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Abstract

Introduction: Simulation training is central in preparing practitioners for code management that is free from patient harm." The
purpose of this study was to determine if using a high-fidelity simulator in pediatric code education would improve trainee confi-
dence and competency compared with the use of a traditional mannequin in the same setting. Methods: Fifty-third-year medical
students participated in Pediatric Advanced Life Support code training, including a mock code scenario. Students were randomized
into two groups and assigned to a simulator group: high-fidelity simulator (Group 1) or traditional mannequin (Group 2). To assess
competency, trainees were evaluated using a checklist of required verbalized items or performed during the mock code scenario. To
assess confidence, trainees completed pre- and postintervention confidence surveys, which were collected and compared. Results:
Both Group 1 and Group 2 reported increased overall confidence in code management upon completion of their training. Although
confidence increased universally, Group 1 reported increased confidence over that of Group 2 in three specific areas: ability to treat
respiratory arrest, ability to run a code, and knowledge of the Pediatric Advanced Life Support algorithm. Group 1 also demonstrated
increased competency in code management compared with Group 2 in four key code components: checking airway, checking
breathing, checking pulses, and checking capillary refill. Conclusions: Trainee confidence increases after completion of Pediatric
Advanced Life Support code training, regardless of simulator type utilized. However, trainees were more competent in code man-
agement when trained using a high-fidelity simulator compared with a traditional mannequin. (Pediatr Qual Saf 2021,6:€496; doi:
10.7097/pg9.0000000000000496; Published online December 15, 2021.)
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avoid climbing the learning curve on actual
live patients.” Although only a few healthcare
studies have shown improvements in patient outcomes
from simulation,®’ it is widely accepted that simula-
tion and patient safety are closely connected.’® The
aviation industry, as an example outside of healthcare,
has a very high safety record, and the use of avia-
tion simulators is a key factor in this success.>»'? As
David M. Gaba (a leader in anesthesiology simulation)
noted, “No industry in which human lives depend on
the skilled performance of responsible operators has
waited for the unequivocal proof of the benefit of sim-
ulation before embracing it.”!'" A simulation report
card related to patient safety showed strong evidence
for using simulation to teach skills and emerging evi-
dence that this reduces patient risk.”
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High-fidelity Simulators and Code Management

Simulation-based medical training today is increasingly
technologically advanced. Simulators produce realistic
physical examination findings, including heart and lung
sounds, pupillary dilation and constriction, cyanosis, and
seizure activity. High-fidelity simulators also allow the
performance of various procedures and interventions,
including tracheal intubation, intraosseous line place-
ment, urinary catheterization, umbilical catheterization,
and umbilical, arterial, and venous line placement, among
others. After these interventions are performed, simula-
tors can reflect real time changes in clinical condition.

Several publications reveal improved trainee confidence
following code education utilizing simulators. Many of
these publications are limited to the study of resident phy-
sician trainees and only report outcomes in trainee con-
fidence.!? Limited data exist on outcomes of both trainee
confidence and competency, especially when the trainees
are medical students.!

In this study, we provide medical students with pedi-
atric code education and mock code training, utilizing
both high-fidelity simulators and traditional manne-
quins. Several studies have looked at high versus low
fidelity with conflicting results. Some found no differ-
ence in results,'*" and one actually found high-fidelity
led to equal or lesser performance with overconfidence.'
Crofts, Grady, and Rodgers found high fidelity simula-
tion led to a better performance.'””" Importantly, Mills
concluded that the immersion and intensity of high-fidel-
ity simulation created additional cognitive burden with
significant educational merit.?* We hypothesize that both
trainee confidence and competency in the management
of pediatric code scenarios will increase when utilizing
high-fidelity simulators compared with using traditional
mannequins.

METHODS

We developed a multidisciplinary team consisting of a
fourth-year medical student, a pediatric resident phy-
sician, an attending pediatric hospitalist, an attend-
ing pediatric intensivist, an attending neonatologist, a
Pediatric Intensive Care Unit (PICU) transport nurse, and
a PICU clinical coordinator. This project was reviewed
by Marshall University’s Institutional Review Board and
granted exempt status (IRB # 883204).

Fifty ACLS-certified third-year medical students partic-
ipated in our study. Training was scheduled during the
first 4 weeks of the students’ 8-week pediatric block rota-
tion. Because the pediatric block rotation lasts 8 weeks,
and one educational session was held for each group of
rotating students, training was performed once every 8
weeks. Our study occurred over 8 months, during which
4 training sessions were held.

We randomized participating students through a com-
puter-generated randomization tool into one of the two
training groups. If randomized to Group 1, students
utilized a high-fidelity simulator (Gaumard Simulator
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Newborn Hal) during their code training. If randomized
to Group 2, a traditional mannequin was used (Laerdal
Medical Baby Anne). All trainees remained within their
assigned randomized group throughout the study.

Trainees began by attending a 1-hour pediatric code
lecture led by our pediatric intensivist. Our intensiv-
ist utilized the Pediatric Advanced Life Support (PALS)
algorithm to teach fundamental pediatric code manage-
ment. Both groups received the same lecture by the same
intensivist in an attempt to offset bias. The intensivist was
blinded to the group assignment of the participants.

Upon completion of the lecture, trainees partici-
pated in an additional 1-hour session of hands-on
mock-code training. During this portion of training,
Group 1 participants utilized their assigned high-fi-
delity simulator, and Group 2 utilized their assigned
traditional mannequin. Trainees practiced chest com-
pressions, tracheal intubation, and intraosseous line
placement during a standardized code scenario. Both
groups received the same orientation on where to lis-
ten for breath sounds, feel for pulses, etc. Group 1
was led by an attending pediatric hospitalist and an
attending pediatric intensivist, as these team mem-
bers were educated in operation of the high-fidelity
simulator. An attending neonatologist led Group 2,
along with assistance from a pediatric resident, PICU
transport nurse, and PICU clinical coordinator.

Upon training completion, students were evaluated
individually for competency in code management using
a challenging standardized code scenario (Fig. 1). The
evaluation consisted of a 11-item checklist of appro-
priate actions the trainees were expected to complete.
Each trainee received a checkmark for an item if the
appropriate action was verbalized or performed during
the scenario. Trainees completed their evaluations
utilizing their assigned simulator. Each group’s code
competency evaluations were led by the same team
members who performed their hands-on mock-code
training. Both groups completed the same standardized
code scenarios during their training and assessments to
minimize bias.

To measure trainee confidence in code management,
students completed a pre-and postintervention confidence
survey (Fig. 2). We utilized a published, nonvalidated
code confidence survey by Tofil et al, based on the work
of Cappella et al.?'*** This 14-question survey was scored
on a five-point Likert scale.

Data were analyzed with GraphPad Prism (v7.03) sta-
tistical software (GraphPad Software, La Jolla, Calif.).
Data from all four sessions were combined to create one
high-fidelity group and one low-fidelity group for analy-
sis. Competency evaluation results were tested between
the two different simulator groups, using the Fisher’s
exact test and 95% confidence interval. In doing so, we
evaluated trainee competency after completion of code
education, based on the simulator utilized (Table 1).
Pre- and post-code education survey questions were first
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Scenario: 10-month-old male presents lethargic.

10-month-old male presented to the ER with lethargy, now unresponsive. 2 day history
of fever, poor feeding, decreased UOP. Previously healthy. Immunizations unknown.

Interventions:
[] Medical History

Physical Examination

Vitals: T103 HR50 RR8 BP 5824 O, sat82% on RA

Gen: laying on bed, eyes closed
Lungs: decreased air movement
CV: bradycardic with poor perfusion

Abd: full, nontender. Decreased bowel sounds

Neuro: unresponsive

Interventions:
[] Check airway
[] Check breathing
[] Check pulses
[] Check cap refill
[] Start CPR
[] Place on O,

Physical Exam:

Vitals: T 103 HR 75 RR 20, with PPV via BVM, BP 60/28 O, sat 88% on O,

Lungs: Clear bilaterally
CV: HR improving, perfusion still poor.

Interventions:
[] Pre-oxygenate
[] Intubate

Physical Exam:

Vitals: T 103 HR 80 RR 30 via ETT PPV, BP 61/29 O, sat 90% on 100% O,

Lungs: clear and equal
CV: HR 80, poor pulses, and perfusion

Interventions:
[] Place 10
[] Give NS bolus (20 ml/kg)

Physical Exam:

Vitals: T102.6 HR 181 RR 30 with PPV BP 88/45 O, sat 96% on O,

Now CV: HR improved, cap refill 3

End of Scenario

Fig. 1. Code scenario used to measure trainee competency in code management.

analyzed within each group using a Wilcoxen signed
rank test with a 95% confidene interval (Table 2). This
evaluated the change in confidence within each group.
To evaluate the difference in confidence between the
two groups, both pre- and post-code education survey
questions were analyzed using the Mann-Whitney rank-
sum test and a 95% confidene interval (Table 3). We
chose to use nonparametric tests for these analyses for
their more conservative nature. We could not assume
that our data had a normal distribution due to the type
of survey used.

RESULTS

Of the 50 participating medical students, 27 students
were randomized to Group 1 and 23 students were ran-
domized to Group 2. Data of trainee competency revealed
improved competency in Group 1 over that in Group 2,
with statistically significant differences in four compo-
nents of the scenario checklist (Table 1).

Data of trainee confidence revealed confidence improve-
ment in both groups after training completion. This was
reflected in the postcode confidence survey, which resulted
in statistically significant improvements in every survey
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Pediatric Code Confidence Survey

SECTION A:

Using the scale below, please rate your items 1-4 below:

SCALE:
1 = strongly disagree
4 = somewhat agree

2 = somewhat disagree
5 = strongly agree

1. Codesscareme .............cooovvvniiniinnnnnnnn.
2. I need more knowledge about codes ............
3. I need more experience about codes ...........

4. Tknow the PALS algorithms

3 = neither agree nor disagree

[ S SR SO T OS]
W W W w
PN
h L Lh L

SECTION B:

Using the scale below, please rate your confidence in your ability to perform the various elements

of a code listed in items 1-10.

SCALE:
1 = not at all confident
4 = somewhat confident 5 = strongly confident

2 = somewhat non-confident

3 = neither confident nor non-confident

1. Ability to perform intubation in infants (0-1 yr)
2. Ability to perform intubation in toddlers (1-3 yr)...... 1
3. Ability to perform intubation in children (3-12 yr) .... 1
4. Ability to perform intubation in teens (13-18 yr) ...... 1
5. Ability to supervise/runacode ..................
6
7
8
9
1

. Ability to treat respiratory arrest
. Ability to treat seizures
. Ability to treat cardiac dysrhythmias

Ability to perform chest compressions ........

0. Ability to place an intraosseous line

Unique Identifier Number:

....... 1 2 3 4 5
2 3 4 5

2 3 4 5

2 3 4 5

........ 1 2 3 4 5
........ 1 2 3 4 5
........ 1 2 3 4 5
........ 1 2 3 4 5
......... 1 2 3 4 5
........ 1 2 3 4 5

Comments: (please comment on how mock codes can be better for your education)

Figure 2: Pre- and post-intervention survey used to measure trainee confidence in code

management

Fig. 2. Pre- and postintervention survey used to measure trainee confidence in code management.

question within each group when compared with the pre-
code education survey for that group (Table 2). Although
both groups reported increased confidence, Group 1’s
confidence improved more than that of Group 2 in three
of the surveyed areas (Table 3).

DISCUSSION

Physicians are expected to enter the setting of a patient code
confident in their knowledge of appropriate interventions

and competent in their ability to carry out those inter-
ventions. Because patient codes are unpredictable, it is
essential that physicians receive appropriate training
for adequate preparedness in these situations. However,
pediatric codes are more infrequent than adult codes, and
residents and students train under restricted work hours.
Therefore, there is less opportunity for education through
participation in live codes. This makes education through
mock-code scenarios essential. Not only can residents and
students learn and practice life-saving code interventions
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Table 1. Fisher Exact Test Comparing Completion of Sce-
nario Check-off Components in Group 1 versus Group 2

Group 1 [n=27] Group 2 [n =23]

WWW.pQS.Com

pediatric code management, regardless of the simulator
used. However, confidence in the ability to treat respira-
tory arrest, ability to run a code, and knowledge of PALS

Component (% Completed) (% Completed) p algorithms was in higher in the high-fidelity simulator
Medical history 21 (77.8) 21 (91.3) 02609  group than in the traditional mannequins group. We
Check airway 27 (100.0) 12 (52.2) <0.0001 - . -

Cheok breathing 57 (100.0) 19 (82.6) 0.0384 beheve perhaps th.e didactic tea.chmg abouF th@se three
Check pulses 26 (96.3) 11 (47.8) 0.0002 items was better reinforced by using a more life-like man-
Check capillary refil 21 (77.8) 5(21.7) 0.0002  pequin, whereas other confidence items such as place-
Start CPR 26 (96.3) 23(100.0)  >0.9999 . : : : .
Place on oxygen 26 (96.3) 23 (100.0) 20,9999 ment of an IO did not result in a different experience in
Pre-oxygenate 26 (96.3) 22 (95.7) >0.9999  the high-fidelity versus traditional groups. Although it is
Intubate 27 (100.0) 22 (95.7) >0.9999 likelv th dical d 1d b . d
Place intraosseous 27 (100.0) 23 (100.0) >0.9999  unlikely that a medical student would be running a code,
give saline bolus 27 (100.0) 23 (100.0) >0.9999  we believe their perceived increased confidence speaks

Bold values are statistically significant.

and procedure techniques, but they can do so without
jeopardizing patient safety in the process.

This education, however, is appropriate only if it pro-
duces more competent and confident trainees. Studies
previously identified improved confidence in resident phy-
sicians after code training completion. However, data on
trainee competence and the effect of training on medical
students are lacking. Therefore, this study aimed to deter-
mine if completion of code training utilizing a high-fidel-
ity simulator would improve medical students’ confidence
and competence compared with the use of a traditional
mannequin.

Our results indicate that completion of code train-
ing improved medical students’ overall confidence in

well of the value of their learning experience. Fortunately,
this increased confidence was accompanied by increased
competence in medical student code management con-
cerning checking airway, checking breathing, checking
pulses, and checking capillary refill using high-fidelity
simulators compared with traditional mannequins. These
four elements are essential assessment skills reinforced
when learning in an environment that is truly represen-
tative of changes in a child during physical deterioration.
Our study appears to show that learners who have prac-
ticed and seen subtle changes can improve short-term
competence and confidence. Further research is needed
to determine if they will translate these assessment skills
to real-life management, allowing them to provide safer
patient care.

High-fidelity simulators provide advantage over tradi-
tional mannequins, as simulators produce a life-like patient

Table 2. Intra-group Wilcoxon Signed Rank Comparison, Reporting Median (Inter Quartile Range (IQR))
Group 2 [n = 23]

Group 1 [n =27]

Pre-training Post-training Pre-training Post-training
Median Median Median Median
Survey Questions (IQR) (IQR) P (IQR) (IQR) P
4.00 2.00 4.00 3.00

Codes scare me (3.00, 5.00) (2.00, 4.00) 0.0007 (3.00, 4.00) (2.00, 4.00) 0.0327

Need more knowledge about codes 5.00 3.00 <0.0001 5.00 4.00 <0.0001
(4.00, 5.00) (8.00, 4.00) (4.00, 5.00) (2.00, 4.00)

Needs more experience with codes 5.00 4.00 0.0001 5.00 4.00 0.0006
(5.00, 5.00) (4.00, 4.00) (4.00, 5.00) (3.00, 4.00)

| know the PALS algorithms 2.00 4.00 <0.0001 1.00 3.00 <0.0001
(1.00, 2.00) (4.00, 4.00) (1.00, 2.00) (2.00, 4.00)

Ability to perform intubation infants 2.00 4.00 <0.0001 2.00 4.00 <0.0001

(0-1y) (1.00,2.00) (4.00, 4.00) (1.00, 3.00) (3.00, 4.00)

Ability to perform intubation toddlers 2.00 4.00 <0.0001 2.00 4.00 <0.0001

(1-3y) (1.00, 3.00) (8.00,4.00) (1.00, 3.00) (8.00, 4.00)

Ability to perform intubation children 2.00 4.00 <0.0001 2.00 4.00 <0.0001

(B3-12vy) (1.00, 3.00) (3.00, 4.00) (1.00, 3.00) (3.00, 4.00)

Ability to perform intubation teens 2.00 4.00 <0.0001 2.00 4.00 <0.0001

(13-18y) (1.00, 3.00) (4.00, 4.00) (1.00, 3.00) (3.00, 4.00)

Ability to supervise/ run code 1.00 3.00 <0.0001 1.00 3.00 0.0005
(1.00, 2.00) (8.00, 4.00) (1.00, 2.00) (1.00, 4.00)

Ability to treat respiratory arrest 2.00 4.00 <0.0001 2.00 3.00 <0.0001
(1.00, 2.25%) (4.00, 4.00) (1.00, 3.00) (3.00, 4.00)

Ability to treat seizures 2.00 3.00 0.0002 2.00 3.00 0.0013
(2.00, 3.00) (2.00, 3.00) (1.00, 3.00) (2.00, 4.00)

Ability to treat cardiac dysrhythmias 2.00 3.00 0.0049 2.00 3.00 0.0003
(2.00, 3.00) (8.00, 4.00) (1.00, 3.00) (2.00, 4.00)

Ability to perform chest compressions 4.00 5.00 0.0010 4.00 5.00 0.0071
(8.00, 5.00) (4.00, 5.00) (8.00, 5.00) (4.00, 5.00)

Ability to place intraosseous line 1.00 4.00 <0.0001 1.00 4.00 <0.0001
(1.00, 2.00) (4.00, 5.00) (1.00, 2.00) (3.00, 5.00)

Bold values are statistically significant.
*One student did not answer this question in Group 1.
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Table 3. Inter-group Mann-Whitney Rank Sum Comparison, Reporting Median (Inter Quartile Range (IQR))

Pre-training Post-training
Group 1 Group 2 Group 1 Group 2
[n=27] [n=23] [n=27] [n=23]
Median Median Median Median
Survey Questions (IQR) (IQR) P (IQR) (IQR) P
4.00 4.00 2.00 4.00
Codes scare me (3.00, 5.00) (3.00, 4.00) 0.7185 (2.00, 4.00) (3.00, 4.00) 0.1237
Need more knowledge about codes 5.00 5.00 0.5187 3.00 5.00 0.3336
(4.00, 5.00) (4.00, 5.00) (3.00, 4.00) (4.00, 5.00)
Needs more experience with codes 5.00 5.00 0.7333 4.00 5.00 0.7796
(5.00, 5.00) (4.00, 5.00) (4.00, 4.00) (4.00, 5.00)
| know the PALS algorithms 2.00 1.00 0.8990 4.00 1.00 0.0334
(1.00, 2.00) (1.00, 2.00) (4.00, 4.00) (1.00, 2.00)
Ability to perform intubation infants 2.00 2.00 0.5540 4.00 2.00 0.2262
0-1y) (1.00,2.00) (1.00, 3.00) (4.00, 4.00) (1.00, 3.00)
Ability to perform intubation toddlers 2.00 2.00 0.8938 4.00 2.00 0.3525
(1-3y) (1.00, 3.00) (1.00, 3.00) (8.00,4.00) (1.00, 3.00)
Ability to perform intubation children 2.00 2.00 0.8058 4.00 2.00 0.3333
(3-12vy) (1.00, 3.00) (1.00, 3.00) (3.00, 4.00) (1.00, 3.00)
Ability to perform intubation teens 2.00 2.00 0.7991 4.00 2.00 0.2115
(13-18y) (1.00, 3.00) (1.00, 3.00) (4.00, 4.00) (1.00, 3.00)
Ability to supervise/run code 1.00 1.00 0.7172 3.00 1.00 0.0239
(1.00, 2.00) (1.00, 2.00) (3.00, 4.00) (1.00, 2.00)
Ability to treat respiratory arrest 2.00 2.00 0.6343 4.00 2.00 0.0125
(1.00, 2.25%) (1.00, 3.00) (4.00, 4.00) (1.00, 3.00)
Ability to treat seizures 2.00 2.00 0.4724 3.00 2.00 0.7665
(2.00, 3.00) (1.00, 3.00) (2.00, 3.00) (1.00, 3.00)
Ability to treat cardiac dysrhythmias 2.00 2.00 0.1525 3.00 2.00 0.4245
(2.00, 3.00) (1.00, 3.00) (3.00, 4.00) (1.00, 3.00)
Ability to perform chest compressions 4.00 4.00 0.8878 5.00 4.00 >0.9999
(8.00, 5.00) (3.00, 5.00) (4.00, 5.00) (3.00, 5.00)
Ability to place intraosseous line 1.00 1.00 0.5502 4.00 1.00 0.1023
(1.00, 2.00) (1.00, 2.00) (4.00, 5.00) (1.00, 2.00)

Bold values are statistically significant.
*One student did not answer this question in Group 1.

with a real-time change in clinical condition. This creates
an educational environment that closely mimics a live pedi-
atric code. For example, it seems that actually seeing the
mannequin become apneic and cyanotic impacts the learner
differently than just being told, “Your patient has stopped
breathing, and the oxygen saturation has dropped.” We
believe this authentic replication underlies improved trainee
competence and confidence. With the literature being con-
troversial regarding high versus low fidelity, our study pro-
vides another important piece in addressing this knowledge
gap. Interestingly, a consistent finding in literature is that
there is a preference for the use of high-fidelity simulation.?*
Perhaps learner preference for being taught using high-fi-
delity simulation may be a factor in improving performance
because of increased engagement in the learning process.

This study evaluated medical student confidence and
competence immediately following completion of code
training utilizing either a high-fidelity simulator or a tra-
ditional mannequin. We did not re-evaluate trainee con-
fidence and competence and, therefore, cannot report
data on the sustainment of these improvements in code
management. Prior studies report that CPR skills begin to
diminish as quickly as 2 weeks after training and continue
to decline, reaching pretest levels by 1-2 years post-train-
ing.?>?%2 Therefore, we see that maintaining trainee con-
fidence and competence in code management is necessary
and an opportunity for future research.

In addition to the lack of addressing sustainability,
our study has several limitations. While the same indi-
vidual provided the initial 1-hour pediatric code lecture
to each group, different individuals provided the second
hands-on 1-hour training session opening the possibility
of different teaching styles and abilities. Furthermore, the
selection of instructor choice was based on familiarity
with operating the high-fidelity simulator, but the assign-
ment may not have been equitable because neonatologists
use PALS less often than intensivists and hospitalists.
There was no analysis to assess interrater reliability for
competency evaluation between evaluators for Group 1
and Group 2. This was partially mitigated by the items
for evaluation that were entirely objective; for example
whether or not someone started CPR or placed oxygen
was a binary yes or now.

The confidence survey, while previously published, was
not validated. Even though we found statistically sig-
nificant results, they may not be clinically relevant. The
study was performed in a simulation setting only, and
further study is needed to reveal how real-world practice
is impacted. There is also the potential for measurement
bias. The students in the high-fidelity group may have
expected a better experience and therefore answered the
confidence questions higher on the survey.

By identifying opportunities for improvement in med-
ical education, utilizing advanced technology within this
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education, and determining ways in which to sustain
subsequent trainee knowledge, we are in turn working
toward our global aim of safer patient care. Although
we acknowledge that skills learned in a medical school
will need constant reinforcement to achieve our aim, we
believe that it is essential to begin training early to lay
the groundwork for teamwork, communication, and sit-
uational awareness. Helping students develop these skills
earlier in their training provides a benefit for future train-
ing and safer patient care in the clinical setting as resident
physicians.
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