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Abstract

Objective: To compare the accuracy of heart rate detection properties of a novel, wireless, dry-electrode elec-
trocardiogram (ECG) device, NeoBeat®, to that of a conventional 3-lead gel-electrode ECG monitor (PropagM®) in
newborns.

Results: The study population had a mean gestational age of 39 weeks and 2 days (1.5 weeks) and birth weight
3528 g (668 ). There were 950 heart rate notations from each device, but heart rate was absent from the reference
monitor in 14 of these data points, leaving 936 data pairs to compare. The mean (SD) difference when comparing
NeoBeat to the reference monitor was -0.25 (9.91) beats per minute (bpm) (p=0.44). There was a deviation of more
than 10 bpm in 7.4% of the data pairs, which primarily (78%) was attributed to ECG signal disturbance, and secondly
(22%) due to algorithm differences between the devices. Excluding these outliers, the correlation was equally consist-
ent (X =0.96) in the full range of heart rate captured measurements with a mean difference of —0.16 (3.09) bpm.The
mean difference was less than 1 bpm regardless of whether outliers were included or not.
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Introduction

Approximately 5-6% of newborns require resuscitation
at birth [1-3]. Heart rate is the most important clinical
indicator used to assess the need for resuscitation and
effectiveness of interventions [3].

To obtain rapid and reliable heart rate monitoring
during newborn resuscitation is challenging. Compara-
tive studies show that electrocardiogram (ECG) provide
feedback of heart rate earlier than pulse oximetry, and
pulse oximetry can underestimate initial heart rate [4—9].
The International Liaison Committee on Resuscitation
(ILCOR) suggests using ECG for accurate estimation of
heart rate during newborn resuscitation, and emphasizes
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the importance of speed and reliablity [3, 10]. A novel,
wireless, dry-electrode ECG device NeoBeat Newborn
Heart Rate Meter (Laerdal Global Health, Stavanger,
Norway) (Fig. 1) can be placed around the newborns
wet torso or abdomen immediately after birth and dis-
play heart rate from 5 s after birth [11, 12]. Randomized
controlled trials are ongoing to evaluate if immediate and
continuous heart rate feedback during resuscitation of
newborns by dry-electrode ECG technology improves
compliance with guidelines and clinical outcomes. How-
ever, validation studies comparing heart rate measure-
ments obtained by NeoBeat to conventional ECG from
clinical settings are lacking. Does heart rate measure-
ments obtained by the dry-electrode ECG device Neo-
Beat correlate with that of a conventional gel-electrode
ECG monitor in healthy newborns?
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Fig. 1 NeoBeat and reference monitor. Data collection of heart rate
measurements by the dry-electrode NeoBeat and gel-electrode
reference monitor

Objective

The aim of this study was to correlate the heart rate
detection properties of a dry-electrode ECG device, Neo-
Beat (Laerdal Global Health), to that of a conventional
3-lead gel electrode ECG, PropagM® (Zoll) in newborns.

Main text

Materials and methods

This single-centre observational study was conducted
in the maternity unit at Stavanger University Hospi-
tal, Stavanger, Norway. Healthy newborns with birth
weight >1500 g were included during their first day of
life April 12th—-May 26th 2019. Inclusion happened on
random days when the investigators were on call and
time permitted. Newborns in need of medical interven-
tions at birth or admission in the Neonatal Intensive Care
Unit were excluded. All parents of approached eligible
newborns agreed to participate in the study.

The sample size was estimated using single population
proportion formula with the assumption of proportion
(p) for deviation score, p=10%, with the standard devia-
tion 95% level of certainty (2.5), and margin of error 0.1.
This gave an estimate of 525 data points. An addition of
20% for missing data due to potential technical errors
gave an estimate of 630 data points. We included a sam-
ple of 50 newborns in the analyses, sampled every 10 s for
3 min, resulting in a total of 950 data points from each
device.

The wireless, dry-electrode ECG device NeoBeat
(Laerdal Global Health, Stavanger, Norway) was devel-
oped for heart rate monitoring in newborns. The device
can be rapidly applied to the newborns wet torso or
abdomen after birth, and presents heart rate on a display
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on the sensor. For comparison, we used a reference moni-
tor, a conventional 3-lead gel-electrode ECG (Propaq M,
Zoll, Sydney, NSW, Australia) with BlueSensor ECG elec-
trodes (Ambu, Ballerup, Denmark). In both devices, ECG
biosensors and algorithms detect and display the heart
rate based on QRS complex detection. An internal algo-
rithm in each device designed by the manufacturer deter-
mines how QRS detection is transformed into heart rate
displayed on the screen. Differences in this algorithm i.e.
how many QRS complexes are used for averaging heart
rate, will have an effect on the heart rate displayed.

During data collection, the newborns were placed in
the supine position. The conventional 3-lead gel-elec-
trode ECG was connected to the newborn’s torso as per
the device’s instructions and the dry-electrode device
attached across the torso. Electrodes of the two devices
were located apart from each other (Fig. 1).

Heart rates displayed from the two devices were video-
recorded for three minutes. Two researchers, HP and SR,
reviewed the videos individually and registered heart rate
from each device at 10-s intervals for 3 min, providing 19
notations per device per participant. The resulting 950
heart rate data points per device gave 950 data pairs to
compare. To avoid human error in the notation process,
discrepancies in the heart rate of more than five beats
per minute (bpm) between the two researchers led to a
re-examination of the video recordings and consensus
on correct heart rate was reached. The notations from
the two researchers were averaged for the subsequent
analyses.

Statistical analysis

Data were analyzed with Matlab (The MathWorks,
Natick, MA). Continuous variables were expressed as
mean (standard deviation) unless otherwise stated. The
devices were compared using a paired t-test. The device
differences were illustrated using a correlation plot and
a Bland—Altman plot. In analysis of the two devices, the
conventional 3-lead gel-electrode ECG was the reference
monitor for comparison. We defined outliers as > 10 bpm
rate difference between the devices and these were fur-
ther analyzed to find the likely reason for the deviation,
including re-examination of the video recordings.

Results
The study population (n=50) had a mean gestational
age of 39 weeks and 2 days (1.5 weeks) and birthweight
3528 g (668 g). All data were checked with double entry
and the inter-reviewer agreement correlated well (Pear-
sons’ r=0.9993).

There were 950 heart rate notations from each device,
but heart rate was absent from the reference monitor in
14 of these data points, leaving 936 data pairs to compare.
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The mean (SD) difference when comparing NeoBeat to
the reference monitor was — 0.25 (9.91) bpm (p=0.44)
(Fig. 2). Heart rate variability between the two devices
over time in an individual newborn is presented in Addi-
tional file 1: Figure S1.

Assuming the heart rate of healthy newborns was sta-
ble over the three minutes of measurement, a linear fit of
heart rate measurements was calculated for each meas-
urement series. The mean square error between the data
points and the linear fit was then calculated for each
newborn for each device. The ensemble mean square
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Fig. 2 Deviation between the devices. Histogram and boxplot of
deviation between devices. Y-axis indicate number of measurements
and x-axis indicate the heart rate in beats per minute
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error for NeoBeat and the reference monitor were 33.3
and 115.2 respectively. This shows that the reference
monitor had more spurious measurements contributing
to more deviation between the measurement devices.

Analysis of outliers

There were 69/936 data pairs (7.4%) with a devia-
tion > 10 bpm. Poor ECG signal in the reference monitor
was noted as the reason in 54/69 (78%) data points. 30
of these 54 were because of ECG signal disturbance due
to newborn movements (e.g. coughing, hiccupping, cry-
ing, spontaneous movements). The remaining data points
were due to heart rate recovery thereof (i.e. when the
monitor heart rate averaged back to “correct” heart rate).

In the reminding 15 of 69 data pairs (22%), newborn
movements could not explain the deviations.

When the 69 outliers were removed, the devices
showed consistent correlation (r*=0.96) in the full range
of captured heart rate measurements. The mean differ-
ence, when comparing the dry-electrode sensor to the
reference monitor, excluding outliers was — 0.16 (3.09)
bpm (Fig. 3).

Discussion

In this study, we found no systematic errors or discrep-
ancies between the two devices. The dry-electrode
device showed a high degree of correlation with the ref-
erence ECG monitor, with less than 1 bpm difference.
This finding was valid regardless of whether the outliers
were included or not. The outliers observed were pre-
dominantly due to episodes of poor ECG signal in the
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Fig. 3 Correlation between devices. Correlation plot (a) and Bland—Altman plot (b) for the data set with the 69 outliers removed
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reference monitor, mostly due to spontaneous movement
of the newborns.

In 1.6% of the data points the discrepancies between
the two devices were probably attributable to differences
in the internal algorithm of the two devices. Heart rate
frequency can be detected from ECG signal by differ-
ent algorithms, based on QRS complex detection where
heart rate is computed from the distance between the
QRS complexes. We speculate that the reference monitor
has a shorter averaging window for heart rate detection
and presentation on the screen than NeoBeat. Although
the systematic difference was minimal, heart rate from
the 3-lead gel-electrode ECG monitor increased or
decreased some seconds before heart rate from the dry-
electrode device. This observed difference between the
devices is clinically insignificant.

Our findings suggest that the reference monitor can be
motion sensitive. This is important to consider in a resus-
citation situation when interpreting the readings of any
ECG device is crucial. A concern identified by ILCOR
is initiated treatment based on a false positive low heart
rate reading [10]. The dry-electrode device showed a
lower sensitivity to motion and may be promising as a
reliable device during resuscitation.

The findings of this study have important clinical impli-
cation demonstrating that heart rate measurements
obtained by NeoBeat dry-electrode ECG correlate well
with conventional gel-electrode ECG in healthy new-
borns. Correlation studies comparing accuracy of heart
rate detection properties at low and high heart rates dur-
ing newborn resuscitations are warranted.

Conclusion

NeoBeat dry-electrode ECG was equally reliable and
accurate over time as compared to a conventional 3-lead
ECG device. The mean difference was less than 1 bpm
regardless of whether outliers were included or not. Clin-
ically insignificant, short-duration deviations were docu-
mented. These could be attributed to internal algorithm
differences between the two devices.

Limitations

A limitation of our study was that correlation analy-
sis was performed in healthy newborns with heart rate
measurements in the normal range 100-160 bpm, not
during resuscitation when lower and higher heart rates
would be expected (Additional file 2).

Abbreviations
bpm: Beats per minute; ECG: Electrocardiogram; ILCOR: The International
Liaison Committee on Resuscitation.
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Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/513104-021-05576-x.

Additional file 1: Figure S1. Heart rate variability between devices. Fig-
ure S1. Heart rate variability over time in an individual newborn.

Additional file 2. Heart rate data pairs from the two devices by the two
observers.
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