RESEARCH ARTICLE

Retention of Basic Neonatal Resuscitation Skills
and Bag-Mask Ventilation in Pediatric Residents
Using Just-in-Place Simulation of Varying
Frequency and Intensity: A Pilot Randomized
Controlled Study
Beena D. Kamath-Rayne, MD, MPH,a,b,c Meredith E. Tabangin, MPH,d Regina G. Taylor, MA,e,f Gary L. Geis, MDc,e,f

ABSTRACT

OBJECTIVES: Pediatric residents quickly lose neonatal resuscitation (NR) skills after initial training. Helping
Babies Breathe is a skills-based curriculum emphasizing basic NR skills needed within the “Golden Minute”
after birth. With this pilot study, we evaluated the feasibility of implementing a Golden Minute review and the
impact on overall performance and bag-mask ventilation (BMV) skills in pediatric interns during and/or after
their NICU rotation, with varying frequency and/or intensity of “just-in-place” simulation.
METHODS: During their NICU rotation, interns at 1 delivery hospital received the Golden Minute module
and hands-on simulation practice. All enrolled interns were randomly assigned to weekly retraining or no
retraining for their NICU month and every 1- or 3-month retraining post-NICU for the remainder of their intern
year, based on a factorial design. The primary measure was the score on a 21-item evaluation tool administered
at the end of intern year, which was compared to the scores received by interns at another hospital (controls).
RESULTS: Twenty-eight interns were enrolled in the intervention. For the primary outcome, at the end of intern
year, the 1- and 3-month groups had higher scores (18.8 vs 18.6 vs 14.4; P , .01) and shorter time to effective
BMV (10.6 vs 20.4 vs 52.8 seconds; P , .05 for both comparisons) than those of controls. However, the 1- and
3-month groups had no difference in score or time to BMV.
CONCLUSIONS: This pilot study revealed improvement in simulated performance of basic NR skills in interns
receiving increased practice intensity and/or frequency than those who received the current standard of NR
training.
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Widespread implementation of properly
practiced neonatal resuscitation (NR) is
an important opportunity to save lives.1,2
However, shortly after an NR course, health
providers may retain knowledge but are
often unable to perform the essential lifesaving skills when needed in real life.3–9 With
reductions in duty hours and NICU rotations,
pediatric residents have few opportunities
to master basic resuscitation skills,
particularly bag-mask ventilation (BMV).
Simulation provides critical learning
opportunities to master resuscitation skills,
particularly BMV,10–18 considered 1 of the
most important procedures in pediatric
residency by the Accreditation Council on
Graduate Medical Education. Regular
practice of BMV skills should result in
improved performance that will translate
into better management of critically ill
newborns and children requiring
stabilization in any pediatric setting,
including the average of 24 pediatric ofﬁce
emergencies occurring annually.15,19–21
In late 2015, the International Liaison
Committee on Resuscitation Neonatal Task
Force released the most recent treatment
recommendations incorporated into
the seventh edition of the Neonatal
Resuscitation Program (NRP). They
used the Grading of Recommendations
Assessment, Development and Evaluation
system to systematically review the
evidence for current research gaps,
including the frequency of resuscitation
training or practices to retain skills.22 The
studies exploring this theme exhibited low
quality of evidence, revealed no difference
in patient outcomes but did show some
advantages in psychomotor performance,
knowledge, and conﬁdence when trainings
occurred at least every 6 months.22
Therefore, the seventh edition of the NRP
suggests that neonatal task training should
occur more frequently than the current
2-year interval but otherwise makes
no speciﬁc recommendations. The
International Liaison Committee on
Resuscitation emphasizes that evidence
gaps regarding NR include understanding
whether simulated delivery room
experiences enhance retention of
knowledge and competency, how retention
and competency are assessed, and how

frequently practice is required to retain
skills.22–24
Although higher quality of evidence is
needed to formulate stronger
recommendations, a weak recommendation
can be made that training should occur
more frequently than yearly, although the
exact frequency is unknown.25 Low-dose,
high-frequency practice has been used in
pediatric and adult cardiopulmonary
resuscitation, in addition to global health
settings, for retention of skills.26–28
Simulation-based studies incorporating
“just-in-time” (practice just before the skill
is performed in real life) and “just-in-place”
(practice in the location where the skill is
performed in real life, such as a clinical
unit, not a simulation laboratory)
methodologies have revealed mixed results,
including improvements in cardiopulmonary
resuscitation skills and reduction in central
line–associated infections29–31 but no
improvement in resident lumbar puncture
success rate.32 Therefore, opportunity exists
to further study and make deﬁnitive
recommendations on how intensely and/or
frequently practice should be performed to
acquire and retain skills. Our aim was to
test a cohort of pediatric interns with a
schedule of recurring neonatal simulation
practices by using just-in-place simulation
administered at varying frequency and
intensity to determine the most effective
way to teach pediatric residents NR, with a
goal of achievement and retention of the
skill of BMV.

METHODS
Study Participants
The study was approved by the institutional
review boards of the freestanding children’s
hospital and the 2 delivery hospitals where
the study took place over the
2014–2015 academic year. Each year, 55 to
60 pediatric interns are accepted and may
be grouped into categorical pediatrics
(∼40), medicine/pediatrics (∼5–7),
pediatrics/neurology (∼5), pediatrics/
genetics (∼2), pediatrics/psychiatry and
child psychiatry (∼3), and pediatrics/
rehabilitation medicine (∼1) divisions. The
pediatric interns had their initial NRP
training in June 2014. Thereafter, the interns
were assigned by the chief residents to do

their initial NICU rotation at either delivery
hospital 1 or delivery hospital 2 (Fig 1). The
interns who rotated at delivery hospital
1 were the intervention group. At the time of
their NICU rotation, they were approached
by the study coordinator and enrolled into
the study with written informed consent.
The interns at delivery hospital 2 received
the standard curriculum consisting of a
tour of the delivery room and a review of
resuscitation equipment at the beginning of
the rotation, with no additional simulation
included.

Intervention
We performed a pilot study using the
teaching techniques and Action Plan of
Helping Babies Breathe (HBB), First
Edition,33 a basic skills-based neonatal
resuscitation curriculum. Given the
emphasis of the Accreditation Council on
Graduate Medical Education on BMV and
recognizing that the majority of infants
respond to the initial steps of resuscitation
and BMV,10,34 we used the methodology of
HBB because of its demonstrated success
in teaching BMV and the steps to improve
ventilation.9,28,35–38 The module focuses on
the steps that must be performed within
the “Golden Minute” after birth and
emphasizes that the newborn should be
breathing spontaneously or receiving
effective BMV by the end of the ﬁrst
minute after birth.
The teaching occurred within 3 to 5 days of
rotation start, during the residents’ normal
45-minute morning teaching period before
rounds, to capture both day- and night-shift
residents. The HBB Action Plan was used
to illustrate the sequence of basic
resuscitation interventions. Residents had
the opportunity to practice the skills of
drying, stimulation, and suction, BMV with a
self-inﬂating bag, and the steps to improve
ventilation. NeoNatalie mannequins (Laerdal
Global Health, Stavanger, Norway), which
simulate crying, breathing, and effective
BMV with chest wall excursion, were used
for practice. At the end of the session, each
participant was individually assessed with
an objective structured clinical evaluation
(OSCE), described below.
In addition to the Golden Minute module at
delivery hospital 1, advanced resuscitation
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FIGURE 1 Study enrollment.

and other positive-pressure ventilation
devices were covered on additional days of
standardized teaching. One day was spent

on simulation involving advanced
resuscitation practices including
endotracheal intubation, chest compression,

and epinephrine administration. The second
day was spent with a respiratory therapist
reviewing the setup and use of devices such
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as the T-piece resuscitator, continuous
positive airway pressure, and ﬂow-inﬂating
bag-mask devices. At the second delivery
hospital, a review of NR was performed
during orientation, but there was no skillsbased review or assessment done in a
formalized fashion.

Ongoing Evaluation
After the Golden Minute session, the
residents were randomly assigned in blocks
of 8 to 1 of 4 groups on the basis of a
factorial design. They were randomly
assigned to 2 levels of intensity of
curriculum booster during their NICU
rotation (none or weekly) and 2 levels of
frequency of testing (1 vs 3 months) after
their NICU month. All study residents were
assessed with the OSCE and survey after the
teaching sessions and immediately postNICU rotation. During the NICU month, if
randomly assigned to weekly boosters, the
resident would meet with 1 of the
evaluators weekly (an additional 2–3 times
during the month) to perform the
simulation and/or evaluation. After the NICU
month, the resident was emailed to meet
with an evaluator at a convenient date and
location where the mannequin was brought
directly to the resident for just-in-place
simulation according to the appropriate
interval. At these meetings, both the survey
and OSCE evaluation were performed. These
locations varied from patient care units or
clinics where the residents were rotating on
clinical service to the lecture hall after noon
conference. The number of evaluations after
the NICU month depended on when the
resident was initially enrolled into the study
(month of the resident’s NICU rotation)
because the resident was managed for the
remainder of intern year according to the
randomized interval.
There were 3 evaluators for the study: the
ﬁrst was a neonatologist who is an NRP
instructor and HBB master trainer, the
second was an emergency medicine
physician who is an HBB master trainer and
simulation expert, and the third was a
research coordinator who had been trained
as an HBB master trainer. The evaluators
were trained by the principal investigator in
OSCE grading. Evaluators were assigned to
meet with residents according to their

availability, with an attempt to give each
evaluator an equal number of residents to
contact, meet, and evaluate.

questions regarding the Golden Minute
teaching, simulation scenario, mannequin,
and frequency of simulation.

Study Tools

Data Analysis

The OSCE was a complex resuscitation
that required the initial steps of
resuscitation described above and BMV
(Supplemental Information). It was modiﬁed
from OSCE B in HBB, which has been
evaluated in other global health settings.33,38
To pass, the learner had to reach a preset
mastery level, deﬁned as performing 15 of
the 21 items correctly. Certain life-saving
steps had to be correctly performed for the
learner to pass, including recognition of a
nonbreathing infant, assessment of chest
movement with BMV, ventilation at 40 to
60 breaths per minute with a self-inﬂating
bag, and steps to improve noneffective
ventilation (assessment of correct mask
size and placement, repositioning the
airway and suction). If the resident did not
pass, the simulation, scoring, and debrieﬁng
process were repeated until that was
achieved. After each simulation and OSCE
evaluation, the resident ﬁrst had time to
self-reﬂect on his or her performance and
then obtained real-time immediate
individual feedback on how he or she did by
the evaluator. The OSCE and debrieﬁng
usually took ∼10 minutes.

Descriptive statistics were used to describe
individual demographics, characteristics,
delivery room attendance, and resuscitation
skills. Regression models were used to
compare skill retention across levels of
curriculum intensity and frequency of
practice. The control group was included in
all end-of-year ﬁnal OSCE models. For
continuous outcomes, we conducted general
linear models with an identity link function;
for categorical outcomes, we conducted
logistic regression to estimate the
parameters and test the signiﬁcance of the
main effects (intensity of curriculum and
frequency of practice) and interaction
(through contrasts). Outcomes were also
compared at the end of the NICU month
between those who had weekly curriculum
boosters to those with no boosters. We
examined the association between intensive
care as a career choice and passing the
ﬁnal OSCE on ﬁrst attempt with Fisher’s
exact test. Statistical signiﬁcance was
declared at P , .05. SAS version 9.4 (SAS
Institute, Inc, Cary, NC) was used to conduct
all analyses.

Outcomes
Our primary outcome was OSCE score
assessed at the end of the intern year
(September 2015). Secondary outcomes
included the OSCE score at the end of the
NICU month, performance of effective BMV
in OSCE simulation, time to initiate effective
BMV, and passing OSCE on the ﬁrst attempt.
A global rating score was also added
toward the end of the pilot year to provide
additional information about performance.
We also collected data on each step of the
OSCE and whether it was correctly
performed or not.
If the resident performed BMV or positivepressure ventilation in the delivery room,
they were asked to give their supervisor an
evaluation form rating performance on the
same steps of resuscitation as the OSCE. At
the end-of-year OSCE, interns were surveyed
about career choice and open-ended

RESULTS
Twenty-eight interns who rotated at delivery
hospital 1 and participated in Golden Minute
teaching were consented for the study
(Fig 1). Four interns withdrew after the NICU
month (2 in each of the 1- and 3-month
groups) and were not included in any
analyses.
Twenty-four interns completed the study;
13 were randomly assigned to follow-up
simulations monthly, whereas 11 were
assigned to follow-up simulations every
3 months (Fig 1). Although a greater
number of interns with interest in critical
care specialties such as NICU, PICU, or
emergency medicine were in the 1-month
group, this was not statistically different
(Table 1). Interestingly, a greater proportion
of interns in both 1- and 3-month groups
reported gaining experience in performing
BMV in real-life situations on the newborn
and/or NICU rotations than any other
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TABLE 1 Characteristics of Study Participants
Characteristic

Follow-up Training Every Month
(N 5 13)

Participants with weekly boosters during NICU mo,
n (%)

Follow-up Training Every 3 M
(N 5 11)

Control
(N 5 14)
—

8 (61.5)

3 (27.3)

46.9 (25.2)

72.7 (19.4)

—

7.8 (3.5)

4.8 (1.5)

—

Range

3–13

2–8

—

Post-NICU mo

Days between OSCEs, mean (SD)
No. OSCEs, mean (SD)

n59

n59

—

Conﬁdence in BMV, Scale: 1–7, median (IQR)

6 (5–6)

5 (5–6)

—

Conﬁdence in resuscitation, median (IQR)

5 (4–5)

5 (5–5)

N 5 13

Final survey conﬁdence

—

n 5 10a

N 5 14
5 (4–5)

Conﬁdence in BMV, median (IQR)

6 (5–6)

5 (5–6)

Conﬁdence in resuscitation, median (IQR)

5 (5–6)

5 (4–5)

4 (3–5)

8 (61.5)

2 (20)a

3 (21.4)

Career choice: neonatology, critical care, ED, PICU,
mean (SD)

n 5 10a

N 5 14

12 (92.3)

8 (80)

11 (78.6)

$1 BMV in emergency department, n (%)

2 (15.4)

3 (30)

4 (28.6)

$1 BMV in PICU, n (%)

3 (23.1)

1 (10)

0

$1 BMV in other rotations, n (%)

5 (38.5)

4 (40)

9 (64.3)

N 5 13

Clinical experiences by recall of residents
$1 BMV in delivery room NICU/normal newborn,
n (%)

—, not applicable.
a
One missing survey.

clinical rotations (emergency department,
pediatric intensive care or other).
Post-NICU rotation, the 1- and 3-month
groups averaged 7.8 and 4.8 OSCE
practices with an average of 46.9 and
72.7 days between practices, respectively
(Table 1). On the end-of-year OSCE, the 1- and
3-month groups had no signiﬁcant
difference in score, time to BMV, or
achievement of mastery (Table 2). However,

the 1- and 3-month groups had higher OSCE
scores than the control group (18.8 vs
18.6 vs 14.4; P , .01 for both comparisons).
For the interns that completed all the initial
steps correctly, there was no difference in
time to initiation of ventilation between the
1- and 3-month groups. Only 1 intern in the
control group performed all the initial steps
correctly and thus could not be included in
this comparison. Furthermore, after the

intent to ventilate, there was no difference
in the time to achieving effective BMV (as
noted when the chest started moving)
between the 1- and 3-month groups;
however, both the 1- and 3-month groups
were able to achieve effective ventilation
more quickly than the control group
(P , .05 for both comparisons; Table 2). The
global rating score was also signiﬁcantly
higher in both the 1- and 3-month groups

TABLE 2 Final End-of-Year Comparison of Continuous Outcomes Between 1- and 3-Month Groups: Follow-up and Control
Continuous Outcomes

Follow-up Every Month
(N 5 13)

Follow-up Every 3 Month
(N 5 11)

Control
(N 5 14)

1 vs
3 Month

1 Month vs
Control

Least-Squares Mean (95% CI)
OSCE score

18.8 (17.6 to 19.9)

P

18.6 (17.5 to 19.8)

14.4 (13.3 to 15.4)

.96

,.0001

,.0001a

.80

—

—

.03a

a

a

Time to effective ventilation(s)
(among those who completed
all 3 initial steps)

56.7 (38.6 to 74.9)

53.6 (34.2 to 72.9)

—

Time between intent to bag and
chest moving(s)

10.6 (25.5 to 26.7)

20.4 (2.9 to 37.8)

52.8 (35.3 to 70.3)

.68a

.003a

Time to start ventilation(s)

39.2 (27.7 to 50.6)

33.5 (21.1 to 46.0)

46.9 (35.9 to 57.9)

.59a

.78a

Global rating scale

5.1 (4.4 to 5.9)

3 Month vs Control

4.6 (3.8 to 5.4)

b

2.1 (1.4 to 2.8)

a

.61

.24a

,.0001

a

,.0001a

—, not applicable.
a
Tukey-Kramer adjusted P value for multiple comparisons.
b
N 5 1 in control group who completed all 3 initial steps; model testing follow-up groups only.
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than in the control group (P , .01 for both
comparisons). After the NICU month to
the ﬁnal survey, there was no signiﬁcant
difference in conﬁdence in BMV or
resuscitation for either group (Table 1).
In comparing performance on the end-ofyear OSCE, the 1-month group had a greater
probability of passing on the ﬁrst attempt
compared to controls, odds ratio (OR) 9.9
(95% conﬁdence interval [CI] 1.5 to 63.7);
results were similar for the 3-month group
compared to controls, OR 8.1 (95% CI 1.2 to
53.2). On the end-of-year OSCE, both the 1month and 3-month groups had higher odds
of completing all the initial steps before
BMV compared with controls; this was OR
20.8 (95% CI 2.0 to 211.7) for the 1-month
group and OR 22.7 (95% CI 2.1 to 244.8) for
the 3-month group. However, in comparing
the 1- and 3-month groups, there were no
statistically signiﬁcant differences in any of
these outcomes.
For the subanalysis regarding performance
at the NICU rotation end, interns who had
weekly OSCEs (N 5 11) had higher OSCE
scores than those without (N 5 10; Table 3;
mean 19.7 vs 16.9; P , .01). There were no
differences in time to start ventilation nor in
the time between starting ventilation at the
chest moving (a sign of effective BMV).
Three interns did not complete OSCEs at
the end of the NICU month and were not
included in this analysis; all 3 were
assigned to the group that received no
weekly OSCE. Five interns did not complete
the ideal number of weekly OSCEs desired
before the end-of-month OSCE; that is,
2 interns had no weekly OSCEs performed,
and 3 interns had 1 weekly OSCE performed.
Two residents received real-life experience
performing positive-pressure ventilation in
the delivery room and had their supervisors
complete assessment forms. In these
2 situations, the residents were able to

successfully perform positive-pressure
ventilation, including checking the
equipment, providing BMV at the correct
rate, and conﬁrming that ventilation was
effective.

DISCUSSION
Retention of life-saving resuscitation skills is
a challenge after resuscitation workshops.
The NRP has been at the forefront in
incorporating simulation-based training in
teaching life support to health care
providers.39 However, the seventh edition
of the NRP is vague in speciﬁc
recommendations for the frequency of
practice or refresher training required to
maintain skills.22 It is suggested in this pilot
study that regularly scheduled just-in-place
simulation both during and after the NICU
rotation can assist pediatric interns in
mastery of basic NR skills in simulated
performance. Although the initial intensity
of weekly practices allowed for improved
performance in NR skills by the NICU
rotation end, our small group sample sizes
did not allow for analysis of intensity at the
end of the study. However, in the long-term,
the study conﬁrmed that short, frequent
practices, whether at 1 or 3 months, could
improve skills over baseline.40 The lack of a
difference in ﬁnal OSCE scores between the
1- and 3-month groups suggests there may
be a plateau after a certain number of
practices indicating mastery and that a
certain number of practices may cause
“saturation” and allow for the resident to
master the skill.
This study reveals some feasibility of
implementing an ongoing system of practice
within a busy pediatric residency program,
challenged by duty restrictions, shift work,
and off-site rotations. Although our original
intention was to compare a practice
simulation frequency of 1 versus 3 months

for skill retention, our 2 groups did not have
the ideal separation in days between
practices because of challenges of
manpower and rotating schedules. This
speaks to the challenges of scheduled
trainings for residents, which include extra
staff to schedule, meet, and debrief with
residents at the appointed time.
Furthermore, although study interventions
were well received by residents, it is
unknown whether the intervention impacted
clinical care. Only 2 residents had
documented attempts to practice their BMV
skills in real-life delivery scenarios. Authors
of a recent study performed in a US tertiary
academic center observed .1100 deliveries
over an 18-month period and found that 6%
of infants received positive-pressure
ventilation,41 which underscores challenges
of ensuring that residents have sufﬁcient
experience at performing BMV. In fact,
several residents revealed that our study
was the only experience they had with BMV
during their intern year.
Our study faced several challenges. Most
signiﬁcantly, because of personal issues,
two evaluators were not readily available to
meet with residents for their ﬁnal OSCEs;
therefore, the last OSCEs for many study
participants were closer together than
desired by the original design. The study
was also challenged by waiting for
residents to respond to e-mails to schedule
sessions; many residents did not regularly
check or respond to e-mail as a primary
mode of communication.
Given the positive effect of ongoing practice,
we have expanded the Golden Minute
teaching to all residents and have enrolled
all interns at both delivery hospitals into a
larger, more comprehensive study, with
analysis still underway. We have
incorporated some work-arounds that were

TABLE 3 Subanalysis: Differences in Outcomes at the End of the NICU Month Rotation Between Residents With Weekly Curriculum Boosters
Versus No Boosters
Weekly Boosters (N 5 11)

Continuous Outcomes

No Boosters
(N 5 10)

P

Least-Squares Mean (95% CI)
,.0001

OSCE score

19.7 (19.0 to 20.4)

16.9 (16.2 to 17.6)

Time between intent to bag and chest moving(s)

27.5 (9.5 to 45.6)

19.0 (20.97 to 39.0)

.51

Time to start ventilation(s)

35.4 (28.1 to 42.6)

40.5 (32.9 to 48.1)

.32

686

KAMATH-RAYNE et al

Downloaded from www.aappublications.org/news by guest on September 23, 2021

based on the challenges that arose during
this pilot study, including more evaluators
trained in HBB and the NRP to assist with
the ongoing evaluations. We added
contacting residents by text message to
obtain a more immediate answer of an
ideal time and place to meet. Given that
our evaluators were unblinded to the
randomization of study groups and could
have preferentially scored those practicing
more frequently, we assigned a research
coordinator to assign evaluators to meet
with the residents; this enabled the
evaluators to remain blinded to frequency
(1 or 3 months) of each resident’s random
assignment.
There were some limitations to the study.
First, ideally, we should have assessed the
interns’ NR skills before the Golden Minute
teaching. On the basis of our experience,
this would have taken 10 minutes per
resident, which on average would add
30 to 40 minutes to the initial training if
2 evaluations were required. This likely
would have taken too much time away from
patient care. Also, because the training
mannequin was new to each resident and
is introduced during the initial training
session, we may have underestimated
skill by pretesting the residents with an
unfamiliar piece of equipment. Second,
there may have been differences between
the 2 delivery hospitals that could have
been potential confounders in resident
performance, such as the more
standardized teaching on NR at hospital 1.
Third, our modiﬁed OSCE has not been
validated, but it was heavily based on the
OSCE from HBB, which has been widely
used and evaluated in global health
settings.38 It is unknown how performance
on the OSCE correlates to real-life clinical
performance. Fourth, given that this was a
pilot study, we used a convenience sample
rather than having an a priori sample size
calculation. Authors of future studies can
use the results of our initial, baseline
evaluations, and improvements in the
intervention group to help create sample
size estimates. Fifth, we recognize that our
results from a single institution may not be
generalizable to all centers. We were not
able to schedule a time to meet with some
residents within their assigned practice

window because of availability issues on
both the part of the evaluators and
residents themselves. Although a lot of
manpower was used to ensure residents
were supervised for practices at the
designated study interval, it is suggested in
our study that brief 5- to 10-minute
practices with BMV aid in skill retention;
how and when this is accomplished may
differ according to the structure of a
residency program. As done in some lowresource settings, these could potentially
be done as a self-motivated check at the
beginning of a shift, which would make the
realization of these practices much easier
if no direct supervision were required.36,37
Sixth, we did not attempt to analyze for a
correlation between resident conﬁdence
and OSCE score. Although conﬁdence and/
or comfort are lower-level educational
outcomes, authors of future studies could
attempt to assess whether these outcomes
predict success in NR and/or BMV. If so,
learners with lower levels of conﬁdence or
comfort may beneﬁt from more intense or
frequent training. Finally, given that the
OSCE was used as both the simulation and
assessment tool, it could be argued that
the interns who practiced more frequently
were more familiar with the assessment
and therefore performed better. However,
NR is based on an algorithm, and
performing the life-saving interventions in
that speciﬁc order on the basis of muscle
memory obtained through simulation is
exactly what we hope to achieve.

CONCLUSIONS
Simulation is an effective means to teach
BMV, particularly when residents have few
opportunities to perform this skill in the
delivery room setting. More effective
teaching of BMV skills in the neonatal
setting may also help residents to perform
the skill in other clinical pediatric settings
and be pertinent to all residents, not just
those entering neonatal-perinatal
medicine. Just-in-place simulation with a
low-ﬁdelity mannequin enables residents
to perform low-dose and high-frequency
practice, allowing for better acquisition of
the most essential NR skills. Future studies
should be used to further evaluate the
question of 1- vs 3-month practice after the

NICU rotation and whether there is an ideal
“dose” or threshold of practice that allows
for mastery of skills in a larger population
of pediatric residents.
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