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Introduction: The Newborn Life Support (NLS) guideline aims to provide healthcare pro-
fessionals a consistent approach during neonatal resuscitation. Adherence to this and anal-
ogous guidelines has repetitively been proven to be difficult.
This study evaluates adherence to guideline using a novel augmented reality (Microsoft
HoloLens) electronic decision support tool during standardized simulated neonatal resusci-
tation compared with subjects working from memory alone.
Methods: In this randomized controlled pilot study, 18 professionals responsible for neo-
natal resuscitation were randomized to the intervention group and 11 to the control group.
Demographic characteristics were similar between both groups. A standardized neonatal
resuscitation scenario was performed, which was recorded and later assessed for adher-
ence to the NLS algorithm by 2 independent reviewers. Secondary outcomes were error
classification in case of algorithm deviation and time to the execution or completion of crit-
ical steps in the algorithm to determine delay.
Results: Median (interquartile range) scores of a theoretical maximum of 40 in the inter-
vention group were 34 (32.5–35.5) versus 29 (27–33) in the control group ( P = 0.004).
Errors of commission were committed less frequently with the electronic decision support
tool 2 (1–2.5) compared with 4 (2–4) in the control group ( P = 0.029). Analysis of time
to initiation or completion of key steps in the NLS algorithm showed no significant differ-
ences between both groups.
Conclusions: Healthcare professionals using an electronic decision support tool showed
improved adherence to the NLS guideline during simulated neonatal resuscitation.
(Sim Healthcare 17:293–298, 2022)
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Birth is a complicated process in which 10% of all newborns
require some assistance to start breathing. One percent, how-
ever, requires more extensive measures to survive.1 To provide
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a consistent approach during neonatal resuscitation, healthcare
professionals in Europe are trained using the Newborn Life
Support (NLS) guideline published by the European Resuscita-
tion Council (ERC).2 Since the introduction of the NLS in 1999
and other comparable guidelines such as the Neonatal Resusci-
tation Program, research has repetitively shown that adherence
to these guidelines is challenging and that errors during neona-
tal resuscitation are frequent. Previous research assessing real-
life neonatal resuscitations reported deviation and error rates
up to 55%.3–5 In addition, rapidly deteriorating skills and
knowledge despite frequent resuscitation training have been
well documented in literature.6–8 There is limited research
on the effects of suboptimal adherence in patient outcome.
However, several reports have shown that structured resusci-
tation training does improve patient outcome.9,10

Since the adoption of the NLS and analogous guidelines,
numerous efforts have been made attempting to reduce errors
during neonatal resuscitation. Checklists and cognitive aids
have been proposed to improve adherence to guideline. Many
are without any significant improvement.11,12

The cause of poor adherence to guideline remains largely
unknown. A recent study under Dutch pediatricians revealed a
large variation in knowledge, guideline execution, and resusci-
tation skills. This demonstrates the need for cues and quantita-
tive feedback during neonatal resuscitation.13 Research into
classification of errors during resuscitation has shown that er-
rors of commission are abundant and repetitive and may be of
clinical significance.14 It is thought that limited human ability
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in interacting with simultaneous stimuli and the high cognitive
and technical demand during neonatal resuscitation might be
explanatory for this phenomenon.15–17

Decision support tools (DSTs) are designed to fundamen-
tally reduce cognitive load by decreasing cognitive demand and
making decision making less prone to human error. A growing
body of evidence suggests that the use of electronic decision
support tools (eDSTs) during resuscitation is promising. To
date, multiple studies have shown a significant reduction of er-
rors and deviations and therefore improving adherence to
guideline in different simulated resuscitation settings.18–22

The use of augmented reality in medical applications has
shown to be an effective and versatile technique as interactive
images can be displayed in the user's field of view without a
significant disturbance of normal vision.23–26 In the field of
neonatology, the use of augmented reality during simulated
intubation has shown to be effective.25 Using the 2015 ERC
NLS guidline, we designed an electronic decision support tool
using augmented reality. We chose the Microsoft HoloLens as
a platform.

The aim of this study is to evaluate adherence to guideline
in subjects using an augmented reality electronic decision sup-
port tool during standardized simulated neonatal resuscitation
compared with subjects working from memory alone.

METHODS
Participants and Study Design

In this prospective randomized controlled pilot study, a
total of 29 healthcare professionals participated. Subjects were
included from 3 different hospitals: Radboud University Med-
ical Center Amalia Children's Hospital, Nijmegen (level 3 neo-
natal unit), Rijnstate Hospital, Arnhem (level 2 neonatal unit),
and Maasziekenhuis Pantein, Boxmeer (level 1 neonatal unit).
The selection process of participants was based on availability
of participants on the day the study team visited the selected
hospitals. When the study team arrived, subjects could volun-
tarily apply to participate in the study. Subjects were only eligi-
ble to participate if their role in the hospital would require the
skillset necessary to perform a full neonatal resuscitation. As a
result, only pediatric residents, pediatricians, and neonatologists
were able to participate. For allocation, participants were
assigned to the control or intervention group by the study
team using simple randomization procedures (computerized
FIGURE 1. Detailed ARNE interface. Augmented reality in neonatolo
spiratory rate, and temperature. All steps according to the NLS algor
before resuscitation. Tube size and depth and dosage of medication
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random numbers) moments before the start of the sce-
nario. No randomization restrictions were applied. All
participants performed 1 simulated neonatal resuscitation
scenario with the aid of a nonobstructive nurse. Audiovisual
recordings of all sessions were obtained and later reviewed by
the study team.

Technical Information
The original Microsoft HoloLens version 1 (Redmond,

WA) is an untetheredmixed reality head-mounted display, en-
abling augmented visuals to be projected in the user's field of
view.We developed an application for theMicrosoft HoloLens
using the commercially available Windows API and Unity en-
gine called augmented reality in neonatology (ARNE). This
application wirelessly connects the HoloLens to the instructor
interface and downloads the desired vital parameters [heart
rate (HR), saturation (SpO2), respiratory rate, and tempera-
ture] at a 1-second interval. It incorporates vital parameter
data into the built-in NLS algorithm. The user interface pre-
sents vital patient data, current, and next appropriate steps of
the algorithm using augmented visuals floating above the pa-
tient (Figs. 1, 2). It uses the built-in speakers and microphones
to establish 2-way communication with the operator, giving
the operator cues, evaluating whether an operation has been
completed or requesting additional information for its analysis
in absence of monitor data (examples are listed in Table 1). All
vital parameters are designed to show the actual value includ-
ing changing colors of the corresponding icons based on the
appropriateness of the value. In addition to the figures, a dem-
onstration of ARNE is available as supplemental digital con-
tent (see Video, Supplemental Digital Content 1, http://links.
lww.com/SIH/A790, for a brief demonstration).

A modified low-fidelity Neonatal Resuscitation Baby
(Laerdal, Stavanger, Norway) was used in all simulated resus-
citation scenarios. The manikin was modified by T.A.J.A.,
transforming it into a high-fidelity neonatal patient simulator.
Head position, airway pressures, and chest compressions char-
acteristics can be measured by positional, flow, and pressure
sensors. Audio was added by small speakers to provide to abil-
ity to assess HR using a stethoscope. A simulated bedside pa-
tient monitor was used to display the vital parameters if the
participant attached electrocardiogram and/or pulse oximetry
sensors. The software controlling the manikin and the bedside
gy provides a clear overview of time since delivery, HR, SpO2, re-
ithm are displayed hereinafter. Weight and condition can be set
and fluids alter according to weight.
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FIGURE 2. Overview of the ARNE interface as visible through
the Microsoft HoloLens.
monitor (HR, SpO2, and spontaneous breathing) was custom
made and programmed by T.A.J.A. in C#. The control soft-
ware ran from a computer using a wireless connection with
the manikin and simulated bedside monitor, making it possible
to operate the manikin and monitor from outside the room. A
standardized script depending on the actions of the participant
was run on this equipment during each simulation session.

Setting
Participants were requested to perform a real-time resus-

citation at birth according to the NLS guideline. Beforehand,
all subjects were familiarized with the equipment of the simu-
lated delivery room. Subjects in the intervention group were
instructed how to operate the HoloLens and ARNE but were
not exposed to the NLS algorithm. All participants were
assigned to the role of resuscitation team leader and in charge
of airway management. The role of nonobstructive nurse was
played by experienced resuscitation simulation operators.
The nurse acted as in real clinical care but only on the
participant's request. All scenarios were videotaped using a
single wide angle high-definition camera (GoPro HD Hero 3
Black Edition) providing a full overview of the manikin, par-
ticipant, and surroundings.

Each simulation included a briefing about the clinical his-
tory: a term newborn delivered by cesarean section because of
fetal distress with a clinical suspicion of a placental abruption.
At the initial assessment, the HR of the manikin was set at a
rate of 40 beats per minute with no spontaneous breathing.
TABLE 1. Examples of Auditory Cues and Expected Operator Actions

Auditory Cue

“Is the baby breathing?” Evaluate

“Inflate the lungs, 5 breaths with a two till three second
inspiration and watch for chest rise”

Start pro
5 insu
pressu

“Low heartrate detected” ARNE d
For th

“Start compressions with a ratio of three compressions to one breath” Start wit
mome
oxyge

“Place an umbilical catheter and continue basic life support” Place an
or “fa
provid
(1) ge

UVC, umbilical venous catheter.
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Color and muscle tonus were provided by the operator of
the mannequin and were “pale/blueish” and “weak,” respec-
tively. The first set of chest compressions did not result in an
increase of HR. Only after epinephrine and a fluid or blood
bolus were provided via an umbilical venous catheter, HR
and SpO2 would recover. After which, chest compressions
could be ceased and ventilation had to be continued. At this
time, the subject was instructed that the simulation had been
completed.

Outcome Measures and Statistical Analysis
All video recordings were collected and subsequently in-

dependently evaluated for assessment metrics by K.D.T. and
T.A.J.A. K.D.T. is a pediatric resident. T.A.J.A. is a neonatolo-
gist, NLS instructor, and course director with extensive experi-
ence in high-fidelity video-assisted real-time simulation train-
ing. A task was deemed appropriate when executed in accor-
dance with the 2015 ERC NLS algorithm (see document,
Supplemental Digital Content 2, http://links.lww.com/SIH/
A791, for a complete case description and evaluation form).
Each appropriate executed task was assigned a score of 1. The
highest possible score was 40, based on the sum of tasks ana-
lyzed. Error classification was used to distinguish between errors
of omission and commission in case of algorithm deviation.

Duration of time until the execution or completion of sev-
eral critical steps in the algorithm was assessed to determine
whether the use of the eDST would cause delay during simu-
lated neonatal resuscitation.

Based on a nonnormal distribution of scores and errors,
both groups were compared using theWilcoxon rank sum test
(Mann-Whitney). Cohen κ was used to assess interrater reliabil-
ity for nominal data, comparing every distinct step in all subjects.
For continuous data, the intraclass correlation coefficient was cal-
culated based on a single measurement, absolute agreement, and
2-way mixed-effects model. SPSS 25.0 (IBM Chicago, IL) was
used for statistical analysis. P values less than 0.05 were consid-
ered statistically significant.

RESULTS
From September to December 2019, a total of 29 healthcare
professionals participated in the study. Eighteen of the 29 par-
ticipants were randomly assigned to perform their NLS simula-
tion with the help of our eDST. One subject in the intervention
Operation to Be Performed and Interaction by User

spontaneous breathing. Answer by saying “Yes” or “No.”

viding insufflation breaths. A timer will count down in which the
fflation breaths are expected to be given (30 s). Recommended
res are stated as well. Advance in protocol by saying “Next step.”

etects the HR automatically from ECG or pulse oximetry sensors.
is, no input from the user is required.

h chest compression. Again, a timer will count down 30 s until the next
nt of evaluation. Visual cues include to increase the fraction of inspired
n (FiO2) and to prepare a UVC. Advance in protocol by saying “Next step.”

umbilical venous catheter. The user can provide the answers “success”
iled.” In the first case, ARNE will continue with the recommendation to
e adrenaline. If a UVC could not be placed, ARNE will recommend to
t help and continue basic life support or (2) get alternative intravenous access.
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TABLE 2. Demographic Characteristics of the Study Group

Randomization Arm

Demographics Decision Support Tool (n = 17) Control (n = 11)

Age, mean (SD), y 36.41 (10.8) 36.36 (11.6)

Sex (female), n (%) 12 (71%) 7 (64%)

Function (resident), n (%) 9 (53%) 6 (55%)

Years of experience, median (IQR [range]) 5 (2–17.5 [1–30]) 3 (2–16 [1–25])

Previous NLS training, n (%) 15 (88%) 10 (90%)

Years since last NLS training, median (IQR [range]) 3 (1–6.25 [0–13]) 1.5 (0–3.75 [0–7])

Previous neonatal resuscitation, n (%) 12 (71%) 7 (64%)

Years since last resuscitation, median (IQR [range]) 1 (0–4.75 [0–10]) 0 (0–3 [0–3])
group was excluded from analysis because of device malfunc-
tion (see document, Supplemental Digital Content 3, http://
links.lww.com/SIH/A792, which shows a flow diagram and
Consolidated Standards of Reporting Trials checklist). As
shown in Table 2, the 2 groups showed similar demographic
characteristics (P > 0.05).

To compare the difference in adherence to guideline be-
tween both groups, a total of 40 tasks per individual were
assessed based on the NLS algorithm. The median [inter-
quartile range (IQR)] test score in the eDST group was 34
(32.5–35.5) compared with 29 (27–33) in subjects working
from memory alone (P = 0.004).

Subjects using the eDST showed significantly less errors of
commission, for example, starting the Apgar clock late or pro-
viding ventilation breaths for less than 30 seconds. Median er-
rors of commission were 2 (1–2.5) in the intervention group
versus 4 (2–4) in the control group (P = 0.029).

Regarding delay, wemeasured if the initial assessment had
been completed 30 seconds after birth and, as the NLS algo-
rithm states, if the 5 insufflation breaths had been provided
within 60 seconds after birth. In this study, analysis of both
items showed no significant differences between intervention
and control groups for the completion of initial assessment
FIGURE3. Comparison of execution or completion of key steps in the
to the execution or completion of key steps during standardized simula
significant between both groups ( P > 0.05).
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within 30 seconds (76 vs. 64%, P = 0.671) and completion
of insufflation breaths within 60 seconds (59 vs. 55%,
P = 1.000). Analysis of time to execution of distinct critical
steps in the NLS algorithm showed no significant differences
in both groups (shown in Fig. 3).

Agreement between the 2 individual raters was excellent.
Agreement of nominal data was κ = 0.974. Intraclass correla-
tion for continuous data was 0.999 (95% confidence inter-
val = 0.999–1.000).

DISCUSSION
Healthcare professionals using our eDST showed a statistically
significant improved adherence to the NLS guideline when
compared with healthcare professionals working from mem-
ory alone. By using ARNE healthcare professionals were less
likely to deviate from the algorithm and less prone to commit
errors of commission. No significant differences were found
between the eDST and control groups with regard to elapsed
time in completion of the first assessment, provision of in-
sufflation breaths, and other critical resuscitation steps. This
demonstrates that the use of our eDST did not slow
healthcare professionals down throughout their simulated
resuscitation scenarios.
NLS algorithm.Mean time (in seconds) ± standard deviation taken
ted neonatal resuscitation. Distinct steps did not differ statistically
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Neonatal resuscitation is a critical and time-sensitive in-
tervention, which has a significant impact on mortality and
life-long neurological morbidity. Deviations and errors during
neonatal resuscitationmay have a detrimental effect on patient
outcome. In the control group, 3 subjects skipped critical steps
in the NLS algorithm, compared with none in the intervention
group. One subject did not provide ventilation breaths for 30
seconds before initiation of chest compressions, whereas 2
subjects did not provide chest compression before placing an
umbilical venous catheter. Ventilation of the newborn lungs
is crucial in neonatal resuscitation, because adequate ventila-
tory support may prevent further cardiorespiratory deteriora-
tion and may decrease chances of successful resuscitation.27

One previous study reported a significant reduction in
guideline deviations when using NeoCue (MedicalCue, Inc,
Mountain View, CA) during simulated neonatal resuscita-
tion.21 NeoCue is an eDST, providing auditory and visual
prompts extrapolated from the Neonatal Resuscitation Pro-
gram algorithm based on manual input of heart and respira-
tory rate. Augmented reality in neonatology advances upon
the NeoCue as it automatically acquires essential vital param-
eters frommonitor data in simulated and real-life neonatal re-
suscitation, requiring no manual input of HR and breathing.
The use of augmented reality rather than a tablet computer
provides health care professionals with a continuous and un-
disturbed overview of vital parameters and instructions while
keeping their hands free for essential interventions.

This study supports evidence from previous observations
evaluating the use of eDSTs in healthcare. Electronic decision
support tools concerning simulated life-threatening or resusci-
tation scenarios have shown a significant improvement in ad-
herence to guideline and reduction of errors and deviations.18–22

Despite promising results, the adoption of eDSTs in clinical
practice is still limited. Adoption of new technology or changes
in long-standing routines often results in a temporarily in-
creased user distraction or an additional required effort. In this
study, subjects using the eDST were able to complete a greater
number of correct actions without signs of delay in the algo-
rithm, which may be explained by a reduced cognitive de-
mand. However, successful neonatal resuscitation is not only
limited to cognitive skills but requires technical and behavioral
skills as well. Evaluation of technical and behavioral skills was
outside the scope of this study.

Almost all participants agreed that an eDST is a welcome
and helpful technology to be introduced in the clinical setting.
However, the HoloLens version 1 represents an early instantiation
of a commercially available augmented reality head-mounted dis-
play and subsequently has multiple drawbacks and technical
limitations. Participants mentioned the limited field of view in
which the holograms were projected to be inconvenient. De-
spite the fact that operation of ARNE was dependent on 6 dis-
tinct phrases, the speech recognition engine of the Microsoft
HoloLens experienced considerable difficulties when being used
in noisy environments. Other comments were bulkiness of the
device and poor comfort when being worn for a prolonged
amount of time or when combined with prescription glasses.

In addition to the technical limitations of the Microsoft
HoloLens, this pilot study has several limitations, which must
be acknowledged.
Vol. 17, Number 5, October 2022 © 2022 The Author(s). Published by W
Our study is limited by a small sample size consisting of
mainly pediatric residents. In our facility, all pediatric residents
are required to undergo formal neonatal life support training.
However, these participants are relatively young medical doc-
tors and not fully trained consultants. It is conceivable that
their limited experience and exposure to real neonatal resusci-
tation results in more deviations and errors. Nonetheless, even
experienced pediatricians show the need for cues and feedback
during resuscitation and may profit from the support of an
eDST as well.13

All measurements were conducted during simulated resus-
citation due to the ethical and organizational difficulties when
conducting research in real-life critical conditions. However,
high-fidelity simulation has been demonstrated to be beneficial
as research methodology during neonatal resuscitation.28

None of the subjects in the intervention group obtained
an optimal compliance even when all of the appropriate ac-
tions were displayed in our eDST. This could be due to limita-
tions of the user interface or due to inadequate familiarity with
the device.

Analysis only concerned the performance of the resuscita-
tion team leader. A resuscitation team, consisting of at least 3
people, may yield different results. Therefore, it would be in-
teresting to evaluate the effect of this eDST on team perfor-
mance during simulated neonatal resuscitation.

CONCLUSIONS
The use of decision support tools based on augmented reality
is a novel and promising approach to further improve neona-
tal resuscitation. This study shows an improved adherence to
the NLS guideline during simulated neonatal resuscitation.
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