Neonates randomly assigned to the
comparison group have the NeoBeat display masked by
tape, storing HR signal-data but not disclosing the HR to
the HCPs.

Primary, secondary and safety outcomes
Primary, secondary and safety outcomes are presented in
box 1.

Box1 Outcome measures

Primary outcome

Proportion of non-breathing newborns who receive PPV within 60 s af-
ter birth.

Secondary outcomes

Time in seconds from birth to initiation of PPV.

Duration of PPV in delivery room from first to last inflation (in seconds).
Time from birth to HR>60, >100and >120bpm as measured by ECG
(in seconds).

Time in seconds from birth to oxygen saturation>95%.

Median tidal volumes and proportion of inflations with tidal volumes>4,
>6, >8 mL/kg.

Ventilation fraction in the first 30 and 60 s of providing PPV defined as
cumulative number of seconds with PPV efforts, including pauses<3s.
Proportion of newborns with Apgar Score<7 at 5 and 10 min.

Neonatal intensive care unit admission rate among those receiving PPV.

Safety outcomes

Proportion of eligible live births who receive PPV in the two groups.
PPV delivered to newborns after birth despite spontaneous breathing
or not delivered to newborns not spontaneously breathing, due to in-
creased focus on resuscitative interventions, as determined by video
recordings.

Damage to skin or organs by HR sensor devices.

bpm, beats per minute; HR, heartrate; PPV, positive pressure ventilation.

Sample size calculation and interim analysis

The sample size calculation was based on time from birth
to initiation of PPV in a previous study from Stavanger
University Hospital in 2016-2017. Among newborns with
GA>34 weeks recieving ventilation within 5min of birth,
35% received PPV within the recommended first 60s.° To
have a power of 90% to detect an improvement to 52.5%
receiving PPV within 60s of birth, we will include at least
169 in each group. Thus, the total sample size will be at
least 338 newborns receiving PPV. This sample size calcu-
lation is based on using an overall significance level of
0.05 and performing one interim analysis according to the
O'Brien and Fleming’s procedure.17 The interim analysis
will be done midway. Two stopping rules defined below
will be used, one in case of a significant result and one in
case of futility. The interim test for significant result will
use a significance level of 0.0051. If the trial continues, a
significance level of 0.0475 will be used in the final anal-
ysis, keeping the overall significance level at 0.05."" The
trial will be stopped due to futility in case a conditional
power analysis shows a conditional power of 0.1 or less,
assuming that the original treatment effect is correct.”® "
The interim analysis will be performed by an indepen-
dent data safety monitoring board. Adverse events will be
reported to the data safety monitoring board.

Randomisation

A computer-generated block randomisation list with vari-
able block size was prepared from randomizer.org March
2019. Randomisation is performed so that newborns
born in a particular week receive the same monitoring
(NeoBeat display visible in intervention weeks or masked
with tape in comparison weeks), as individual rando-
misation is practically challenging. Randomisation is
performed by the research assistant on the first day of the
week. We do not think this will introduce bias, as most
births occur spontaneously and unplanned.

Implementation of the trial

This clinical trial is conducted in accordance with the
clinical trial protocol, good clinical practice and the
applicable regulatory requirements. The trial is imple-
mented in a standardised manner. Monthly conferences
are conducted to track progress.

Screening and enrolment

Expectant parents are informed about the trial and invited
to participate by the midwives at the routine diagnostic
ultrasound screening. As parental consents are primarily
obtained at routine ultrasound screening in early preg-
nancy, the risk of selection bias is reduced. For those who
have not been asked during early screening, consent is to
be obtained on admission to the labour ward. The HCPs
will then determine if the mother is physically, psycholog-
ically and emotionally fit to provide consent.

Implementation of the intervention
Throughout the trial period, NeoBeat is placed on all
participating newborns by the midwife or midwife assistant
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immediately after birth as an additional modality for HR
detection. Placement of NeoBeat does not interfere with
standard care of drying the newborn thoroughly on the
mother’s abdomen. For caesarean sections, NeoBeat is
placed when the newborn is clear of the sterile operation
field or on the resuscitation table. For the intervention
group, the HR is visible in the NeoBeat display. For the
comparison group, the NeoBeat display is masked with
tape. NeoBeat is kept on the newborn the initial 5min
after birth or until the newborn is considered respiratory
and circulatory stable. If the newborn fails to respond
to stabilisation and requires resuscitation, the cord is
clamped and cut, and the newborn is brought to the
resuscitaire without delay and with the wireless NeoBeat
in place. In newborns receiving chest compressions,
NeoBeat is, if needed, repositioned to the abdomen of
the newborn. HCPs have been trained in standard proce-
dures for applying the NeoBeat and use of the Liveborn
app. HCPs are informed that insufficient breathing or
HR<100bpm are indications for starting PPV within 60s
of birth, in line with resuscitation guidelines.

Data collection and definitions

HR signal data from NeoBeat, gel-electrode ECG and PO

The HR from NeoBeat is streamed to and recorded in
the Liveborn app, or retrospectively downloaded to the
NeoBeat app. HR from ECG and PO will be displayed
on the monitor screen (GE Healthcare, Boston, Massa-
chusetts, USA) with video recording for subsequent HR
extraction.

Ventilation signal data from the resuscitation monitor
Laerdal Newborn Resuscitation Monitor (Laerdal Global
Health) records and stores biomedical ventilation signal
data such as applied peak inflation pressures (PIP), posi-
tive end-expiratory pressures (PEEP), tidal volumes,
mask leak and ventilation rates. The respiration monitor
is equipped with a hot-wire anemometer flow sensor
(MIM Gmbh, Krugzell, Germany) and a piezo resistive
pressure sensor (Freescale Semiconductor, Austin, Texas,
USA) connected between the T-piece or bag and the
facemask. The resuscitation monitor has a lever formed
to hold the T-piece and mask and lifting the T-piece
initiates recording. For each inflation, the resuscitation
monitor measures and records PIP and PEEP (in mbar,
1 mbar equals 1.02 cmH,0), tidal volume (defined as
expiratory volume in ml), leak (defined as difference
between inflated and expiratory volume divided by
inflated volume, presented as percentage), dynamic lung
compliance (mL/mbar), inflation time and instant infla-
tion rate (60 divided by the time interval between current
and previous inflation). No visual feedback on ventila-
tion parameters will be displayed to the HCPs. Recorded
ventilation data from PPV episodes are downloaded and
stored on the research server.

Ventilation fraction is defined as cumulative number of
seconds with PPV efforts including pauses<3s in the first
30 and 60s of providing PPV, and is calculated from the

signal data from the respiration monitor and validated by
video recordings. The median tidal volume and propor-
tion of time with tidal volume>4, >6, and =8 mL/kg will
be calculated from the resuscitation monitor data.

Video recordings of resuscitations

Resuscitations are video recorded using motion sensor
triggered optic cameras placed above the resuscitation
tables, capturing the newborn and the hands of the
HCPs. The timestamps in the video server and Liveborn
app are automatically synchronised. Signal data from
PPV episodes are stored on the research server. Video
recordings are reviewed and data entered by two investi-
gators (SR, AK) to promote data quality, using XProtect
Smart Client software V.2016 (Milestone, Copenhagen,
Denmark). Video recordings of newborn resuscitations
are used to record the time when the newborn is placed
on the resuscitation table, placement of the facemask
and time for initiation and discontinuation of PPV. Video
recordings are also used to validate the respiratory effort
of the newborn (spontaneously breathing, gasping or
non-breathing), analyse pauses in PPV due to airway
suctioning (duration and number of attempts), reposi-
tioning of the newborn’s head to ensure an open airway,
intubation (duration and number of attempts) as well as
chest compressions (compressions performed or not and
duration).

Patient record information

Information from patient records on maternal risk factors,
delivery mode (vaginal, vaginal instrumental, elective or
emergency caesarian section), presentation, time of birth,
Apgar Score, birth weight, GA, growth restriction, umbil-
ical arterial and venous pH, pCO,, base excess, newborn
malformations, resuscitative interventions, admission to
the neonatal intensive care unit, newborn outcomes such
as delivery room survival, survival to hospital discharge,
hypoxic therapeutic hypothermia treatment, seizures,
hypoxic ischaemic encephalopathy, hypoglycaemia
(<1.4mmol/L) and admission temperature are electroni-
cally collected and stored in the research database.

Data storage
All data are collected and stored according to Norwegian
and EU regulations.

Data analysis

All analyses will be performed according to intention-
to-treat protocol. Even if NeoBeat is not applied, the
newborn will not be excluded. Results will be reported
by using Consolidated Standards of Reporting Trials
statement.

Effect sizes and their 95% CIs will be calculated for the
primary and secondary outcomes. Two-sided significance
tests at the 0.05 significance level will be performed. For
the primary outcome, significance level of 0.0051 will be
used at the interim analysis and 0.0475 at the final anal-
ysis, giving an overall level of 0.05. If important differences
in baseline characteristics between the intervention and
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control groups are identified, multiple logistic regression
or Cox proportional hazards models will be used to adjust
for potential confounding.

Descriptors for background characteristics in the inter-
vention and control groups will be presented in a baseline
table and summarised as means/SD or medians/IQRs for
continuous variables, according to their distribution, and
as frequencies and percentages for categorical variables.
These data will represent mode of delivery, sex, birth
weight, GA, umbilical arterial pH and Apgar Score.

Flow of participants
The number of participants through assessment of eligi-
bility, consent, randomisation and analysis will be docu-
mented. Reasons for exclusions and withdrawals will be
described.

A table showing baseline demographic and clinical
characteristics for each group will be presented.

Patient and public involvement
A user group were involved in the design and conduct of
the trial.

Ethics, dissemination and statements
Inclusion is based on GA>34 weeks for three main
reasons: (1) NeoBeat was only available for newborns with
birth weight>1500 g when the trial commenced. (2) The
majority of newborns resuscitated due to birth asphyxia
are born near term, at term or post term. (3) Newborns
with GA<84 weeks are more likely to require ventilation
support due to respiratory distress syndrome, and are in
our hospital mostly stabilised in open incubators that are
not equipped with video cameras for this trial.

The results will be published in a peerreview
medical journal and shared with stakeholders through
conferences.

Trial status

The trial is ongoing. The first participant was recruited
June 2019. Participant recruitment was initially expected
to be completed by June 2022. The current protocol is
V.5.0, dated 1 October 2021.

Author affiliations

'Department of Pediatrics, Stavanger University Hospital, Stavanger, Norway
ZFaculty of Health Science, University of Stavanger, Stavanger, Norway

%Strategic Research, Laerdal Medical AS, Stavanger, Rogaland, Norway
“Mathematics and Physics, Department of Mathematics and Natural Science,
University of Stavanger, Stavanger, Norway

SDepartment of Research, Stavanger University Hospital, Stavanger, Norway
®Department of Anaesthesiology and Intensive Care, Stavanger University Hospital,
Stavanger, Norway

"Department of Pediatric Research, University of Oslo, Oslo, Norway

8Department of Pediatric and Adolescent Medicine, Oslo University Hospital, Oslo,
Norway

°Department of Pediatrics and Adolescent Medicine, Ostfold Hospital, Gralum,
@stfold, Norway

'%Newborn Research, The Royal Women’s Hospital at Sandringham, Sandringham,
Victoria, Australia

Acknowledgements We thank the participating newborns and their parents, and
healthcare providers involved in newborn resuscitation.

Contributors SR is the principal investigator; she conceived the study, led the
proposal and protocol development. HLE, KS, KH, HMP, JH and PGD contributed

to the study design and to development of the proposal. SR and HLE were the
lead trial methodologists. SR, PAB, JH are grant holders. JTK provided statistical
expertise in clinical trial design and is conducting the primary statistical analysis.
JE contribute to data analysis and interpretation of the data. AK, PAB, JH, HMP, SR
and TBT participated in the data collection. All authors were involved in writing the
manuscript and approved the final version.

Funding Laerdal Medical (Stavanger, Norway) provided respiration monitors and
the initial dry electrode ECG sensors, and provided the study with an unconditional
research grant (no 5007). The funders had no role in the design of the study, in the
recruitment or data collection, analyses, interpretation of data, in the writing of the
manuscript or in the decision to submit the manuscript for publication.

Competing interests JE is a Laerdal Medical employee. PAB and JH have an
unconditional PhD grant from the Laerdal Foundation (PB Bjgrn Lind Grant no 30
026 and JH Safer Healthcare grant no 5007). SR has an unconditional research
grant from the Laerdal Foundation (Safer Healthcare grant no 5007). The other
authors declare no conflicts of interest.

Patient and public involvement Patients and/or the public were involved in the
design, or conduct, or reporting, or dissemination plans of this research. Refer to
the Methods and analysis section for further details.

Patient consent for publication Not applicable.
Provenance and peer review Not commissioned; externally peer reviewed.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs
Siren Rettedal http://orcid.org/0000-0002-4305-141X
Peter G Davis http://orcid.org/0000-0001-6742-7314

REFERENCES

1 Ersdal HL, Mduma E, Svensen E, et al. Early initiation of basic
resuscitation interventions including face mask ventilation may
reduce birth asphyxia related mortality in low-income countries:

a prospective descriptive observational study. Resuscitation
2012;83:869-73.

2 Ersdal HL, Linde J, Mduma E, et al. Neonatal outcome following
cord clamping after onset of spontaneous respiration. Pediatrics
2014;134:265-72.

3 Wyckoff MH, Wyllie J, Aziz K, et al. Neonatal life support: 2020
international consensus on cardiopulmonary resuscitation
and emergency cardiovascular care science with treatment
recommendations. Circulation 2020;142:5185-221.

4 Madar J, Roehr CC, Ainsworth S, et al. European resuscitation
Council guidelines 2021: newborn resuscitation and support of
transition of infants at birth. Resuscitation 2021;161:291-326.

5 Niles DE, Cines C, Insley E, et al. Incidence and characteristics of
positive pressure ventilation delivered to newborns in a US tertiary
academic Hospital. Resuscitation 2017;115:102-9.

6 Bjorland PA, @ymar K, Ersdal HL, et al. Incidence of newborn
resuscitative interventions at birth and short-term outcomes:

a regional population-based study. BMJ Paediatr Open
2019;3:e000592.

7 Bijorland PA, Ersdal HL, @ymar K, et al. Compliance with guidelines
and efficacy of heart rate monitoring during newborn resuscitation: a
prospective video study. Neonatology 2020;117:175-81.

8 Bush JB, Cooley V, Periman J, et al. NeoBeat offers rapid
newborn heart rate assessment. Arch Dis Child Fetal Neonatal Ed
2021;106:550-2.

9 Linde JE, Schulz J, Perlman JM, et al. Normal newborn heart
rate in the first five minutes of life assessed by Dry-Electrode
electrocardiography. Neonatology 2016;110:231-7.

10 Bjorland PA, Ersdal HL, Eilevstjonn J, et al. Changes in heart rate
from 5 S to 5 min after birth in vaginally delivered term newborns
with delayed cord clamping. Arch Dis Child Fetal Neonatal Ed
2021;106:311-5.

11 Pike H, Eilevstjonn J, Bjorland P, et al. Heart rate detection properties
of dry-electrode ECG compared to conventional 3-lead gel-electrode
ECG in newborns. BMC Res Notes 2021;14:166.

Rettedal S, et al. BMJ Open 2022;12:€061839. doi:10.1136/bmjopen-2022-061839

1ybuAdoo
Ag paoslold “1abueAels | 18181SISAIUN Y8 2202 ‘02 1970100 Uo /wod*[wg uadofwg//:diy woly papeojumod Zz0z 1aqwaides / uo 6£8T90-220¢-uadolwa/9eTT 0T se paysiignd isiy :uado rNg


http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-4305-141X
http://orcid.org/0000-0001-6742-7314
http://dx.doi.org/10.1016/j.resuscitation.2011.12.011
http://dx.doi.org/10.1542/peds.2014-0467
http://dx.doi.org/10.1161/CIR.0000000000000895
http://dx.doi.org/10.1016/j.resuscitation.2021.02.014
http://dx.doi.org/10.1016/j.resuscitation.2017.03.035
http://dx.doi.org/10.1136/bmjpo-2019-000592
http://dx.doi.org/10.1159/000506772
http://dx.doi.org/10.1136/archdischild-2020-320901
http://dx.doi.org/10.1159/000445930
http://dx.doi.org/10.1136/archdischild-2020-320179
http://dx.doi.org/10.1186/s13104-021-05576-x
http://bmjopen.bmj.com/

12

13

14

15

Rettedal S, Eilevstjonn J, Kibsgaard A, et al. Comparison of heart
rate feedback from Dry-Electrode ECG, 3-Lead ECG, and pulse
oximetry during newborn resuscitation. Children 2021;8. doi:10.3390/
children8121092. [Epub ahead of print: 26 Nov 2021].

Aziz K, Lee HC, Escobedo MB, et al. Part 5: neonatal resuscitation:
2020 American heart association guidelines for cardiopulmonary
resuscitation and emergency cardiovascular care. Circulation
2020;142:5524-50.

Linde JE, Perlman JM, @ymar K, et al. Predictors of 24-h outcome

in newborns in need of positive pressure ventilation at birth.
Resuscitation 2018;129:1-5.

Wyckoff MH, Aziz K, Escobedo MB, et al. Part 13: neonatal
resuscitation: 2015 American heart association guidelines update for

16

17

cardiopulmonary resuscitation and emergency cardiovascular care
(reprint). Pediatrics 2015;136 Suppl 2:5196-218.

Wyllie J, Bruinenberg J, Roehr CC, et al. European resuscitation
Council guidelines for resuscitation 2015: section 7. resuscitation
and support of transition of babies at birth. Resuscitation
2015;95:249-63.

O'Brien PC, Fleming TR. A multiple testing procedure for clinical
trials. Biometrics 1979;35:549-56.

Demets DL. Futility approaches to interim monitoring by data
monitoring committees. Clin Trials 2006;3:522-9.

Walter SD, Han H, Guyatt GH, et al. A systematic survey of
randomised trials that stopped early for reasons of futility. BMC Med
Res Methodol 2020;20:10.

Rettedal S, et al. BMJ Open 2022;12:061839. doi:10.1136/bmjopen-2022-061839

1ybuAdoo
Ag paoslold “1abueAels | 18181SISAIUN Y8 2202 ‘02 1970100 Uo /wod*[wg uadofwg//:diy woly papeojumod Zz0z 1aqwaides / uo 6£8T90-220¢-uadolwa/9eTT 0T se paysiignd isiy :uado rNg


http://dx.doi.org/10.3390/children8121092
http://dx.doi.org/10.1161/CIR.0000000000000902
http://dx.doi.org/10.1016/j.resuscitation.2018.05.026
http://dx.doi.org/10.1542/peds.2015-3373G
http://dx.doi.org/10.1016/j.resuscitation.2015.07.029
http://dx.doi.org/10.2307/2530245
http://dx.doi.org/10.1177/1740774506073115
http://dx.doi.org/10.1186/s12874-020-0899-1
http://dx.doi.org/10.1186/s12874-020-0899-1
http://bmjopen.bmj.com/

	Impact of immediate and continuous heart rate feedback by dry electrode ECG on time to initiation of ventilation after birth: protocol for a randomised controlled trial
	Abstract
	Introduction﻿﻿
	Background
	Rationale for the trial and hypothesis

	Methods and analysis
	Trial design and objectives
	Setting
	Eligibility criteria of participants
	Intervention and comparator
	Primary, secondary and safety outcomes
	Sample size calculation and interim analysis
	Randomisation
	Implementation of the trial

	Screening and enrolment
	Implementation of the intervention
	Data collection and definitions
	HR signal data from NeoBeat, gel-electrode ECG and PO
	Ventilation signal data from the resuscitation monitor
	Video recordings of resuscitations
	Patient record information
	Data storage

	Data analysis
	Flow of participants
	Patient and public involvement
	Ethics, dissemination and statements
	Trial status


	References


