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ABSTRACT

Introduction Infants born with critical congenital heart
defects (CCHDs) have unique transitional pathophysiology
that often requires special resuscitation and management
considerations in the delivery room (DR). While much

is known about neonatal resuscitation of infants with
CCHDs, current neonatal resuscitation guidelines such

as the neonatal resuscitation programme (NRP) do not
include algorithm modifications or education specific to
CCHDs. The implementation of CCHD specific neonatal
resuscitation education is further hampered by the large
number of healthcare providers (HCPs) that need to be
reached. Online learning modules (eLearning) may provide
a solution but have not been designed or tested for this
specific learning need. Our objective in this study is to
design targeted eLearning modules for DR resuscitation of
infants with specific CCHDs and compare HCP knowledge
and team performance in simulated resuscitations among
HCPs exposed to these modules compared with directed
CCHD readings.

Methods and analysis In a prospective multicentre trial,
HCP proficient in standard NRP education curriculum are
randomised to either (a) directed CCHD readings or (b)
CCHD eLearning modules developed by the study team.
The efficacy of these modules will be evaluated using (a)
individual preknowledge/postknowledge testing and (b)
team-based resuscitation simulations.

Ethics and dissemination This study protocol is
approved by nine participating sites: the Boston Children’s
Hospital Institutional Review Board (IRB-P00042003),
University of Alberta Research Ethics Board
(Pro00114424), the Children’s Wisconsin IRB (1760009-
1), Nationwide Children’s Hospital IRB (STUDY00001518),
Milwaukee Children’s IRB (1760009-1) and University

of Texas Southwestern IRB (STU-2021-0457) and is
under review at following sites: University of Cincinnati,
Children’s Healthcare of Atlanta, Children’s Hospital of
Los Angeles and Children’s Mercy-Kansas City. Study
results will be disseminated to participating individuals in
a lay format and presented to the scientific community at
paediatric and critical care conferences and published in
relevant peer-reviewed journals.

STRENGTHS AND LIMITATIONS OF THIS STUDY

= In a prospective multicentre trial, healthcare pro-
viders proficient in standard neonatal resuscitation
programme education curriculum and randomised
to directed critical congenital heart disease (CCHD)
readings or CCHD eLearning modules developed by
the study team.

= A set of targeted eLearning modules aimed at de-
livery room (DR) resuscitation of infants with three
specific CCHD lesions: (a) transposition of great ar-
teries with intact ventricular septum with restricted
atrial-level blood flow, (b) hypoplastic left heart syn-
drome and (c) congenital third-degree heart block
will be designed and implemented at all sites.

= The efficacy of these modules will be evaluated us-
ing () individual preknowledge/postknowledge test-
ing and (b) team-based resuscitation simulations.

= The pilot nature of this study and significance may
limit the generalisability of the data, but provides
proof of concept for future prospective analysis.

= Since this trial tested only three cardiac lesions, fu-
ture work is needed to develop eLearning modules
for other critical congenital heart diseases that may
result in cardiopulmonary compromise in the DR.

INTRODUCTION

Background

Congenital heart defects (CHDs) are the most
common type of congenital anomaly, many
of which require resuscitation of affected
infants in the immediate postnatal period.’
Even with early detection and prenatal diag-
nosis, some CHDs still carry high perinatal
morbidity and mortality associated with their
unique and complex transitional pathophysi-
ology.” Optimal delivery room (DR) resuscita-
tion and stabilisation have become even more
critical to long-term health and survival in the
highest-risk CHDs, termed critical congenital
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heart disease (CCHD) in patients that require surgery in
the neonatal period or have congenital arrhythmias.*”
Furthermore, close to 10% of neonates with CHD require
resuscitation at time of birth, with the majority of them
being these with CCHD."

The neonatal resuscitation programme (NRP) spon-
sored by the American Academy of Pediatrics (AAP)
and the American Heart Association (AHA) provides
an evidence-based algorithm for the resuscitation of
neonates in the DR.” NRP principles of ventilation-based
stabilisation, oxygen saturation targets, heart rate assess-
ments are based on newborns with normal cardiac struc-
ture and physiology and may not adequately address the
unique needs of newborns with CHDs. For example, the
focus on resuscitation of a newborn with a structurally
normal heart focuses on the establishment of adequate
ventilation prior to focusing on cardiovascular health.

For newborns with CCHDs and congenital arrhythmias,
focusing initially on oxygen saturation goals may be insuf-
ficient to support haemodynamic stability in the imme-
diate postnatal period. Specifically, age-based oxygen
saturation targets derived from unaffected newborns
may be unachievable and inappropriate for infants with
cyanotic CHDs, potentially leading to excessive use of
oxygen and ventilation. Studies have characterised this
divergence from typical oxygen saturation norms and
have suggested standardised DR management schema
for newborns with CCHD.' "' For infants with congen-
ital arrhythmias such as complete heart block, heart rate
may be an unreliable marker of haemodynamic stability.
Finally, particular CCHD specific interventions (eg, initia-
tion of prostaglandins to maintain ductal patency) may be
needed. Initiation of prostaglandins in the DR for hypo-
plastic left heart syndrome (HLHS) and transposition of
great arteries (TGA) has become standard of care.'?

It can be challenging to prepare for CCHD at risk for
haemodynamic instability at birth. Several risk stratifica-
tion models have been proposed based on the type of
lesion, presence of additional conditions such as hydrops,
and additional findings seen on fetal ultrasound.” '
The AHA Statement on Fetal Cardiac summarised these
models and ranked CCHD from lowest likelihood of insta-
bility to high probability of requiring special consideration
in resuscitation."” Lesions at increased risk for instability
and often need specialised resources and personnel in
the DR, included d-TGA with restrictive/intact foramen
ovale, uncontrolled arrhythmia and HLHS with restricted
foramen ovale.

Importance of development of education modules focused on
CCHD in the DR

Recently, NRP has expanded to include ‘Special Consid-
erations’ to guide the DR resuscitation of popula-
tions with unique needs, including extremely preterm
infants, infants with airway anomalies and infants with
maternal opioid exposures.” However, NRP does not
currently provide guidance for optimal DR resuscita-
tion of neonates with CCHDs or congenital arrhythmias.

Healthcare providers (HCPs) must therefore rely on
personal experience, institutional protocols (if they
exist) or literature reviews to guide their resuscitation of
newborns with CCHDs or arrhythmias, leading to practice
variability which could impact clinical outcomes. Given
the large geographic area of Canada and the USA, some
neonates with CCHD are born outside of tertiary centres
in places with minimal experience of managing CCHD
in the DR. Therefore, there is a need for educational
materials on DR management of CCHDs and congen-
ital arrhythmias to supplement standard NRP guidelines.
Emerging evidence suggests that to effectively incorporate
these considerations into existing neonatal resuscitation
practices, standardised, diagnosis-specific and multidisci-
plinary algorithms and education are required.*'" Ideally,
CHD specific supplemental education should be comple-
mentary to standard NRP, easily accessible, and geared
towards HCPs in different settings.

There also has been a recent shift in resuscitation
education from all in-person classrooms to the electronic
platform, eLearning, combined with in-person practice
skills.'™" eLearning uses diverse electronic modalities
such as simulation, interactive reviews of clinical cases
and self-paced learning to reach a greater audience.'®
Although there has been an increase in using electronics
for medical education, very few eLearning materials focus
on the immediate management of CCHD.

RESEARCH HYPOTHESIS AND STUDY OBJECTIVES

To address the critical gap in immediate DR manage-
ment of certain CCHD, we aim to create easily accessible,
online eLearning modules on CCHD management to
supplement current AAP-NRP and Canadian Pediatric
Society NRP. We hypothesise that eLearning modules
targeted towards neonatal DR resuscitation of infants with
CCHD improves HCP technical performance compared
with directed CCHD readings. Direct CCHD readings are
common journal articles available and described below.
By making eLearning education accessible to providers
across North America, particularly those with limited
exposure to deliveries of neonates with CCHD, these
modules hold the potential to contribute to and enhance
HCP providers’ resuscitation competency. As such, to
assess the efficacy of these modules, we will perform a
multi-centred randomised study comparing neonatal
HCPs exposed to either directed CCHD readings or
CCHD eLearning developed by the study team (with
fetal cardiology content experts), using pre-exposure and
postexposure knowledge testing and postexposure team-
based simulations as metrics.

The primary objective of this study is to design and
implement a set of targeted elLearning modules aimed
at DR resuscitation of infants with three specific CCHD
lesions; (a) transposition of great arteries with intact
ventricular septum (TGA-IVS) with restricted atrial-
level blood flow, (b) HLHS and (c) congenital third-
degree heart block. The secondary objectives are to (a)
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determine the acceptability of eLearning modules to
supplement current education on neonatal resuscitation
with the addition of eLearning modules on resuscitation
of infants with CCHD, (b) compare CCHD specific DR
resuscitation knowledge before and after completion
of standard NRP resuscitation curriculum and either
directed reading or specific CCHD eLearning and (c)
contrast measures of technical and non-technical team
performance in simulated resuscitation of infants with
CCHD after the completion of CCHD eLearning with
team performance after CCHD directed reading.

METHODS AND ANALYSIS

Design, setting and study population

This will be a two-phase, multi-centre prospective study
that will be conducted from 1 January 2023 through 31
December 2023. Phase 1 will be development of CCHD
eLearning modules. Phase 2 will study the effect of CCHD
specific eLearning modules versus directed CCHD read-
ings (figure 1). Target audience and participants will
include NRP-trained HCPs involved in the DR resuscita-
tion of neonates with CCHD, including physicians, paedi-
atric/neonatal trainees, advanced practice providers,

Participant Recruitment and
Informed Consent

\ 4

Experience Survey for Team Assignment

4

Team Assignment and Randomization

. 4

[ 1
[ Participant Completes Demographics / J
{ ]
{ )

Participants completes Knowledge Pretest

/

Participants sent email link to NRP
Refresher Module and CCHD Directed
Reading

4

[ Participants complete NRP Refresher ]

Module and Directed Reading

\

\

Participants sent email link to NRP
Refresher Module and eLearning CCHD
Modules

4

Participants complete NRP Refresher
Module and eLearning CCHD Module

/

&

Participants complete Educational Delivery
Acceptability Survey and Knowledge Post
Test

J

s 4

p
Team Completes 4 Simulation Scenarios
(Standard NRP, HLHS, TGA with IVS,
Congenital Heart Block)

4

Participants complete Post Simulation
Survey including Simulation Realism and
Subjective Workload (NASA- TLX)

A 4

[ Teams Debriefed on all scenarios ]

4

Video recording analyzed by blinded
reviewers using Modified NRP Checklists,
TEAM assessment scores and Time to
critical interventions

Figure 1

Flow diagram of the randomised simulation team testing. CCHD, critical congenital heart defect; HLHS, hypoplastic

left heart syndrome; IVS, intact ventricular septum; NASA-TLX, NASA Task Load Index; Load Index; NRP, neonatal resuscitation

programme; TGA, transposition of great arteries.
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neonatal nurses (registered nurses (RNs), including
those with specialised skill sets such as transport nurses)
and respiratory therapists (RTs).

Recruitment, randomisation and educational interventions
Participants will be recruited from all eligible HCPs from
each site. Each site is a member of the Children’s Hospi-
tals Neonatal Consortium, a multicentre collaborative
of 46 level IV neonatal intensive care units (NICUs) in
Children’s Hospitals in the USA and Canada dedicated to
developing quality and research initiatives across partici-
pating institutions. Participating NICUs have greater than
400 annual admissions or greater than 25 NICU beds,
and greater than 50% outborn infants. Annual deliv-
eries of congenital heart patients at the participating site
ranges from 30 to 100 per year. Each site either has its
own delivery unit or partners with a level III NICU that
delivers high-risk infants.*’

Participation will be voluntary. Informed consent will
be obtained. Prior to randomisation, participants will
complete a prestudy demographic questionnaire to obtain
profession, years of experience, level of experience in the
DR, NRP and paediatric advanced life support training
levels and prior experience with infants with CCHD. This
information will be used to create teams and stratify team
leaders for DR and CCHD experience.

Participants will be organised into simulation teams
of three with a team leader and two team members,
mirroring standard delivery team compositions (eg,
physician/advance practice provider (APP) as leader,
RN/RT as assistors). Strata will be placed in an opaque
envelope, and names will be randomly drawn by an

assistant not involved in the study to randomise partici-
pants to intervention arm. Participants will complete the
knowledge pretest questions (online supplemental file
1) prior to educational arm assignment. According to
their randomly selected team, participants will then be
sent an electronic link to access either CCHD eLearning
or CCHD directed readings 1week ahead of the sched-
uled simulation sessions with instructions for individual
assignment completion. All participants will additionally
receive a short NRP refresher module. Completion of
the learning modules will be tracked via completion of
poststudy survey administered via RedCap with a concur-
rent postintervention knowledge assessment as well as a
survey assessing the acceptability of the educational inter-
vention, targeted CCHD eLearning module or CCHD
directed readings (online supplemental file 2). Within
1week of completion of their assigned education, partici-
pants will complete standardised DR simulations.

Phase 1: development of educational modules and clinical
scenarios — eLearning modules

Four eLearning modules will be developed to address
the resuscitation of CCHD in the DR. The topics covered
will include the review of fetal to neonatal transition
and introduction to CCHD, and three specific cardiac
diseases (TGA-IVS, HLHS and third-degree heart block).
These three cardiovascular complications were chosen
because they each confer increased risk for haemody-
namic instability in the immediate postnatal period and
require lesion-specific DR knowledge or interventions to
address unique cardiovascular pathophysiology (table 1).
eLearning modules will be succinct and high-yield to

Table 1 Planned critical congenital heart defect delivery room management learning modules
Module Learning objectives
Fetal to neonatal circulation » Understand fetal and neonatal circulation
transition » Describe the changes in neonatal circulation at time of birth
» Outline normal newborn circulation
Arrhythmias » Describe common arrhythmias presenting in immediate newborn period
» Describe complications of fetal arrhythmia in utero
» Understand the criteria for haemodynamic significant arrhythmias
» Outline the steps in management of congenital third degree heart block in delivery room
HLHS » Understand single ventricle physiology and lesions
(single ventricle) » Describe the importance of atrial level shunt and ductus arteriosus in postnatal

management of single ventricle

v

v

Understand the modification in targeted oxygen saturation goals in delivery room for
patients with single ventricles
Understand the role of prostaglandin and common side effects

Transposition of great arteries » Understanding the physiology of TGA in fetal and neonatal circulation
» Recognise the importance of unrestricted atrial septum and patent ductus arteriosus for

fetal to neonatal transition

» Understand the criteria for haemodynamic compromise

» Outline the delivery room management of TGA with restrictive atrial septum, including
recognition of the need for emergent referral to balloon atrial septostomy (BAS) services if
unstable or unresponsive cyanosis

HLHS, hypoplastic left heart syndrome; TGA, transposition of great arteries.
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address adult learning needs, focusing on clinically rele-
vant lesion-specific information pertinent to immediate
DR management and to outline suggested cardiac lesion-
specific modifications to NRP algorithms. Lesion-specific
adaptations to NRP include elements as (a) modified
CCHD specific oxygen saturation targets and consider-
ations for administration of supplemental oxygen, (b)
need to maintain ductal-dependent circulation with initi-
ation of prostaglandin infusion with requisite monitoring
for drug side effects (eg, apnoea), (c) clinical haemo-
dynamic assessment for haemodynamic instability and
cardiogenic shock requiring emergent consideration for
balloon atrial septostomy (BAS) and (d) additional clin-
ical assessment for haemodynamic instability requiring
initiation of heart rate control (eg, congenital third
degree heart block) (table 1).

Each module will be designed to take approximately
15 min to complete and follows a similar format including:
(a) overview of the specific CCHD, (b) DR prebrief ques-
tions to review, (c) prenatal findings to evaluate risk for
immediate postnatal haemodynamic instability, (d) when
to consider the particular CCHD without any prenatal
diagnosis, (e) the clinical presentation, (f) management
steps in the DR and (g) contingency or integration of
potential known adaptions to the NRP algorithm to
consider. An additional 5-10min is allotted for reflection
or review for each online module; therefore, the total time
anticipated for the eLearning experience is 1.5-2hours.
Modules will first be piloted for content and usability by
one site (Boston Children’s Hospital). Pilot feedback will
be evaluated and incorporated into eLearning modules
prior to finalising eLearning modules for the study.

Directed CCHD reading
For the comparison education intervention, the research
team reviewed and selected three articles by consensus
to be distributed for use as directed CCHD literature.*®”
These articles contain the information to be taughtin the
eLearning modules relevant to resuscitation of neonates
with CCHD but require the reader to independently
dissect out information relevant for DR management
and individual/team roles. It will take a minimum of
1.5-2hours for an HCP to read and reflect on the selected
literature as it does to complete the eLearning modules,
keeping time equivalence as a controlled variable. These
articles are easily identified in a literature search using
search words “delivery” and “congenital heart disease” or
“transposition of the great arteries” and “neonate” and
“arrhythmias” using Medline or PubMed search engines;
thus, they may be used by clinicians as reference sources
in preparation for a CCHD delivery, serving as a good
comparator. The references will be shared with each
participant if they are randomised to the directed CCHD
readings.

Phase 2: evaluation of education interventions
The eLearning modules will be evaluated in a randomised
study using a combination of (a) individual HCP

pre-exposure and postexposure knowledge testing and
(b) team-based postexposure simulation testing. Educa-
tional methodology acceptability will also be measured
and compared. This will enable us to compare the
eLearning modules with directed readings on different
levels of Kirkpatrick’s schematic.*

Design and pilot-testing of CHD simulation scenarios

Three clinical simulations will be designed to test the
specific CCHD educational modules’ ability to instruct
HCPs to integrate CCHD specific steps into the DR
management. One additional standard NRP (non-
cardiac) scenario will be designed to test standard resus-
citation performance for both groups. All simulations will
be scripted with standardised stems, starting and tran-
sitional phases as well as standardised cues or prompts.
Standardised checklists of actions and time-based events
will be designed in concert with the simulation scenarios
to permit reviewers to compare errors and time to inter-
ventions from video recordings of the simulations. Simu-
lation scenarios and checklists will then undergo pilot
testing using HCPs notinvolved in the study design and not
recruited as participants for usability and reproducibility.

Study setting

The study will be performed at 10 sites affiliated with level
III NICUs in Canada and the USA. Simulations will be
conducted in situ at each site using high-fidelity simula-
tion equipment and video recording. Video equipment,
simulation fidelity and access to resuscitation equip-
ment will be standardised across sites prior to testing.
Each recruiting site and team will describe their hospi-
tal’s experience and volume of CCHD deliveries. Team
members will fill in a demographic survey to facilitate
team assembly and randomisation.

Recruitment and study procedures

Inclusion criteria for eligibility to participate include
HCPs who have completed NRP training within the last
2years and routinely attend deliveries, including physi-
cians (neonatologists, paediatricians, paediatric hospi-
talists, neonatal-perinatal medicine subspecialty fellows,
paediatric residents), APPs, RNs (including those with
specialised skill sets such as transport nurses) and RTs.
Both HCPs with and without extensive DR experience with
resuscitation of neonates with CCHD will be included. A
minimum sample size of 36 teams will be used with a goal
of 60 teams. Power analysis is outlined below. A minimum
of two teams will be recruited from each participating site.
Using teams of three, we anticipate recruiting 180 indi-
vidual HCPs. HCPs who have participated in the initial
development and evaluation phase of the elLearning
modules will also be excluded.
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OUTCOME MEASURES

Primary endpoint

The primary outcome of the study is composite total
errors, measured by checklist scores for all three cardiac
scenarios. The checklists scores are available in online
supplemental file 3.

Secondary endpoints
1. Individual HCP preintervention versus postinterven-
tion comparison:
a. Pre-educational and posteducational intervention
assessment of CCHD DR management knowledge.
2. Individual HCP perception of educational interven-
tions.
a. Education intervention acceptability survey.
b. Survey for user accessibility.
3. Postintervention team-based simulation performance.
a. Errors for each scenario as measured by specific
scenario-based performance checklists.
b. Total CCHD scenario specific errors for all CCHD
scenarios.
c. General NRP scenario errors for all CCHD scenar-
ios.
d. Errors in standard NRP scenario on abruption.
e. Time to predefined, time-critical interventions
based on the scenario:

i. Standard NRP scenario (abruption): time
to start positive pressure ventilation (PPV)
for complete apnoea, time to chest compres-
sions for heart rate <60 bpm after establishing
adequate ventilation, time to delivery of
volume.

ii. HLHS scenario: time to start PPV for complete
apnoea secondary to prostaglandin.

iii. TGA-IVS scenario: time to activation of addi-
tional specific cardiac resources (eg, call for
transport to site for BAS assessment or acti-
vate cardiology team for BAS) as progressing
through NRP algorithm without ability to
improve patient’s oxygenation.

iv. Third degree congenital heart block scenario:
time to start additional intervention to increase
heart rate after determining (or being cued
aboutstandardised to scenario) cardiovascular
instability.

f. Teamwork metrics

i. Composite TEAM assessment score of all three
CCHD scenarios in online supplemental file 4.

ii. TEAM assessment score for each scenario.

g. Composite NASA-Task Load Index (NASA-TLX) for
simulation session for: (i) team leader, (ii) assistants
and (iii) team total.

Simulations

All teams will complete four simulations, representing (a)
standardised NRP DR NRP scenario, (b) HLHS requiring
modification of targeted saturations and intervention for
apnoea secondary to prostaglandin, (c) TGA-IVS with

restrictive atrial septum requiring stabilisation and recog-
nition of the need for BAS, (d) congenital heart block
with signs of cardiovascular instability. The standard NRP
scenario will serve as an orientation simulation for the
team, orientation to the simulation environment, and as
a standard assessment of NRP performance.

Due to the complexities of the scenarios, participant
teams will be assisted by one standardised ‘confederate’,
who will be available to perform additional procedures as
needed (eg, obtaining intravenous access, call for addi-
tional resources, etc). For each scenario, confederates
will also ask additional, predetermined questions that
are aimed at (a) probing the team’s understanding of
the CCHD specific NRP adaptations (eg, asking to aim
for normal NRP saturation goals in the resuscitation of a
patient with HLHS or TGA-IVS, asking to jump to chest
compressions when the heart rate is less than 60 bpm in
congenital third degree heart block) or (b) providing
time determined prompts if a critical step is yet to be
done and required for a time determined variable (ie,
start prostaglandin for HLHS to allow for assessment of
team recognition and response to apnoea). Confederates
would otherwise not provide any additional information
or guidance outside of their assigned tasks.

After completing all four simulations, HCPs will
complete a survey to assess the realism of the simulations
and inquire about their subjective workload (NASA-TLX).
Finally, teams will be debriefed by simulation facilitators
using a plus-delta model. Debriefing of all scenarios will
be conducted at the end of the entire simulation session
to avoid contaminating simulation performance.

Simulation performance evaluation and analysis
Once simulations have been completed, videos will be
assessed by two independent raters blinded to interven-
tion group and who did not facilitate or participate in
the simulations. This will determine: (a) CCHD specific
and general NRP errors, (b) time to predetermined time
critical interventions and (c) teamwork assessment using
TEAM score. Both CCHD and general NRP errors will be
predetermined, with assessments standardised using an
NRP checklist modified for each simulation scenario.
For each scenario, time to prespecified critical interven-
tions, defined by time from predetermined ‘time zero’ to
predetermined medical intervention, will be measured.
As an example, the time to start PPV for prostaglandin
induced apnoea is measured from a time zero of respira-
tory rate=0 on manikin to when first PPV breath is given by
a team member. TEAM assessment will be done for each
scenario using the TEAM checklist. Prior to reviewing the
videos, raters will be standardised for the modified NRP
checklists, TEAM assessment, and predetermined time to
critical interventions. The raters will independently score
previously recorded scenarios (not related to the study)
demonstrating below average, average and above average
team performance and then debrief until good inter-
rater reliability is achieved.
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STATISTICAL METHODS

Sample size calculations

Previously published observational and simulation studies
using mega-code checklists to evaluate performance
demonstrated mean scores of 80%—-90%, with SD ranging
from 5% to 15%. Approximating a mean checklist score
0f 90%, with an SD of 7.5%, a sample size of 36 teams will
detect a 5% difference in checklist scores with a power
of 0.8 and an alpha of 0.05. Given the complexity of the
scenarios, approximating a lower mean checklist score of
80%, with an SD of 15%, a sample size of 36 teams will
detect a 10% difference with a power of 0.8 and an alpha
of 0.05.

Analysis

The data will be presented as mean (SD) for normally
distributed continuous variables and median (IQR) when
the distribution is skewed. Comparisons between the two
groups will be performed using Student’s t-test for para-
metric data and Mann-Whitney U for non-parametric
data. Correlations will be performed using Pearson’s
correlation coefficient for parametric data and Spear-
man’s rank correlation coefficient for non-parametric
data. Statistical analysis will be performed using SPSS V.29
(IBM Corp., Armonk, USA).

Data management

Participant demographics will be collected in a stan-
dardised format (data collection forms approved by
the research ethics boards at all participating sites) and
stored in a password protected electronic file on a secure
server at the data coordinating centre. For the purpose
of confidentiality, the data are entered using the partic-
ipant’s study number. All identifying information will
be removed prior to data analysis. A separate log will be
maintained linking the study number to the HCP identi-
fying information. Only the study coordinator at each site
has access to this file.

Patient and public involvement

A range of stakeholders and partners have been actively
involved in the design and conduct of this observational
study including HCPs in participating NICUs, paedi-
atric cardiologists, members of the fetal heart society,
RTs and neonatal nurses. Their input was sought during
protocol design regarding the selection of the eModules
most suitable for clinical translation and their poten-
tial for enhancing overall education. All stakeholders
and partners are updated at regular intervals about the
study’s progress to identify facilitators and barriers to
study conduct and knowledge translation. Following
study completion, we plan to discuss future directions,
including a multi-centre clinical trial based on study find-
ings, in consultation with neonatologists, paediatricians,
cardiologists, healthcare practitioners and parentled
community groups.

Ethics approval and informed consent
This study was approved for the coordinating site (Univer-
sity of Texas Southwestern) by the Research Ethics Board

at University of Texas Southwestern on DATE (IRB# STU
2021-0457). Documented approval was obtained from the
Research Ethics Board/Institutional Review Board for all
participating centres prior to participant enrolment at
that centre. Once all questions are answered and partic-
ipants confirm their understanding of study procedures,
participants are invited to provide voluntary written
informed consent.

Dissemination of results

All coauthors will facilitate knowledge dissemination
among key stakeholders including neonatologists, cardi-
ologists and clinician-investigators, providing the network
necessary to support future multi-centre randomised clin-
ical trials. As done previously, we will work with national
child health advocacy organisations, using our research
findings to drive evidence-informed changes in clinical
practice. The results of this study will also be dissemi-
nated in a lay format and communicated to a wider scien-
tific and healthcare community through end of study
meetings, presentations at national and international
paediatric and critical care conferences, and high-impact
peerreviewed publications. Information regarding the
use of specific eModule to enhance education in the DR
will be shared with clinicians across various disciplines
including neonatologists, cardiologists, trainees, develop-
mental paediatricians and other community-based HCP.
Study results are also intended to be shared with AHA
and AAP. Finally, these findings will be communicated to
policy makers to identify priority areas of care, to reduce
burden on families and to reduce costs to the healthcare
system by organising tailored follow-up services for these
neonates.

Anticipated limitations

Use of amulti-centred design will help increase the pool of
potential participants allowing recruitment from smaller
centres. To account for different levels of individual and
institutional experience with CCHD, we aim to recruit at
least two teams per site, attempt to match team leader
experience within sites during stratified randomisation,
as well as the frequency of these types of deliveries for
each institution. There are variations in institutional prac-
tices and access to resources (eg, perform BAS vs transfer
to hospital with these capabilities). To account for this,
simulations and assessment checklists will be developed
with inborn and out born centre neonatologist input.
Finally, only short-term HCP performance and accep-
tance of the educational intervention will be assessed due
to funding and logistics constraints to assessment of long-
term retention.

Future directions and relevance

Future directions could include a repeat of the simula-
tions at 3 and/or 6 months to assess for retention. Addi-
tional educational resources that explore CCHD and
prematurity interactions could be provided. While infants
are often managed after the DR resuscitation in centres
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with cardiac expertise, deliveries occur across many sites
with different levels of CCHD experiences and different
NRP educational infrastructures and resources. Online
eLearning modules specific to DR management of infants
with CCHD will provide a readily accessible educational
resource for practitioners of all disciplines and experi-
ence, including the many peripheral sites that deliver
babies with undiagnosed CCHD. Simulation testing
will not only validate these educational modules, but
also provide insight into the types of errors committed
by HCPs in the DR resuscitation of infants with CCHD,
helping to focus future educational initiatives. Finally,
we also plan to develop additional eLearning modules
targeted at additional congenital heart lesions that HCP
face in the DR (eg, Ebstein’s, Coaction of the aorta,
Tetralogy of Fallot with absent pulmonary valve, etc).
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Pre&Post survey questions

Please complete the survey below.

Thank you!

Page 1

Study site

Date of simulation

Team number

Please indicate if this is your pre simulation or post
simulation test?

QO Pre simulation
O Post simulation

What is your profession?

O RN
ORT
O APP

O NICU fellow
O Neonatologist
QO Other

All of the following represent critical steps in
perinatal transitional physiology EXCEPT

QO Fetal lung fluid clearance

O Lung expansion

QO Increased pulmonary vascular resistance (PVR)
O Increased systemic vascular resistance (SVR)
O Fetal shunt closure

Which of the following are important "prebrief"
questions to review with the team for prenatally
diagnosed congenital heart defect delivery:

[ Is this heart lesion expected to cause problems
with 1) oxygenation 2) perfusion 3) both

[ Is this heart lesion expected to cause immediate
problems in the delivery room?

[] What are the adjusted preductal saturation range
goals at 10 minutes of life and beyond?

[ Does this heart lesion have any special
considerations around the use of supplemental
oxygen?

[] What additional factors may affect baby's ability
to successfully transition?

[JCandD

[J All of the above

[ None of the above

Which of the following heart lesion(s)/rhythms maybe
(can be) associated with hydrops:

11/06/2022 2:35pm

(O Unobstructed total anomalous pulmonary venous
return (TAPVR)

O 3rd degree heart block with heart failure

O Supraventricular tachycardia (SVT) without heart
failure

QO Transposition of the great arteries (TGA) with
unrestricted atrial septum and ventricular septal
defect (VSD)

O All of the above
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9) Which of the following congenital heart lesions are
known to be associated with elevated pulmonary
pressures and impaired fetal-neonatal transition:

QO Transposition of the great arteries with intact
ventricular septum

O Tetralogy of Fallot with mild pulmonary stenosis

O Obstructed total anomalous pulmonary venous return

QO Critical aortic stenosis causing left ventricular
outflow tract obstruction

O Large perimembranous ventricular septal defect

O All of the above

O A, B, and C only

OA, C,and D only

O None of the above

10) Which is true regarding oxygen use in managing
critical congenital heart disease in the delivery
room?

QO Always start with Fi0O2 0.21 when providing
supplemental oxygen.

O Never increase FiO2 because oxygen can be harmful.

QO If the oxygen saturation is below target level,
increase the FiO2 to the lowest amount needed to
achieve goal oxygenation.

QO If the oxygen saturation is well above target
level, do not wean the FiO2 in case the oxygen
levels drop.

11) You are attending the delivery of a fetus known to
have intermittent tachycardia in utero, suspected to
be supraventricular tachycardia (SVT). The baby is
delivered and is vigorous and crying, with adequate
perfusion. However, EKG leads detect a heart rate of
230bpm without variability and no p waves. Ice to the
face is applied without effect. As the arrhythmia
continues, the baby becomes unstable, with poor
perfusion. What is the next step in management of
hemodynamically unstable SVT:

O Adenosine 0.1mg/kg IV

O Continue to perform vagal maneuvers
QO Cardioversion 0.5)/kg

O Defibrillation 1J/kg

12) In the DR, determination of hemodynamic
stability/instability related to arrhythmias can be
achieved by assessment of each of the following
EXCEPT:

O Peripheral pulses
O Capillary refill

O Heart rate

O Tone

13) A neonate with known fetal tachyarrhythmia
demonstrates a sustained heart rate of 280 following
birth. Which of the following dysrhythmia etiologies
is LEAST likely to respond to Adenosine?

QO Supraventricular tachycardia (SVT)

O Ectopic atrial tachycardia (EAT)

O Atrioventricular Reentrant Tachycardia (AVRT)
QO Atrial Flutter

14) . You are attending the delivery for a fetus known to
have third degree heart block in utero. In addition to
the standard NRP supplies, your team should bring all
of the additional supplies EXCEPT:

QO defibrillator

QO isoproterenol

O pads capable of pacing
O dexamethasone

O BP cuff

15) The baby in the above question with concern for
congenital heart block has been born. The baby has
been dried and stimulated but remains apneic at 60
seconds of life with a heart rate of 55 bpm. What is
the most appropriate intervention at this time?

11/06/2022 2:35pm

O this baby should be intubated

O this baby should receive positive pressure
ventilation

QO this baby should receive chest compressions

O this baby should be transcutaneously paced

O this baby should have an emergency umbilical
venous catheter placed

projectredcap.org ’hEDcapﬂ
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16) After performing the intervention you selected above,
the infant no longer as apnea, has adequate
oxygenation and perfusion, but the heart rate remains
55bpm. What is the most appropriate intervention at
this time?

O Perform chest compressions

O Administer epinephrine

O Transfer to the neonatal intensive care unit
QO Deliver a shock from the defibrillator

O Administer isoproterenol

17) The presence of which feature(s) in a heart with
single ventricle physiology may lead to hemodynamic
instability in the delivery room?

O Restricted ductus arteriosus
O Open ductus arteriosus

O Restricted atrial septum

O Open atrial septum
OAandC

OBandD

OAandD

OBandC

OCandD

18) To ensure adequate mixing for neonates with a single
ventricle cardiac defect, what should the expected
preductal saturations at 10 minutes of life be?

O Preductal saturation lower than postductal
saturation

O Preductal saturation > 95%

QO Preductal saturation > 90%

O Preductal saturation 75-85%

19) A baby with known hypoplastic left heart syndrome
(HLHS) is noted to have preductal saturations of 63%
approaching 10 minutes of life despite initial
resuscitation with suctioning and stimulation. All of
the following interventions should be considered
EXCEPT:

QO Prostaglandin to optimize mixing

(O CPAP/advanced respiratory support

O Continued delivery of Fi02 0.21 to avoid rapid
decrease in pulmonary vascular resistance

O Judicious Fi02 supplementation to achieve
saturation targets for single ventricle physiology

O Replacement of pulse oximeter if inadequate
waveform

20) Which of the following DOES NOT represent a fetal risk
factor for severe perinatal cyanosis/clinical
instability in transposition of the great arteries
(TGA)?

QO ventricular septal defect (VSD)

QO intact ventricular septum

QO restrictive flow across patent foramen ovale (PFO)
or atrial septal defect

QO D. restrictive flow across patent ductus
arteriosus (PDA)

21) In anticipation of a delivery of a baby with
prenatally diagnosed TGA with restrictive atrial
septum, all of the following should be available
EXCEPT:

QO Supplies for intubation

O Supplies for umbilical catheterization

QO Prostaglandin

(O Adenosine

QO Cardiology consultation

QO All of the above should be available for the
delivery

22) A patient with TGA continues to be hypoxic (oxygen
saturation less than target of 75-85%) despite routine
NRP interventions and oxygen in the delivery room. You
suspect that the patient may need a balloon atrial
septostomy to provide adequate mixing. You have
already called Cardiology for consultation. While
awaiting this intervention, potential next steps in
the DR include all of the following EXCEPT:

11/06/2022 2:35pm

O Place an emergency umbilical venous catheter
QO Start an epinephrine continuous infusion

O Administer volume boluses

QO Start prostaglandin

QO Perform intubation

(O Consider sedation to decrease metabolic demand
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23) Undiagnosed congenital heart lesions should be O Unable to achieve Sp0z2 in the target range despite
considered in all the following scenarios EXCEPT: corrective ventilation steps
(O Neonate with improvement in saturations only with
crying

QO Infant of a diabetic mother with murmur and poor
perfusion in the delivery room

O Neonate with 10-point differential in oxygen
saturation and blood pressures between upper and
lower extremities

11/06/2022 2:35pm projectredcap.org &EDcap"
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Participant post survey (on simulation)
Please complete the survey below.
Thank you!
Team number
Study site
For NRP abruption scenario, please rate the statement O 1. Strongly disagree
below from 1 to 5, where 1 is strongly disagree, and 5 O 2. Disagree
is strongly agree: O 3. Neutral

O 4. Agree
The team composition reflective of my usual practice (O 5. Strongly agree
For NRP abruption scenario, please rate the statement O 1. Strongly disagree
below from 1 to 5, where 1 is strongly disagree, and 5 O 2. Disagree
is strongly agree: O 3. Neutral

O 4. Agree
The clinical scenario was realistic QO 5. Strongly agree
For NRP abruption scenario, please rate the statement O 1. Strongly disagree
below from 1 to 5, where 1 is strongly disagree, and 5 O 2. Disagree
is strongly agree: O 3. Neutral

O 4. Agree
The equipment used during simulation did not impede O 5. Strongly agree
our progress
For NRP abruption scenario, please rate the statement O 1. Strongly disagree
below from 1 to 5, where 1 is strongly disagree, and 5 O 2. Disagree
is strongly agree: O 3. Neutral

O 4. Agree
| found debriefing after each scenario to be helpful O 5. Strongly agree
For hypoplastic left heart scenario, please rate the O 1. Strongly disagree
statement below from 1 to 5, where 1 is strongly O 2. Disagree
disagree, and 5 is strongly agree: O 3. Neutral

O 4. Agree
The team composition reflective of my usual practice O 5. Strongly agree
For the transposition of great arteries with intact O 1. Strongly disagree
septum scenario, please rate the statement below from O 2. Disagree
1to 5, where 1 is strongly disagree, and 5 is O 3. Neutral
strongly agree: O 4. Agree

QO 5. Strongly agree
The team composition reflective of my usual practice
For the transposition of great arteries with intact O 1. Strongly disagree
septum scenario, please rate the statement below from O 2. Disagree
1to 5, where 1 is strongly disagree, and 5 is O 3. Neutral
strongly agree: O 4. Agree

QO 5. Strongly agree
The clinical scenario was realistic
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10) For the transposition of great arteries with intact O 1. Strongly disagree
septum scenario, please rate the statement below from O 2. Disagree
1to 5, where 1 is strongly disagree, and 5 is QO 3. Neutral
strongly agree: O 4. Agree
QO 5. Strongly agree
The equipment used during simulation did not impede
our progress
11) For the transposition of great arteries with intact O 1. Strongly disagree
septum scenario, please rate the statement below from O 2. Disagree
1to 5, where 1 is strongly disagree, and 5 is O 3. Neutral
strongly agree: O 4. Agree
O 5. Strongly agree
| found debriefing after each scenario to be helpful
12) For the congenital heart block scenario, please rate O 1. Strongly disagree
the statement below from 1 to 5, where 1 is strongly O 2. Disagree
disagree, and 5 is strongly agree: QO 3. Neutral
O 4. Agree
The team composition reflective of my usual practice QO 5. Strongly agree
13) For the congenital heart block scenario, please rate O 1. Strongly disagree
the statement below from 1 to 5, where 1 is strongly O 2. Disagree
disagree, and 5 is strongly agree: O 3. Neutral
O 4. Agree
The clinical scenario was realistic O 5. Strongly agree
14) For the congenital heart block scenario, please rate O 1. Strongly disagree
the statement below from 1 to 5, where 1 is strongly O 2. Disagree
disagree, and 5 is strongly agree: QO 3. Neutral
O 4. Agree
The equipment used during simulation did not impede O 5. Strongly agree
our progress
15) For the congenital heart block scenario, please rate O 1. Strongly disagree
the statement below from 1 to 5, where 1 is strongly O 2. Disagree
disagree, and 5 is strongly agree: QO 3. Neutral
O 4. Agree
| found debriefing after each scenario to be helpful QO 5. Strongly agree
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Abruption NRP adherence
Record ID
Team number
Reviewer
Scoring:
O0=not done
1=done incorrectly or out of order
2=done correctly in order
Key scores have *
PREPARATION
Asked 4 pre-birth questions (expected GA, fluid clear, Oo
umbilical cord management and other risk factors) O1
02
Assigns roles Oo0
O1
02
Check equipment to provide warmth, suction, Oo
ventilation and target oxygenation O1
02
Initial Steps
Asks 3 assessment questions (Term, Tone, Breathing or 0o
Crying) while awaiting cord clamping O1
02
Positions head and clears airway 0o
O1
02
Dries, stimulates, and repositions head 0o
O1
02
Assesses respirations, heart rate and perfusion 0o
O1
02
*Heart rate check for NRP Oo
O1
02
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*Initiates monitoring (pulse ox and EKG)

00O

Mask Ventilation and Corrective Steps Part 1 (Initial
stabilization)

*Indicates need for and initiates positive pressure
ventilation

N = O

*Checks for rising heart rate after 15 seconds of PPV

N = O

*Corrective Action 1: Mask readjusted and airway
repositioned (MR)

N = O

*Corrective Action 2: Suction and open mouth (SO)

*Corrective Action 3: Increased ventilation pressures

N = O

*Provides 30 seconds of effective PPV

N = O

*Assesses SpO2 per age related targets and adjusts
oxygen as required

OO0 | OO0 | OOO | OOO| OO0 | OO0 | OOO

N = O

Mask Ventilation and Corrective Steps Part 2
(Deterioration/non-stabilization)

*Corrective Action 4: Intubation with correct size ETT oo
O1
02
Assessment of ETT placement (EtCO2 or colorimeter, 0o
misting, air entry, improvement in heart rate / Sp02) O1
02
*Assesses SpO2 per age related targets Oo
O1
02
*Reassess heart rate with PPV via ETT 0o
O1
02
Circulation
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*|nitiates chest compressions Oo
O1
02
*Reassesses heart rate OO0
O1
02
*Place umbilical lines 0o
O1
02
*Administer epinephrine Oo
O1
02
*Reassess heart rate after epinephrine oo
O1
02
*Administer normal saline bolus oo
O1
02
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3)

4)

5)

6)

7)

10)

11)

Heart block NRP adherence

Please complete the survey below.

Thank you!

Page 1

Team number

Site

Reviewer

Scoring:

O0=not done

1=done incorrectly or out of order
2=done correctly in order

Key scores have *

PREPARATION

Asked 4 pre-birth questions (expected GA, fluid clear,
umbilical cord management and other risk factors)

N = O

CHD specific pre-birth questions:

is this heart lesions expected to cause problems with
(oxygenation, perfusion or both)

Is this heart lesion expected to cause immediate
problems in the delivery room?

What are the adjusted preductal saturation range goals
@10 minutes of life and beyond?

Does this heart lesion have any special considerations
around the use of supplemental oxygen?

What additional factors may affect baby's ability to
successfully transition?

OO0 | OO0

NE—=O

* Discusses plan specific to heart block - tolerated
lower heart rate with hemodynamic stability, threshold
for interventions (meds, pacing, cardiac

consultations)

OO0

Assigns roles

N = O

Check equipment to provide warmth, suction,
ventilation and target oxygenation

OO0 | 00O

N = O

Initial Steps
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12) Asks 3 assessment questions (Term, Tone, Breathing or 0o
Crying) while awaiting cord clamping O1
02
13) Positions head and clears airway Oo
O1
02
14) Dries, stimulates, and repositions head 0o
O1
02
15) Assesses respirations, heart rate and perfusion Oo
O1
02
16) *Perfusion check for cardiac module team Heartrate OO0
check for NRP only module team O1
02
17) *Initiates monitoring (pulse ox and EKG) oo
O1
02

18) Cardiac assessment
19) *Indicate change in hemodynamics (increasing oo
respiratory distress, delayed capillary refill, poor O1
pulses, hypotension) 02
20) Order EKG 0o
O1
02
21) *consult cardiology Oo
O1
02
22) *Identify need for IV access 0o
O1
02
23) Place umbilical lines Oo
O1
02
24) *Initiate isoproterenol 0.05-0.2mcg/kg/min or epi Oo
based on hospital protocol O1
*AND/OR Initiate external pacing based on hospital 02

25)

protocol

Mask Ventilation and Corrective Steps Part 1 (Initial
stabilization)
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26) *Indicates need for and initiates positive pressure

27)

28)

29)

30)

31)

32)

33)

34)

35)

36)

37)

38)

39)

40)

ventilation

N = O

*Checks for rising heart rate after 15 seconds of PPV

N = O

*Corrective Action 1: Mask readjusted and airway
repositioned (MR)

N = O

*Corrective Action 2: Suction and open mouth (SO)

*Corrective Action 3: Increased ventilation pressures

N = O

*Provides 30 seconds of effective PPV

N = O

*Assesses SpO2 per age related targets and adjusts
oxygen as required

OO0 | OO0 | OOO| OOO| OO0 | OO0 | OOO

Mask Ventilation and Corrective Steps Part 2
(Deterioration/non-stabilization)

*Corrective Action 4: Intubation with correct size ETT Oo
O1
02
Assessment of ETT placement (EtCO2 or colorimeter, 0o
misting, air entry, improvement in heart rate / Sp02) O1
02
*Assesses Sp0O2 per age related targets 0o
O1
02
Post resuscitation
*Reassess heart rate with PPV via ETT oo
O1
02
*Reassesses heart rate and perfusion after initiation oo
of isoproterenol, epi or pacing O1
02
*Assesses Sp02 per age related targets and weans 0o
oxygen accordingly O1
02
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41) *Continues PPV via ETT 0o
O1
02
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TGA NRP adherence

Facilitator forms
Page 1

Record ID

Team number

Reviewer

Scoring:

O0=not done

1=done incorrectly or out of order
2=done correctly in order

Key scores have *

PREPARATION

Asked 4 pre-birth questions (expected GA, fluid clear,
umbilical cord management and other risk factors)

N = O

CHD specific pre-birth questions:

is this heart lesions expected to cause problems with
(oxygenation, perfusion or both)

Is this heart lesion expected to cause immediate
problems in the delivery room?

What are the adjusted preductal saturation range goals
@10 minutes of life and beyond?

Does this heart lesion have any special considerations
around the use of supplemental oxygen?

What additional factors may affect baby's ability to
successfully transition?

OO0 | 00O

N = O

* Discusses plan specific to TGA-ASD restricted or
not, ductal dependence (emergent IV access, PGE and
balloon septostomy)

N = O

* Consult cardiology

N = O

Assigns roles

N = O

Check equipment to provide warmth, suction,
ventilation and target oxygenation

OO0 | OO0 | OO0 | OO0

Initial Steps
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Asks 3 assessment questions (Term, Tone, Breathing or Oo
Crying) while awaiting cord clamping O1
02
Positions head and clears airway 0o
O1
02
Dries, stimulates, and repositions head 0o
O1
02
Assesses respirations and hypoxia with placement of Oo
CPAP O1
02
*Heart rate check (apply chest leads) OO0
O1
02
*|nitiates monitoring (pre and post ductal pulse ox) oo
for cardiac module O1
02
Cardiac assessment
*Indicate change in hemodynamics (increasing oo
respiratory distress, delayed capillary refill, poor O1
pulses, hypotension) 02
Mask Ventilation and Corrective Steps Part 1 (Initial
stabilization)
*Indicates need for and initiates positive pressure Oo
ventilation o1
02
*Checks for rising heart rate after 15 seconds of PPV 0o
O1
02
*Corrective Action 1: Mask readjusted and airway 0o
repositioned (MR) O1
02
*Corrective Action 2: Suction and open mouth (SO) oo
O1
02
*Corrective Action 3: Increased ventilation pressures 0o
O1
02
*Provides 30 seconds of effective PPV 0o
O1
02
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*Assesses SpO2 per age related targets and adjusts Oo
oxygen as required O1
02
Mask Ventilation and Corrective Steps Part 2
(Deterioration/non-stabilization)
*Corrective Action 4: Intubation with correct size ETT Oo
O1
02
Assessment of ETT placement (EtCO2 or colorimeter, Oo
misting, air entry, improvement in heart rate / Sp02) O1
02
*Assesses Sp02 per age related targets Oo
O1
02
Cardiac assessment 2
*place umbilical lines Oo
O1
02
*Initiate PGE 0.01mcg/kg/min Oo0
O1
02
*ECHO Oo
O1
02
*|f ASD restricted - possible balloon atrial Oo
septostomy O1
02
Post resuscitation
*Reassess heart rate with PPV via ETT 0o
O1
02
*Reassesses heart rate and perfusion after initiation Oo
of isoproterenol or pacing O1
02
*Assesses Sp0O2 per age related targets and weans 0o
oxygen accordingly O1
02
*Continues PPV via ETT oo
O1
02
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3)

4)

5)

6)

8)

10)

11)

12)

HLHS NRP Adherence

Please complete the survey below.

Thank you!

Page 1

Record ID

Team number

Site

Reviewer

Scoring:

O0=not done

1=done incorrectly or out of order
2=done correctly in order

Key scores have *

PREPARATION

Asked 4 pre-birth questions (expected GA, fluid clear,
umbilical cord management and other risk factors)

N = O

CHD specific pre-birth questions:

is this heart lesions expected to cause problems with
(oxygenation, perfusion or both)

Is this heart lesion expected to cause immediate
problems in the delivery room?

What are the adjusted preductal saturation range goals
@10 minutes of life and beyond?

Does this heart lesion have any special considerations
around the use of supplemental oxygen?

What additional factors may affect baby's ability to
successfully transition?

OO0 | OO0

* Discusses plan to insert PIV and start PGE given the
restricted PDA

N = O

Assigns roles

Check equipment to provide warmth, suction,
ventilation and target oxygenation

OO0 | OO0 | OOO

N E—=O

Initial Steps
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13) Asks 3 assessment questions (Term, Tone, Breathing or 0o
Crying) while awaiting cord clamping O1
02
14) Positions head and clears airway Oo
O1
02
15) Dries, stimulates, and repositions head 0o
O1
02
16) Assesses respirations, heart rate and perfusion Oo
O1
02
17) *Perfusion check for cardiac module team Heartrate OO0
check for NRP only module team O1
02
18) *Initiates monitoring (pulse ox and EKG) oo
O1
02
19) Cardiac assessment
20) *Indicate change in hemodynamics (increasing oo
respiratory distress, delayed capillary refill, poor O1
pulses, hypotension) 02
21) *Identify need for IV access oo
O1
02
22) *Initiate prostaglandins 0o
O1
02
23) Mask Ventilation and Corrective Steps Part 1 (Initial
stabilization)
24) *Indicates need for and initiates positive pressure 0o
ventilation o1
02
25) *Checks for rising heart rate after 15 seconds of PPV oo
O1
02
26) *Corrective Action 1: Mask readjusted and airway oo
repositioned (MR) O1
02
27) *Corrective Action 2: Suction and open mouth (SO) 0o
O1
02
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28) *Corrective Action 3: Increased ventilation pressures 0o
O1
02
29) *Provides 30 seconds of effective PPV Oo
O1
02
30) *Assesses Sp02 per age related targets and adjusts 0o
oxygen as required O1
02
31) *Corrective Action 4: Intubation with correct size ETT 0o
O1
02
32) Assessment of ETT placement (EtCO2 or colorimeter, oo
misting, air entry, improvement in heart rate / Sp02) O1
02
33) *Assesses Sp02 per age related targets oo
O1
02
34) Post resuscitation
35) *Reassess heart rate with PPV via ETT oo
O1
02
36) *Assesses Sp02 per age related targets and weans Oo
oxygen accordingly O1
02
37) *Continues PPV via ETT 0o
O1
02
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HLHS Time To Critical Intervention

3)

4)

5)

6)

7)

9)

10)

11)

12)

13)

14)

15)

Page 1

Please complete the survey below.

Thank you!

Team number

Site

Reviewer

Time to drying, simulating and suctioning

Other notes

Time to placing pulse ox

Other notes

Time to placing ECG leads

Other notes

Time to placing PIV

Other notes

Time to administering PGE

Other notes

Time to PPV

Other notes
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16)

17)

18)

19)

20)

21)

22)

23)

24)

25)

Page 2

Time to Mask Readjustment

Other notes

Time to suction and open mouth

Other notes

Time to increase ventilation pressures

Other notes

Time to advanced/alternative airway

Other notes

Time to adjusting FiO2

Other notes
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Page 1

Abruption - time to critical intervention

Record ID

Date

Team number

Reviewer

Time to drying, stimulation and suctioning

Other comments

Time to placing pulse ox

Other comments

Time to placing ECG leads

Other comments

Time to initiate PPV

Other comments

Time to MRSOPA

Other comments
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Time to advance/alternative airway

Other comments

Time to starting chest compressions

Other comments

Time to secure umbilical catheter access

Other comments

Time to administering epinephrine

Other comments

Time to administering normal saline bolus

Other comments
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Page 1

Abruption - time to critical intervention

Record ID

Date

Team number

Reviewer

Time to drying, stimulation and suctioning

Other comments

Time to placing pulse ox

Other comments

Time to placing ECG leads

Other comments

Time to initiate PPV

Other comments

Time to MRSOPA

Other comments
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Time to advance/alternative airway

Other comments

Time to starting chest compressions

Other comments

Time to secure umbilical catheter access

Other comments

Time to administering epinephrine

Other comments

Time to administering normal saline bolus

Other comments
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TeamSTEPPS
Please complete the survey below.
Thank you!
1) TeamID
2) Site
Please rate the statements below on the team performance.
Rating scale
1 = very poor
2 = poor
3 = acceptable
4 = good
5 = excellent
3) Assembles a team O1
02
O3
O4
O5
4) Establishes a leader O1
02
O3
O4
O5
5) Identifies team goals and vision O1
02
O3
O4
O5
6) Assigns roles and responsibilities O1
02
O3
O4
O5
7) Holds team members accountable O
@)
O
@)
O
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8) Actively shares information among team members O1
02
O3
O4
O5
9) Overall rating of the team structure O1
02
O3
O4
O5
10) Please rate the statements below on the leadership
performance.
Rating scale
1 = very poor
2 = poor
3 = acceptable
4 = good
5 = excellent
11) Utilizes resources efficiently to maximize team O1
performance 02
O3
O4
O5
12) Balances workload within the team O1
02
O3
O4
O5
13) Conducts briefs, huddles and debriefs O1
02
O3
O4
O5
14) Empowers team members to speak freely and ask O1
questions 02
O3
O4
O5
15) Overall leadership O1
02
O3
O4
O5
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16) Please rate the statements below on the situation

17)

18)

19)

20)

21)

22)

23)

24)

monitoring

Rating scale

1 = very poor
2 = poor

3 = acceptable
4 = good

5 = excellent

Includes patient/family in communication

UuprWwWNRE

Cross monitors fellow team members

U WNE

Applies the STEP process when monitoring the situation

Fosters communication to ensure team members have a
shared mental model

U WNRE

Overall rating - situation monitoring

OO0O00O | OOOOO | OOOOO | COOOO | COOOO
UuprWwWNPRE

U WNE

Please rate the statements below on mutual support

Rating scale

1 = very poor
2 = poor

3 = acceptable
4 = good

5 = excellent

Provides task-related support O1
02
O3
O4
O5
Provides timely and constructive feedback to team O1
members 02
O3
O4
O5

02/27/2022 3:28pm

projectredcap.org &EDCHP"

Levy P, et al. BMJ Open 2023; 13:€067391. doi: 10.1136/bmjopen-2022-067391


https://projectredcap.org

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance

Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Open
Confidential
Page 4
25) Effectively advocates for the patient O1
02
O3
O4
O5
26) Uses the Two-Challenge rule, CUS and DESC script to O1
resolve conflict 02
O3
O4
O5
27) Collaborates with team members O1
02
O3
O4
O5
28) Overall Rating- mutual support O1
02
O3
O4
O5
29) Please rate the statements below on communication
Rating scale
1 = very poor
2 = poor
3 = acceptable
4 = good
5 = excellent
30) Coaching feedback routinely provided to team members, O1
when appropriate 02
O3
O4
O5
31) Provides brief, clear, specific and timely information O1
to team members 02
O3
O4
O5
32) Seeks information from all available sources O1
02
O3
O4
O5
33) Verifies information that is communicated O1
02
O3
O4
O5
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34) Uses SBAR, call-outs, check-backs and handoff O1
techniques to communicate effectively with team 02
members O3
O4
O5
35) Overall rating- communication O1
02
O3
O4
O5
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