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a b s t r a c t
Introduction: Previous studies reveal pediatric resident resuscitation skills are inadequate, with little
improvement during residency. The Accreditation Council for Graduate Medical Education highlights the
need for documenting incremental acquisition of skills, i.e. “Milestones”. We developed a simulationbased teaching approach “Rapid Cycle Deliberate Practice” (RCDP) focused on rapid acquisition of
procedural and teamwork skills (i.e. “ﬁrst-ﬁve minutes” (FFM) resuscitation skills). This novel method
utilizes direct feedback and prioritizes opportunities for learners to “try again” over lengthy debrieﬁng.
Participants: Pediatric residents from an academic medical center.
Methods: Prospective pre-post interventional study of residents managing a simulated cardiopulmonary
arrest. Main outcome measures include: (1) interval between onset of pulseless ventricular tachycardia
to initiation of compressions and (2) deﬁbrillation.
Results: Seventy pediatric residents participated in the pre-intervention and ﬁfty-one in the postintervention period. Baseline characteristics were similar. The RCDP-FFM intervention was associated
with a decrease in: no-ﬂow fraction: [pre: 74% (5–100%) vs. post: 34% (26–53%); p < 0.001)], no-blow fraction: [pre: 39% (22–64%) median (IQR) vs. post: 30% (22–41%); p = 0.01], and pre-shock pause: [pre: 84 s
(26–162) vs. post: 8 s (4–18); p < 0.001]. Survival analysis revealed RCDP-FFM was associated with starting compressions within 1 min of loss of pulse: [Adjusted Hazard Ratio (HR): 3.8 (95% CI: 2.0–7.2)] and
deﬁbrillating within 2 min: [HR: 1.7 (95% CI: 1.03–2.65)]. Third year residents were signiﬁcantly more
likely than ﬁrst years to deﬁbrillate within 2 min: [HR: 2.8 (95% CI: 1.5–5.1)].
Conclusions: Implementation of the RCDP-FFM was associated with improvement in performance of
key measures of quality life support and progressive acquisition of resuscitation skills during pediatric
residency.
© 2014 Elsevier Ireland Ltd. All rights reserved.

Abbreviations: ACGME, Accreditation Council for Graduate Medical Education; ACLS, Advanced Cardiac Life Support; AHA, American Heart Association; BLS, Basic Life
Support; BVM, bag-valve-mask ventilation; CI, conﬁdence interval; CPR, Cardiopulmonary Resuscitation; FFM, First Five Minutes; HR, Hazard Ratio; IHCA, in-hospital cardiac
arrest; IQR, interquartile range; mVIF, mean variance inﬂation factor; PALS, Pediatric Advanced Life Support; PEA, pulseless electrical activity; PICU, pediatric intensive
care unit; PRRT, Pediatric Rapid Response Team; RCDP, Rapid Cycle Deliberate Practice; PVT, pulseless ventricular tachycardia; sCPA, simulated cardiopulmonary arrest; VF,
ventricular ﬁbrillation.
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1. Introduction

2.3. Curriculum development

Over 5800 children will have an in-hospital cardiac arrest (IHCA)
in the United States each year.1 An exciting trend reveals survival
to discharge from pediatric IHCA improving from 14.3% in 2000
to 43.9% in 2009, however, the majority of children will still not
survive.2 Deviance from American Heart Association (AHA) resuscitation guidelines is associated with decreased likelihood of survival
from IHCA.3,4 AHA recommends pulseless individuals receive chest
compressions immediately, deﬁbrillation within 2 min of a shockable rhythm and no pauses in chest compressions >10 s.5,6
In an initial “pre-intervention” study of simulated cardiopulmonary arrests (sCPAs), only 1/3 of pediatric residents started
compressions within 1 min from onset of pulseless ventricular
tachycardia (PVT), and less than half deﬁbrillated within 2 min.
There was no difference between ﬁrst-year and third-year residents, suggesting Basic Life Support (BLS), Pediatric Advanced Life
Support (PALS) and residency were not preparing them to manage
IHCAs.7 At our institution, we have now augmented BLS and PALS
courses with curricula focused on acquisition of procedural and
teamwork skills. As described below, this novel competency-based
curriculum style is referred to as “Rapid Cycle Deliberate Practice”
(RCDP).
The ﬁrst principle of RCDP is to maximize the time learners
spend in deliberate practice. We give them multiple opportunities
to “do it right”, applying the concepts of overlearning and automatization, creating muscle memory for the “right way”.8–10 The
second is for faculty to efﬁciently provide speciﬁc evidence-based
or expert-derived solutions for common problems seen during
IHCAs. This is more efﬁcient than encouraging residents to explore
new solutions. The third principle is to explicitly foster “psychological safety” so learners embrace our direct feedback without
becoming defensive.11,12 We create an environment where residents understand our goal is coaching them akin to world-class
athletes, with high standards and even higher stakes, i.e. saving
lives. They transition from being nervous about making mistakes
to being enthusiastic about the opportunity for dedicated coaching
and practice time. We rapidly cycle between deliberate practice and
directed feedback until skill mastery is achieved, thus the rationale
for referencing K. Anders Ericsson’s work on deliberate practice as
the inspiration for the term “Rapid Cycle Deliberate Practice”.13
The objective of this study was to measure if implementation
of an intervention, i.e. RCDP curriculum, was associated with: (1)
improved performance on key resuscitation quality markers when
compared to a baseline cohort from our initial pre-intervention
study and (2) a measurable improvement between ﬁrst and thirdyear pediatric residents.7

We designed curriculum that includes high-ﬁdelity simulation and debrieﬁng, both associated with improved resuscitation
efforts.16–18 We focus on management of the ﬁrst 5 min of respiratory failure and cardiac arrest, thus we refer to this curriculum
as RCDP-FFM. Along with practicing resuscitation technical skills
we emphasize communication and teamwork principles. All teaching is consistent with AHA 2005 and 2010 pediatric BLS and PALS
guidelines since initial curriculum development overlapped those
periods. A summary of training objectives is available in Appendix
1.
Training is held each month in the Johns Hopkins Simulation
Center for ﬁrst and third-year pediatric residents that will carry
Pediatric Rapid Response Team (PRRT) pagers that month (8 residents/session). The two-hour sessions are held at the beginning of
the month in a “just-in-time” manner. They have this training prior
to a surprise in situ mock code that occurs later that month, and
before any true medical emergencies they might have to manage.19
The curriculum is intended to be complementary to BLS and PALS
and prepare them to manage a deteriorating child on the wards
during the ﬁrst 5 min of a crisis, while waiting for the pediatric
intensive care unit (PICU) staff and remaining members of the PRRT
to arrive.

2. Methods
2.1. Pre-intervention baseline resuscitation curriculum
The pre-intervention resuscitation curriculum consisted of BLS
during intern orientation, PALS at the beginning of second year,
monthly in situ mock-codes on the wards described previously and
sporadic mock codes on other rotations.14 Greater detail regarding
the pre-intervention cohort baseline characteristics was reported
previously.7,14,15

2.4. Deﬁning key principles of RCDP training method
We systematically analyzed iterations of our curriculum
(assessing for improvements in time to compressions, no-ﬂow
fractions and time to deﬁbrillation), continuously updating our
approach until learners consistently achieved curricular goals.
Observation revealed learner-centered debrieﬁng did not result
in measurable improvement in the two-hour period. We shifted
to a directed feedback or “coaching” style. The ﬁrst scenario of
each session is allowed to ﬂow uninterrupted, acting as a needs
assessment. We then progressively raise our expectations and
interrupt for errors, addressing each by: (1) sharing performance
data, quantifying any breeched standards (e.g. start compressions
within 10 s of cardiac arrest, deﬁbrillate within 2 min, no-ﬂow
fraction < 80%),20 (2) solution oriented debrieﬁng including “gold
standard choreography”, (3) scripted language to improve team
communication and (4) use of what we call “action linked phrases”;
(e.g. “There’s no pulse, I’m starting chest compressions.”) When
residents repeat an error, whether it is related to a skill (i.e. delay to
starting chest compressions) or a teamwork issue (i.e. not utilizing
closed-loop communication), we ask them to “pause, rewind 10 s
and try it again.”
During the RCDP-FFM sessions, residents are exposed to a series
of ﬁve clinical scenarios. The scenarios require residents to work
as a team and allows for hands-on experience with a progression of resuscitation psychomotor skills (Fig. 1). Each scenario
builds on skills taught in the previous scenario such that skills
most frequently needed in pediatrics, e.g. bag-valve-mask ventilation (BVM) will be practiced the most. The case progression was
designed to reﬂect the epidemiology of pediatric cardiac arrests, i.e.
time spent on respiratory failure > bradycardia > pulseless electrical activity (PEA) > shockable rhythms. Similarly, teamwork skills
including team choreography during resuscitation (i.e. switching compressors seamlessly) and communication skills progress
throughout all ﬁve cases as well.

2.2. Intervention
2.5. Study design
The post-intervention resuscitation training was identical to
pre-intervention except: (1) PALS was moved from beginning of
second-year to the end of ﬁrst-year of residency and (2) introduction of the new curriculum.

The participants consisted of two cohorts of pediatric residents
separated by two years. We evaluated performance for residents
who received RCDP-FFM (“post-intervention”) against that of the
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Fig. 1. Rapid Cycle Deliberate Practice – First Five Minutes (RCDP-FFM). Summary of 5 simulation cases and key objectives

historical control in our initial study (“pre-intervention”).7 The
resuscitation skills of individual pediatric residents were assessed
at the end of their academic year. This study was part of our institutional educational and quality assurance efforts. Primary data
analysis was at the group level and deemed exempt by the Johns
Hopkins University Institutional Review Board.
The primary outcome measure was the time interval between
onset of PVT and deﬁbrillation. Secondary outcome measures
included: time interval between onset of PVT and (1) initiation
of chest compressions, (2) no-ﬂow fraction (proportion of time
a pulseless patient received no compressions, deﬁned as periods > 3 s), (3) initiation of BVM, (4) no-blow faction (proportion of
time a pulseless patient received no respiratory support, deﬁned
as periods with no BVM > 10 s), and (5) pre-shock pause (interval
between when chest compressions are paused and shock is delivered).
2.5.1. Post-intervention assessments: simulated cardiopulmonary
arrests
Residents participated in individual sCPAs during their annual
resuscitation competency assessment. Laerdal SimMan® was used
to simulate an adolescent-sized patient who developed PVT in their
presence. The resident was the team leader and two study personnel functioned as nurses. The sCPA started with one of three
vignettes, but progression of vital signs were identical for all simulations. The details of how the sCPAs were conducted are described
elsewhere and were identical for both cohorts.7

reliability for data abstraction from post-intervention videotaped sCPAs and stored in a Microsoft (Redmond, Washington) SQL CE database. Data from both cohorts were then
combined and analyzed with STATA I/C 10.0 statistical software (College Station, TX). Proportions were calculated for
categorical data and compared using the chi-square statistic. Continuous data were ﬁrst assessed for distribution and
based on the non-normal distribution median values and interquartile ranges were reported. Comparison of continuous data
between the cohorts was made using the Wilcoxon rank-sum
test.
We performed time-to-event analysis for the interval between
onset of PVT and ﬁrst deﬁbrillation, as well as time to initiation
of chest compressions. The assumption of proportional hazards
was assessed using graphical log–log plots of survival probability against analysis time; this assumption held sufﬁciently to use
time-to-event methodology. Kaplan–Meier survival curves were
estimated and compared using the log-rank test. Cox proportional hazards regression models were ﬁt to estimate hazard
ratios using a stepwise process of inclusion of independent variables; both unadjusted and adjusted hazard ratios were calculated.
Potential collinearity/multicollinearity of independent variables
was evaluated using several methods including evaluation of the
mean variance inﬂation factor (mVIF) value for each model using
ordinary least squares regression and a series of sensitivity analyses.

2.6. Data collection

3. Results

2.6.1. Baseline characteristics
Residents completed an 18-item survey on gender, level of residency training, resuscitation education and experience. The survey
development methods and results of the pre-intervention cohort
are previously reported.7

3.1. Baseline characteristics

2.6.2. Simulation performance data management and statistical
analysis
Data for the pre-intervention cohort were reported previously.7
Software was speciﬁcally designed, developed, and tested for

Seventy pediatric residents participated in the pre-intervention
period and ﬁfty-one in the post-intervention period. Baseline
characteristics are stratiﬁed by cohort and reported in Table 1.
Resuscitation training was similar between the two cohorts except
fewer of the post-intervention cohort had training in advanced
cardiopulmonary life support and more had exposure to simulators during medical school. As expected, more post-intervention
than pre-intervention residents had taken PALS since one of the
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Table 1
Baseline characteristics.
Baseline Characteristics

Pre-RCDP, n = 70n (%)

Post-RCDP, n = 51n (%)

p-Value

PGY
1
2
3

27 (39%)
22 (31%)
21 (30%)

19 (37%)
17 (33%)
15 (29%)

0.975

Gender
Males
Females

28 (40%)
42 (60%)

19 (37%)
32 (63%)

0.760

Resuscitation training in medical school
BLS
ACLS
PALS
Code team training
Simulator exposure
Resuscitation using simulator

57 (81%)
33 (47%)
3 (4%)
23 (33%)
17 (24%)
8 (11%)

41 (82%)
14 (28%)
2 (4%)
12 (24%)
13 (26%)
10 (50%)

0.936
0.034
0.938
0.293
0.831
<0.001

Resuscitation training in residency
Mock code this year
Mock code during residency
Simulator training during test year

46 (66%)
65 (93%)
37 (53%)

37 (79%)
46 (92%)
22 (45%)

0.129
0.860
0.393

Resuscitation training ever
BLS
PALS

64 (91%)
40 (57%)

44 (94%)
46 (98%)

0.663
<0.001

Resuscitation experience
Attended real code in medical school
# codes in medical schoola
Attended real code in residency
# codes in residencya
Codes as Team Leader
Ever deﬁbrillated a patient
Ever deﬁbrillated a patient or manikin

53 (76%)
2 (1–3)
67 (96%)
4 (3–8)
0 (0–0)
11 (16%)
46 (66%)

37 (73%)
1 (0–2)
45 (88%)
5 (2–7)
0 (0–0)
6 (12%)
41 (80%)

0.694
0.2767
0.122
0.4208
0.6125
0.595
0.076

The bold values indicate a p value < 0.05.
a
Median (interquartile range).

recommendations from the initial study was to move PALS into
the internship year.

3.2. Airway management
More than 90% of residents in both cohorts requested team
members perform BVM or initiated it themselves. There was a signiﬁcant reduction in the median (interquartile range–IQR) no-blow
fraction for the post-intervention cohort, [pre: 39% (22–64%) vs.
post: 30% (22–42%), p = 0.01], see Table 2.

3.3. Compressions
Post-intervention residents were faster to start chest compressions than the pre-intervention cohort [pre: 51 s (27–210) vs. post:
27 s (18–60), p < 0.002.] The no-ﬂow fraction was also signiﬁcantly
reduced [pre: 74% (5–100%) vs. post: 34% (26–53%), p < 0.001], see
Table 2. More of the post-intervention group started compressions
within 1 min of pulselessness: [pre: 34% vs. post: 71%, p < 0.001]
demonstrated in Fig. 2. In a Cox regression controlling for level of
training, gender and prior participation in a PALS course, the postintervention group was 3.8 times more likely to start compressions
within 1 min than the pre-intervention group [HR: 3.82, 95% CI:
2.03–7.17, p < 0.001], see Table 3. PALS was not independently associated with starting compressions within 1 min of PVT: [HR: 0.92,
95% CI: 0.34–2.45, p = 0.86). Unlike in our initial study cohort, there
was successive improvement by year of post-graduate training; i.e.
second-year residents were 3.3 times more likely and third-years
were 4.3 times more likely to start compressions within 1 min of
PVT than ﬁrst-years.

3.4. Deﬁbrillation
There was no difference in the proportion of each group that
successfully deﬁbrillated at some point during the sCPA. However,
there was a signiﬁcant decrease in median time from onset of PVT to
deﬁbrillation after the intervention: [pre: 163 s (120–300) vs. post:
128 s (101–209), p = 0.03]. The median pre-shock pause time was
improved for the post-intervention group by a factor of 10 [pre:
84 s (26–162) vs. post: 8 s (4–18), p < 0.001], see Fig. 3.
Although there was not a signiﬁcant difference in the proportion
of residents in each group successfully delivering a shock within
2 min in bi-variate analysis, the multivariable Cox proportional hazard analysis indicated residents in the intervention group were 65%

Fig. 2. Kaplan–Meier: onset of PVT to Initiation of Chest Compressions.

E.A. Hunt et al. / Resuscitation 85 (2014) 945–951

949

Table 2
Resuscitation performance.
Resuscitation performance

Pre-RCDP, n = 70

Post-RCDP, n = 51

Airway and breathing
Ordered or used BVM
Time to ordering BVM (s)a
Min–max (s)a
Total time respirations not performed (s)
“No-Blow” fraction

p-Value

64 (91%)
23 (13–88)
[5–515]
196 (144–265)
39% (22–64%)

50 (98%)
19 (11–30)
[2–192]
148 (98–189)
30% (22–41%)

Circulation
Ordered or performed compressions
Started compressions with-in 1 min
Time to ﬁrst compression (s)a
Min–max (s)a
Total time compressions not performed (s)
“No-Flow” fraction

47 (67%)
24 (34%)
51 (27–210)
[6–736]
357 (242–573)
74% (5–100%)

46 (90%)
36 (71%)
27 (18–60)
[5–461]
141 (92–250)
34% (26–53%)

0.003
<0.001
<0.002

Deﬁbrillation
Successfully delivered a shock
Successfully delivered shock with-in 3 min
Time to successfully delivering shock (s)a
Min–max (s)a
Pre-shock pause time (s)a
At least one failed deﬁbrillation attempt

65 (94%)
38 (54%)
163 (120–300)
[67–668]
84 (26–162)
34 (49%)

46 (90%)
33 (65%)
128 (101–209)
[53–759]
8 (4–18)
14 (28%)

0.410
0.250
0.03

0.12
0.09
0.004
0.013

<0.001
<0.001

<.001
0.02

The bold values indicate a p value < 0.05.
a
Median (inter-quartile range).

more likely to deﬁbrillate within 2 min than the pre-intervention
group [HR: 1.65, 95% CI: 1.03–2.65, p = 0.04]. Second and third-year
residents were signiﬁcantly more likely to deﬁbrillate within 2 min
than the ﬁrst-year residents, see Table 3. The mVIF for this model
was 1.14 indicating collinearity of independent variables was not a
substantive concern.
It was recognized there could be intra-person correlation given
15 participants in the pre-intervention cohort were also included in
the post-intervention cohort. We performed a sensitivity analysis
by repeating the same analyses after excluding these 15 observations. The ﬁndings were not signiﬁcantly changed, suggesting little
or no intra-person correlation.

Our analysis revealed an association between the RCDP-FFM curriculum and marked improvement in quality measures of BLS and
deﬁbrillation. This manuscript introduces an innovative teaching
style we call “Rapid Cycle Deliberate Practice”, which enables rapid
attainment of competence in resuscitation performance skills.
4.1. Clinical signiﬁcance
The quality of resuscitation efforts delivered to a patient matters. Ornato et al. demonstrated adults who suffer an IHCA are
less likely to survive when errors in resuscitation occurred.3 Chan
et al. demonstrated a 52% decrease in odds of survival from IHCA if
an adult patient with VF/PVT was not deﬁbrillated within 2 min.4
Edelson et al. demonstrated each ﬁve second increment in preshock pause decreases the likelihood of successful deﬁbrillation.21
These data are relevant to those caring for children as Samson et al.
demonstrated 10% of children who suffer an IHCA will have VF/PVT

4. Discussion
We present the results of a prospective pre-post interventional
study of pediatric resident performance during simulated sCPAs.
Table 3
Cox multivariable regression analysis of time to compressions and time to deﬁbrillation.
Unadjusted hazard ratio

95% CI

p-Value

Adjusted hazard ratioa

95% CI

p-Value

Compressions ≤ 1 min
Pre intervention
Post intervention

1.0 (reference)
2.94

–
1.75–4.94

–
<0.001

1.0 (reference)
3.82

–
2.03–7.17

–
<0.001

Male
Female

1.0 (reference)
.639

–
.383–1.06

–
.085

1.0 (reference)
.57

–
0.31–0.89

–
0.045

PALS never
PALS ever

1.0 (reference)
3.33

–
1.51–7.35

–
0.003

1.0 (reference)
.92

–
0.34–2.45

–

PGY 1
PGY 2
PGY 3

1.0 (reference)
2.74
3.47

–
1.39–5.42
1.77–6.83

–
.004
<0.001

1.0 (reference)
3.33
4.29

–
1.56–7.08
1.91–9.62

–
0.002
<0.001

Deﬁbrillation ≤ 3 min
Pre intervention
Post intervention

1.0 (reference)
1.41

–
.88–2.25

–
0.149

1.0 (reference)
1.65

–
1.03–2.65

–
0.039

Male
Female

1.0 (reference)
.58

–
.36–.92

–
0.02

1.0 (reference)
.57

–
0.36–0.92

–
0.022

PGY 1
PGY 2
PGY 3

1.0 (reference)
1.91
2.76

–
1.04–3.51
1.52–5.00

–
0.037
0.001

1.0 (reference)
2.03
2.80

–
1.11–3.74
1.53–5.11

–
0.022
0.001

The bold values indicate a p value < 0.05.
a
Hazard ratio adjusted for the RCDP curriculum intervention, level of training, gender and prior participation in a PALS course.

.860
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resuscitation skills should be mastered by each stage of training,
as well as exploration of necessary retraining intervals.

4.3. BLS and PALS as pre-requisites for RCDP-FFM

Fig. 3. Pre-shock pause decreased 10-fold after RCDP-FFM.

as their initial rhythm and 27% will have a shockable rhythm at
some point during the event.22 Our earlier study revealed residents who had previously discharged a deﬁbrillator were 87% faster
at deﬁbrillating than those who had not done so.7 Thus we now
require each resident to operate the deﬁbrillator in the middle of
a VF scenario. After introduction of the RCDP-FFM curriculum, our
residents were 1.7 times more likely to deﬁbrillate within 2 min
per AHA guidelines. There was a 10-fold reduction in the median
pre-shock pause. Due to literature revealing the danger of hyperventilation in cardiac arrest, we now de-emphasize the no-blow
fraction but highlight when the no-ﬂow fraction is much higher
than the no-blow fraction it is suggestive that more attention is
being paid to ventilation than compressions. It is important to prevent hyperventilation.23–25
4.2. Resuscitation skill developmental milestones
In our initial study, third-year residents were equally unlikely to
perform key resuscitation maneuvers as ﬁrst-years. In response, we
created a two-hour training session to address these deﬁcits. Initially, we performed a 20-min simulation with a 40-min debrieﬁng
and then repeated that with a separate resuscitation topic. Unfortunately, we saw no improvement in performance. Neither the extra
training time nor the repeated exposure to the traditional curriculum was associated with improvement. As described above, we
ultimately discovered what we now call the RCDP method. After
exposure to the RCDP-FFM curriculum, our third year residents’
resuscitation skills were measurably better than the ﬁrst year residents.
The residents participate in the RCDP curriculum each time they
are on the general wards, i.e. several times per year for both ﬁrst and
third-years. These results suggest a positive dose response, which
we did not see with our traditional mock codes or with the initial
drafts of our curriculum. Of interest, second-years were noted to be
better than ﬁrst-years even though they had not had further RCDP
curriculum exposure. Anecdotally, second-year residents reported
after being exposed to RCDP several times during their ﬁrst-year,
they were prompted to do more self-directed learning, i.e. review
the deﬁbrillator, and take better advantage of training opportunities during in situ mock codes. The implication is these components
are synergistic. Resuscitation skills can and should be measured
with a requirement of incremental acquisition of competency, as
advocated by the ACGME’s Milestones Project.26 It is also important that we use our limited resources (i.e. health care dollars
and trainee time) effectively, by measuring the efﬁcacy of curricular efforts. Future discussion is warranted regarding which

Consistent with our previous analysis, PALS was not independently associated with time-to-deﬁbrillation performance. While
PALS has a clear impact on “knowing” what to do algorithmically,
as is evidenced by cognitive assessment during certiﬁcation, this
is not sufﬁcient to operationalize the content into actions during
clinical scenarios.27 However, it is possible our residents quickly
improved their skills during our RCDP-FFM curriculum because
they had already taken BLS and PALS; we hypothesize that these
courses are synergistic in achieving our results.
Therefore the key principles of RCDP described above (maximal
deliberate practice opportunities, overlearning and automatization
to create muscle memory, expert derived solutions with directed
feedback and fostering a psychologically safe environment) were
inherent in the design and implementation of the curriculum.

4.4. Limitations
First, we used high-ﬁdelity simulators, which not all residency
programs have. There are conﬂicting data on whether high and lowﬁdelity simulators have equivalent impact on learning.28,29 Our
design does not allow us to say high-ﬁdelity simulation was integral to our success. Second, more residents in the pre-intervention
group participated in the assessment. While quasi-selection bias
may have been induced (high-performers being more likely to participate), non-participation was due to scheduling conﬂicts, and
should not have systematically skewed our results. Third, baseline characteristics were assessed using cross-sectional data, thus
potential for recall bias exists. Fourth, while we describe a positive dose-response we did not gather attendance data sufﬁcient
to recommend a speciﬁc number of exposures or to deﬁne decay.
However, these issues are somewhat obviated given we teach in a
“just-in-time” manner. Residents carrying PRRT beepers have this
training when they are most likely to need the skills, i.e. repeated
booster shots. We have not yet identiﬁed a “saturation” curve that
would imply they no longer need repeated exposure. Finally, this
was a single site study and results may not be generalizable to other
institutions or other subject matter.

5. Conclusion
This study revealed the RCDP-FFM curriculum was associated
with improved performance by pediatric residents during sCPAs in
nearly all measures of resuscitation. Future investigation is needed
to see if RCDP-FFM is effective when implemented at other institutions and with other topic areas. Additionally, research is needed
to determine if the beneﬁts observed in simulation associated with
our intervention translate to clinical practice, thus reducing error,
improving performance, and ultimately saving lives of children
who require and deserve high quality resuscitation.
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