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T racheal intubation in the pedi-
atric intensive care unit
(PICU) is often performed on
critically ill children in emer-

gency situations. It is an essential part of
stabilization and resuscitation in cases of

acute respiratory failure, shock, or acute
neurologic failure. The risks of tracheal
intubation, however, are well described in
adults and children with unstable condi-
tions (1–8). Some of the specific tracheal
intubation-associated complications that

can occur are esophageal intubation, main-
stem bronchial intubation, hypotension, or
cardiac arrest in the worst scenario. Al-
though many of those complications are
clearly associated with patient-specific an-
atomical and physiologic conditions, com-
plications are potentially preventable or at
least modifiable when the individual airway
provider skills and the bedside airway team
skills are excellent.

Airway management skill training is
critically important for PICU staff, in-
cluding the rotating residents (9, 10).
This critical skill includes several key
components: recognition of impending
respiratory failure, provision of effective
bag-valve-mask ventilation with oxygen,
preparation for tracheal intubation, an-
ticipation of and preparation for potential

Objective: Tracheal intubation in the pediatric intensive care
unit is often performed in emergency situations with high risks.
Simulation has been recognized as an effective methodology to
train both technical and teamwork skills. Our objectives were to
develop a feasible tool to evaluate team performance during
tracheal intubation in the pediatric intensive care unit and to
apply the tool in the clinical setting to determine whether multi-
disciplinary teams with a higher number of simulation-trained
providers exhibit more proficient performance.

Design: Prospective, observational pilot study.
Setting: Single tertiary children’s hospital pediatric intensive

care unit.
Subjects: Pediatric and emergency medicine residents, pedi-

atric intensive care unit nurses, and respiratory therapists from
October 2007 to June 2008.

Interventions: A pediatric intensive care unit on-call resident,
a pediatric intensive care unit nurse, and a respiratory therapist
received simulation-based multidisciplinary airway management
training every morning. An assessment tool for team technical
and behavioral skills was developed. Independent trained observ-
ers rated actual intubations in the pediatric intensive care unit by
using this tool.

Measurements and Main Results: For observer training, two
independent raters (research assistants 1 and 2) evaluated a total of
53 training sessions (research assistant 1, 16; research assistant 2,
37). The correlation coefficient with the facilitator expert (surrogate
standard) was .73 for research assistant 1 and .88 for research
assistant 2 (p < .001 for both) in the total score, .84 for research
assistant 1 and .77 for research assistant 2 (p < .001 for both) in the
technical domain, and .63 for research assistant 1 (p � .009) and .84
for research assistant 2 (p < .001) in the behavioral domain. The
correlation coefficient was lower in video-based observation (.62 vs.
.88, on-site). For clinical observation, 15 intubations were observed in
real time by raters. The performance by a team with two or more
simulation-trained members was rated higher compared with the
team with fewer than two trained members (total score: 127 � 6 vs.
116 � 9, p � .012, mean � SD).

Conclusions: It is feasible to rate the technical and behavioral
performance of multidisciplinary airway management teams during
real intensive care unit intubation events by using our assessment
tool. The presence of two or more multidisciplinary simulation-
trained providers is associated with improved performance during
real events. (Pediatr Crit Care Med 2011; 12:000–000)
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complications, effective placement of the
tracheal tube, confirmation of correct
placement with primary and secondary
techniques, and securing the tracheal
tube. Acquisition and retention of this
important skill are a challenge for train-
ees and practitioners in all disciplines
(physicians, nurses, and respiratory ther-
apists) because of limited training oppor-
tunities, highly variable educational
methods, and a lack of standardized
training goals and objectives (11). A re-
cent report showed tracheal intubation
occurs only once in 2–3 days in a busy
tertiary PICU, and pediatric residents
were the primary operators in only 28%
of initial orotracheal intubations (12).
Emergency advanced airway manage-
ment in PICU is typically performed by an
ad hoc airway team (team members are
not fixed) comprised of physicians,
nurses, and respiratory therapists. This
makes team training more challenging.
Furthermore, the psychomotor skills are
known to decay over time and require
refresher training to retain provider com-
petence (13–16).

Simulation-based medical education
has been used to improve technical skill
and behavioral (teamwork) skill perfor-
mance in clinical settings (17–19). Simula-
tion offers trainees the opportunity to have
repeated practice and experimentation in a
controlled and safe learning environment.
The use of a realistic, computerized mani-
kin simulator has allowed trainees to prac-
tice basic and advanced airway skills. Sev-
eral studies confirmed that simulation-
based airway management training is
realistic and effective to improve provider
technical skills (20–22). Overly et al (20)
showed that the success rate for pediatric
resident intubation attempts on manikins
was 56%, and the success rate for these
residents on children in the emergency de-
partment was 50%. Hall et al (21) demon-
strated that the intense manikin intubation
training was as effective as training on ac-
tual patients to achieve technical skill com-
petence.

Based on that knowledge, we previ-
ously designed and implemented a just-
in-time (JIT) multidisciplinary advanced
pediatric airway management training
simulation program. This program uses
pediatric patient simulators and facilita-
tors to train a portion of the PICU airway
management team members (an on-call
PICU physician resident, a PICU nurse,
and a respiratory therapist) to a standard-
ized methodology for airway manage-
ment. The objective of this training is to

better prepare the team members for air-
way management situations that may
arise in the PICU during the subsequent
resident on-call duty or during the next
nurse or respiratory therapist shift. Both
technical and behavioral skills are sys-
tematically addressed, scored, and video-
taped during the brief simulation sce-
nario and debriefing.

Our primary aim in this pilot study was
to evaluate the feasibility of implementing
our newly developed simulation task-based
scoring tool to evaluate the team perfor-
mance during real tracheal intubations in
the PICU. Our secondary aim was to eval-
uate the effectiveness of our simulation
program team training on actual perfor-
mance in real clinical settings by using
trained observers. We hypothesized that the
bedside team performance evaluation by
using our task-based scoring system would
be feasible and that teams with more sim-
ulation-trained providers would exhibit
more proficient technical and behavioral
skill performance.

MATERIALS AND METHODS

Subjects and Study Design

This pilot prospective, observational study
was conducted in the PICU at The Children’s
Hospital of Philadelphia. This PICU is a 45-bed
tertiary PICU staffed with 20 faculty, 15 pediatric
critical care medicine fellows, and approximately
150 nurses. At least four respiratory therapist

staffs are always on duty in the unit. The insti-
tutional review board approved the study, and it
was conducted in compliance with the Health
Insurance Portability and Accountability Act.

During the study period (June 2007 to Au-
gust 2008), a PICU on-call resident (postgrad-
uate year: PGY1-3 pediatric residents and
PGY3-4 emergency medicine residents), a
PICU nurse, and a respiratory therapist re-
ceived a brief simulation-based multidisci-
plinary JIT airway management training ses-
sion every morning from 6:30 AM to 7:00 AM.
The details of the training are described in the
simulation section below. On-call residents
who participated in the training stayed on
service for the next 30 hrs. Many PICU nurses
and respiratory therapists participated in the
training at the end of their shift, but many of
them returned in 12 hrs for the next shift.
During the 14 months, a total of 202 JIT
training sessions were conducted for 54 pedi-
atric and 24 emergency medicine residents
(each provider’s median number of JIT ses-
sions was 3, with a range from 1 to 6), 122
PICU nurses (each provider’s median number
of JIT sessions was 1, with a range from 1 to
6), and 65 respiratory therapists (each provid-
er’s median number of JIT sessions was 2, with
a range from 1 to 10). The study design is
presented in Figure 1.

Development of Assessment
Tool and Rater Training

Our task-based team evaluation scale for pe-
diatric intubation outside the operation room
was developed by using the healthcare failure

Figure 1. ●●●.
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mode and effect analysis approach (23, 24). Us-
ing the healthcare failure mode and effect anal-
ysis, we identified important processes and sub-
processes necessary for safe advanced airway
management in the PICU and developed an eval-
uation tool. Based on the risk priority score
assigned by the healthcare failure mode and ef-
fect analysis, the team assigned an item-specific
weight to each item and named the tool as the
JIT pediatric airway provider performance scale
(JIT-PAPPS). After piloting, evaluating, and ad-
justing this prototype JIT-PAPPS tool with
trained raters by using both videotaped and live
simulation training events, the scale was refined,
and JIT-PAPPS version 3 was finally developed
(Appendix 1).

The JIT-PAPPS version 3 consists of two
domains: a technical domain consisting of 14
items and a behavioral domain consisting of
20 items. This categorization was accom-
plished by expert group consensus based on
the teamwork conceptual model by Flin and
Maran (25) and Fletcher et al (26). Scores were
calculated by a weighted sum of the technical
and behavioral domains, and the total score
represents the composite sum of weighted
scores of both domains. The maximum possi-
ble technical domain score is 62: the behav-
ioral domain maximum is 80, and the total
score maximum is 142. In this study we as-
sessed inter-rater reliability between an expert
facilitator and two trained raters (research as-
sistants [RAs]). The expert facilitators were
healthcare providers with extensive pediatric
advanced airway management experience who
were involved in the development and refine-
ment of this JIT-PAPPS and operational defi-
nitions, and also functioned as facilitators of
the training. They consisted of three pediatric
critical care attending physicians, one neona-
tology fellow, and one PICU respiratory ther-
apist educator. The experts rated the team
performance immediately after each training
session on site, while RAs rated approximately
20% of the performance via video review. Once
inter-rater reliability statistics were estab-
lished, actual PICU intubations were observed
by one of the two trained raters (RAs) with
JIT-PAPPS version 3.

Multidisciplinary Simulation-
Based Airway Management
Team Training

The JIT pediatric advanced airway manage-
ment training occurred in the morning from
6:30 AM to 7:00 AM on weekdays except Thurs-
day, in a videotaped simulation training room
within our PICU. The training room was con-
figured to be identical to the patient rooms.
JIT training consisted of two parts: 1)
hands-on training for the incoming, on-call
resident with bag and mask ventilation skills
and orotracheal intubation skills by using a

pediatric (5-yr-old) manikin (MegaCode Kid,
Laerdal, Wappingers Falls, NY), and 2) brief,
standardized scenario-based team training
with a high-fidelity human infant (6 – 8
months) simulation manikin (SimBaby, Laer-
dal, Stavanger, Norway) in respiratory failure,
which requires bag and mask ventilation and
orotracheal intubation, followed by a scripted
short debrief using JIT-PAPPS as a checklist.
For this second part, the team received simu-
lation-based airway management training us-
ing a whole-body simulator (Appendix 2). The
team performance during JIT training ses-
sions was rated by two trained independent
reviewers with specific rating criteria and op-
erational definitions blinded to the partici-
pant’s background.

Clinical Observations of PICU
Intubation Events

A convenience sample of actual intuba-
tions that occurred in the PICU in human
patients during the workday (from 8 AM to 5
PM) was observed by one of the two RAs (RA1
or RA2) to evaluate the team performance by
using JIT-PAPPS version 3. The RA was alerted
on an airway pager for a potential intubation
by unit staff. In this study, we defined an
actively participating physician(s), nurse(s),
and respiratory therapist(s) in advanced air-
way management as airway team members.
The trained observer was not considered an
airway team member. The training status of
each member of the emergency airway team
was confirmed by the JIT training database.
We hypothesized a priori that the team per-
formance with more than one JIT-trained
member present would be better than when
only one or no JIT-trained member was
present. This was based on the assumption
that two trained providers are necessary to
improve communication that is critical for
better team performance and task completion.

We excluded the data from the existing
change-of-tube (oral to nasal) intubations be-
cause the procedure and sense of urgency
were perceived differently from primary oro-
tracheal intubation, and the JIT training fo-

cused on primary orotracheal intubation pro-
cedures. We also evaluated the clinical
outcome of the airway management. Here,
overall intubation success was defined by the
criteria of having two or fewer attempts at an
orotracheal intubation because more than two
intubation attempts are associated with worse
outcomes for in-hospital settings (5, 6). The
incidence of adverse tracheal intubation-
associated events (Table 1) during airway
management was also used as the clinical out-
come (2, 11, 12).

The actual intubation process and out-
come data were collected by the National
Emergency Airway Registry for Kids adapted
from the National Emergency Airway Registry
format, an established multicentered adult
and pediatric emergency department intuba-
tion registry (3, 27, 28). The data include pa-
tient and practitioner information, indication,
difficult airway evaluation, intubation events
(including complications), and tracheal intu-
bation success. The data collection form was
filled out by one of the airway team members
during and immediately after the intubation
and was cross-checked by a designated respi-
ratory quality improvement officer within 24
hrs of the event. The use of the quality im-
provement data for this study was also ap-
proved by the institutional review board.

Statistical Analyses

Inter-rater reliability was calculated from
the scores by two independent RAs and by the
expert facilitator from the JIT training ses-
sions. The actual PICU intubation airway team
performance score was compared between
teams with two or more JIT-trained members
vs. zero or one JIT-trained member(s). Linear
regression was also applied to evaluate the
effect size of the number of JIT simulation-
trained providers on the measured team per-
formance score. After the normality of the
training score was confirmed from all JIT
training sessions, the descriptive statistics
with mean � SD were calculated. Categorical
variables were analyzed with a contingency
table method by using Fisher’s exact test. The

Table 1. List of predefined tracheal intubation-associated events

Event Issue

Cardiac arrest—patient died Epistaxis
Cardiac arrest—patient survived Dental or lip trauma
Main stem intubation Laryngospasm
Esophageal intubation, immediate recognition Malignant hyperthermia
Esophageal intubation, delayed recognition Medication error
Vomit with aspiration Pneumothorax/pneumomediastinum
Vomit but no aspiration Direct airway injury
Hypotension, needs intervention (fluids/pressors) Dysrhythmia
Hypertension, requiring therapy Pain/agitation, requiring additional medications

and delay in intubation
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unpaired t test was used to compare two para-
metric variables. Pearson’s correlation coeffi-
cient was used for inter-rater reliability statis-
tics. A two-tailed test with p � .05 was used as
the statistically significant cutoff. STATA 10.0
(Stata SE, College Station, TX) was used for
analysis.

RESULTS

Inter-Rater Reliability for
Independent Raters of
Simulated Events

A total of 53 JIT training team perfor-
mances were evaluated by two RAs (RA1,
16 training sessions; RA2, 37 training ses-
sions) with JIT-PAPPS version 3.

There were ten JIT training sessions
(RA1, eight sessions; RA2, two sessions)
that were scored by video analysis and 43
sessions (RA1, eight sessions; RA2, 35
sessions) scored by direct observation.
The correlation coefficients with the ex-
pert were RA1, .73 (p � .001) and RA2,
.88 (p � .001) in total score; RA1, .84
(p � .001) and RA2, .77 (p � .001) in the
technical domain; and RA1, .63 (p �
.009) and RA2, .84 (p � .001) in the
behavioral domain. Comparing the video-
based evaluation to the direct observa-
tion, the correlation coefficient of total
scores was lower in video-based observa-
tion (.62 vs. .88). This difference came
from the poor correlation coefficient in

the behavioral domain (technical do-
main: .73 vs. behavioral domain: .34).

Evaluation of Real Intubations
in the PICU

A total of 15 primary orotracheal pe-
diatric intubations were observed by in-
dependent raters (RA1, 4; RA2, 11) in the
PICU. The characteristics and outcomes
of each actual intubation observed in the
PICU are illustrated in Table 2. Data from
12 of 15 patients were available. The me-

dian (interquartile range) age of the pa-
tients intubated in this study was 26
months (interquartile range: 17.3–75
months), and the most common indica-
tion was respiratory failure (n � 6), fol-
lowed by an elective procedure (n � 5)
(Table 3). Three patients had anticipated
difficult airway components (one had a
history of difficult airway with limited
neck motion, one had limited mouth
opening, and the other had a history of
surgically repaired trachea). Six residents
(four PGY2, two PGY3), and ten fellows

Table 2. Airway team performance outcome

Airway
Team

Just-in-Time–Trained
Team Members, n

Previous Just-in-Time Traininga, n

First Attempt
Success

Overall
Successb

Tracheal
Intubation-Associated

Eventsc, n IntubatorResident
Registered

Nurse
Respiratory
Therapist

1 0 No No 0 NP/register-ed nurse tried two
times then Fellow

2 0 No Yes 1d Resident then Fellow
3 1 2 Yes Yes 0 Fellow
4 1 3 No Yes 0 Resident then Fellow
5 1 1 No No 0 Fellow tried twice then

Anesthesia
6 1 4 Yes Yes 0 Resident
7 2 2 2 No Yes 0 Fellow
8 2 1 3 Yes Yes 0 Resident
9 2 1 7 Yes Yes 0 Fellow

10 2 2 1 Yes Yes 0 Fellow
11 3 2 1 3 Yes Yes 0 Resident
12 3 1 2, 4 No No 0 Attending
13 3 1, 1 4 Yes Yes 0 Fellow
14 3 1 4, 7 Yes Yes 0 Fellow
15 4 3 1, 2 3 Yes Yes 0 Resident

aEach number indicates one clinical provider’s experience. For example, in team 12, there were two respiratory therapists; boverall success is defined
as intubation success within two attempts; csee Table 1; dmainstem intubation with delayed recognition. Note: This table is sorted by number of
just-in-time–trained team members.

Table 3. Patient characteristics

Team
Number Age

Weight
(kg) Indication

History of
Difficult Airway

Feature of
Difficult Airway

1 1 yr 4 mos 11 Hypoxia, hypercarbia No No
2 11 mos 10.5 Hypercarbia No No
3 1 yr 10 mos 13 Procedure No Limited mouth opening
4 1 yr 11 Procedure No No
5 n/a n/a n/a n/a n/a
6 3 mo 4.3 Procedure No No
7 2 yrs 8 Unplanned extubation No No
8 18 yrs 78 Hypercarbia No No
9 16 yrs 65 Hypercarbia, unstable

hemodynamics
No No

10 1 yr 7 mos 8.3 Unstable hemodynamics No No
11 n/a n/a Procedure No No
12 5 yrs 14 Hypoxia, Hypercarbia Yes Limited neck mobility,

small jaw, large tongue
13 7 yrs 19 Upper airway obstruction No Surgically repaired trachea
14 6 yrs 23 Hypoxia No No
15 n/a n/a n/a n/a n/a

n/a, Data not available.
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(four PGY4, three PGY5, and three PGY6)
participated as airway team members.
Nine bedside airway teams had two or
more JIT-trained team members, while
six airway teams had fewer than two JIT-
trained team members. The airway teams
with two or more JIT-trained team mem-
bers scored significantly higher com-
pared with the airway teams with fewer
than two JIT-trained team members for
operational performance during actual
intubations: 127 � 6 vs. 116 � 9 (p �
.012) in total score; 56 � 4 vs. 52 � 5
(p � .131) in the technical domain, and
71 � 5 vs. 64 � 7 (p � .057) in the
behavioral domain (Table 4). Linear re-
gression analysis showed the airway team
performance score was significantly asso-
ciated with the number of team members
who previously participated in JIT train-
ing session (� coefficient 4.1 � 1.7, p �
.032, F(1,13) � 5.76, r2 � .307). This in-
dicates that one additional JIT-trained
provider added to the airway team would
improve the score by 4 points.

The overall intubation success rates
with fewer than three attempts were
89% for the team with two or more
JIT-trained team members vs. 67% for
the team with fewer than two JIT-
trained members, which was not differ-
ent (Fisher’s exact test, p � .525). Air-
way teams with two or more JIT-trained
members experienced no unwanted tra-
cheal intubation-associated events
(zero of nine), while teams with fewer
than two JIT-trained members experi-
enced one event (one of six) (p � .400).

DISCUSSION

This is the first study to systematically
evaluate the effect of brief, simulation-
based multidisciplinary team training on
airway team performance during real tra-
cheal intubations on patients in a tertiary
PICU. The feasibility of using evaluation

tools (JIT-PAPPS) and real-time direct
observers trained during realistic in situ
manikin simulations of the critical event
was pioneered. The consistency of the
inter-rater reliability and transference be-
tween simulated and real critical events
supports the feasibility of this innovative
approach.

Airway teams with two or more JIT
simulation-trained team members per-
formed significantly better compared
with the teams with fewer than two JIT
simulation-trained team members. There
was also a statistically significant associ-
ation between the number of simulation-
trained team members and clinical per-
formance. This finding suggests that
brief, JIT simulation-based multidisci-
plinary training can improve team pro-
cess of care and operational performance
outcomes during tracheal intubation
events in the PICU. The proportion of
intubations with tracheal intubation-
associated events, however, did not show
a statistically significant difference
among those performed by the airway
teams with two or more JIT simulation-
trained members and those by the teams
with fewer than two JIT-trained mem-
bers. This study was conducted as a pilot
observational study and was not designed
to power for clinical outcomes. These
findings are based on a small number of
events and warrant confirmation in a
larger, prospective study.

Simulation-based education has its in-
nate strength in multidisciplinary team
training in the acute care setting, such as
resuscitation, trauma, or sepsis (29–34).
Although many studies have shown the
effectiveness of multidisciplinary simula-
tion-based education to improve crisis re-
source management, communication,
and cognitive and psychomotor skill
competence in simulation settings, this
study is one of the few to demonstrate the

transference of improved operational per-
formance during simulation-based team
training to improved operational perfor-
mance during real clinical interventions
with patients (17–19, 35). This is a criti-
cal step toward improving patient out-
comes with simulation-based interven-
tion.

Designing and conducting a prospec-
tive clinical trial that seeks to determine
the impact of simulation-based multidis-
ciplinary team training on safety out-
comes during low-frequency clinical
events are challenging because 1) the
number of possible multidisciplinary simu-
lation- training exposures is limited by lo-
gistic difficulties of setting up, gathering
the multidisciplinary team members, and
running the courses; 2) the low frequency
of certain events of interest (intubation,
cardiac arrest, etc.) renders them difficult
to study well, and 3) owing to the ad hoc
nature of team assembly in the healthcare
setting, clinicians may reassemble in such a
way as to exclude simulation-trained pro-
viders, and include nontrained providers,
thus diluting the impact of prior simula-
tion training. We will discuss these three
challenges further.

The sample size calculation for simu-
lation-based multidisciplinary educa-
tional intervention was potentially prob-
lematic in our study for two reasons.
First, the number of interventions might
have been limited. The simulation-based
multidisciplinary training can be labor
and time intensive to gather facilitators
and trainees and to conduct a reasonable
simulation scenario followed by effective
debriefing. The logistics to provide the
team training in a consistent manner is
challenged when the multidisciplinary
team members are the medical providers
in acute patient care areas such as emer-
gency departments or intensive care
units, even though these are the provid-

Table 4. Airway team performance sorted by number of just-in-time–trained members in a team on pediatric intensive care unit intubation

Just-in-Time
Members in Team, n Intubations, n

Total
Scores Technical Behavioral

Overall
Success (%)

First Attempt
Success (%)

Tracheal Intubation-Associated
Eventsg, n

0 2 123 52.5 70.5 50 (1/2) 0 1
1 4 112.75 52.25 60.5 75 (3/4) 50 (2/4) 0
2 4 125 53.25 71.75 100 (4/4) 75 (3/4) 0
3 4 127 58 69 75 (3/4) 75 (3/4) 0
4 1 135 62 73 100 (1/1) 100 (1/1) 0
�2 Trained members 6 116 � 9 52 � 5 64 � 7 67 (4/6) 33 (2/6) 1
2 Trained members 9 127 � 6a 56 � 4b 71 � 5c 89 (8/9)d 78 (7/9)e 0f

Mean � SD; p is based on comparison between a team with fewer than two trained members vs. more than two trained members; ap � .012, t test; bp �
.13, t test; cp � .057, t test; dp � 1.0, Fisher’s exact test; ep � .14, Fisher’s exact test; fp � .4, Fisher’s exact test; gsee Table 1.
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ers who would get most benefit from
multidisciplinary team training. In our
study, multidisciplinary simulation train-
ing was held in the morning from 6:30 AM

to 7:00 AM on weekdays, since this is the
only time that participants from all three
disciplines (residents, nurses, and respi-
ratory therapists) could reliably attend.
Our simulation training needed to finish
on time, because the nursing sign-out
was expected to start at 7:00 AM.

Secondly, actual clinical emergency
events such as resuscitation or tracheal
intubation do not occur as a daily basis.
Even in our busy PICU, one of the largest
tertiary care centers in the United States,
primary tracheal intubation occurs only
once in 2–3 days (12). While this justified
a JIT simulation-based team training ap-
proach to prepare for uncommon, unex-
pected emergencies, it made the actual
clinical evaluation more difficult due to a
limited sample size. One potential ap-
proach for this challenge is to develop
and use a reliable and valid process mea-
surement tool to evaluate these clinical
events. In our study we developed and
piloted JIT-PAPPS to evaluate the multi-
disciplinary team’s clinical performance.
Our data suggest that using direct obser-
vation by trained RAs and JIT-PAPPS to
evaluate the actual pediatric airway man-
agement is feasible to evaluate the simu-
lation-based team training effect in both
simulated and real clinical settings. One
caveat for this approach is that it is nec-
essary to develop a clinically meaningful
difference on the scale using a reference
standard. Our future studies should ad-
dress this issue by using JIT-PAPPS. Once
this is established, a hypothesis-testing
prospective study can be designed with a
sufficient power to detect this minimally
clinically meaningful difference. Another
potential approach is to develop a multi-
centered collaborative to increase the
sample size.

The dilution of training effect is an-
other potential challenge for multidisci-
plinary team training approaches in the
acute care setting. During a medical
emergency, the bedside clinical teams
typically consist of mixtures of trained
and untrained practitioners (ad hoc
team). This means that trained team
members who rehearse together during
simulated procedures do not necessarily
participate together with the same team
during real procedures. Furthermore,
while PICU residents underwent JIT sim-
ulation training for the laryngoscopist
role, only 35% of all PICU intubations

during the study period were actually
performed by residents as laryngoscopists
because of the attending physician and
PICU fellow’s assessment of the patient’s
anatomical and physiologic appropriate-
ness for trainee intubation attempts. One
potential approach would be to minimize
the duration between the training and bed-
side procedure by providing a bedside JIT,
just-in-place simulation-based education as
a rehearsal. This would mitigate the dis-
crepancy between the trained vs. actual air-
way team members (e.g., mitigate the ad
hoc team effect). Another potential ap-
proach would be to train all of the potential
team leaders and laryngoscopists, not just
the resident trainees as laryngoscopists.
These logistic approaches have been piloted
in trauma team resuscitation and in an
in-hospital adult cardiopulmonary resusci-
tation (35, 36).

There are very few studies that have
attempted to show the clinical impact of
simulation-based training in real acute
care settings. Knudson et al (36) reported
that simulation-based trauma resuscita-
tion education for surgical residents im-
proved the crisis management skills dur-
ing real trauma resuscitation. Eighteen
midlevel surgical residents were random-
ized to receive five training sessions (a
total of 10 hrs) of either lectures or sim-
ulation-based training. Cognitive skills
were evaluated by written post-test, and
both groups performed equally well (lec-
ture group: 65 � 14% vs. simulation
group: 66 � 14%). However, during ac-
tual trauma resuscitation, the resuscita-
tion team led by a simulation-trained res-
ident performed significantly better in its
crisis management skills (all crisis man-
agement skills—lecture group, 74 � 22
vs. simulation group, 83 � 17, p � .14;
teamwork skills—lecture group, 72 � 24
vs. simulation group, 87 � 19, p � .04),
whereas initial treatment skills (technical
skills) did not differ between those two
groups (p � .48).

Wayne et al (35) reported the effective-
ness of simulation-based adult cardiac life
support refresher training. In their study,
second-year medicine residents received
10 hrs of simulation-based education and
4 hrs of adult cardiac life support re-
fresher training by using a whole-body
simulator. They compared 48 adult car-
diac life support events (20 led by a sim-
ulator-trained resident and 28 led by a
traditionally trained resident) and dem-
onstrated that the events led by a simu-
lation-trained resident had better adher-
ence to adult cardiac life support

guidelines (68% vs. 44%, p � .001). The
study by Knudson et al (36) used a video-
based assessment by experts, and the
study by Wayne et al (35) used a retro-
spective resuscitation record review.
They both trained the potential team
leaders in their intervention.

Our study was distinctly different from
those studies in at least three aspects: 1)
the use of the direct observation method
by using trained evaluators (RAs), 2) the
attempt to educate multidisciplinary
team members (residents, nurses, and
therapists) instead of the potential team
leaders (attending physicians and ICU fel-
lows), and 3) the deliberate systematic
development of an evaluation tool by us-
ing the prospective healthcare failure
mode and an effect analysis approach to
attain high content validity.

In our study, although each technical
and behavioral (crisis management) skill
did not independently reach statistical
significance, the behavioral skill ratings
were higher in teams with two or more
simulation-trained members present
compared with teams with fewer than
two simulation-trained members. This
finding was similar to that in the study by
Knudson et al (36). Our study provides
further validation of the effectiveness of
simulation-based airway management
training to improve team skills in pediat-
ric acute care. This study also demon-
strates the benefit of simulation-based
education: deliberate, repetitive practice
without risking patients for training, es-
pecially when learners have steep learn-
ing curves.

Our study results need to be inter-
preted in light of several important limi-
tations. Because this was a pilot study, we
were limited to a small sample size and
the nature of convenience (nonsystematic)
sampling. We did include all available data
into the analysis. The risk for sampling bias
thus cannot be excluded. A formal hypoth-
esis-testing study with a sufficient power to
detect a minimally clinical significance
with systematic sampling (or complete fol-
low-up) to eliminate ascertainment bias
will be the next step.

Second, although our JIT training was
targeted to the resident physician as la-
ryngoscopist and leader of the airway
team during simulations, a critical care
medicine attending and/or fellow was al-
ways in attendance at each real intuba-
tion. The presence of a higher-level pro-
vider is likely to have influenced the team
behavior and the success and outcome of
each intubation. Despite this nonclassifi-
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cation bias (an attending physician was
present at all intubations), our total score
for actual intubation was significantly
higher in the airway teams with two or
more team members trained by JIT sim-
ulation. The result might have been more
dramatically different without this poten-
tial systematic bias. Thus, the demonstra-
tion of differences associated with JIT
training status was remarkable and im-
portant. Due to our limited sample size,
we were not able to further quantify the
impact of the training stratified by disci-
pline. Due to the ad hoc nature of bedside
airway team composition in our PICU,
the duration between JIT simulation
training and the real clinical intubation
was variable. Our clinical observation
data were insufficient to quantify the ef-
fect of decay after the training.

Another limitation of our study was
the independent rater’s training status.
The overall inter-rater reliability was
good. There was a rapid learning curve of
their training, which was included in our
analysis. In addition, the inter-rater reli-
ability of the nontechnical domain in JIT-
PAPPS was suboptimal when it was ap-
plied in video-based analysis, especially
given the technical noise, sound capture,
and video capture challenges. Impor-
tantly, this limitation does not affect our
evaluations of real intubation events,
since all real intubations were observed
directly (not by video). We acknowledge
that we did not document the achieve-
ment of a certain level of competence
during simulation-based training.

Although this was a pilot study, there
are several implications for further re-
search on this topic. We have demon-
strated that this brief JIT multidisci-
plinary airway team training may
substantially improve the airway manage-
ment process of care. Furthermore, this
format of multidisciplinary team training
on time-sensitive, high-risk procedures
can be applied to many clinical areas.

In conclusion, our study demon-
strated that the technical and behavioral
team performance rating is feasible dur-
ing real advanced airway management
events in the PICU using trained observ-
ers. The presence of two or more provid-
ers who have participated in recent mul-
tidisciplinary simulation training is
associated with improved operational
performance in real advanced airway
management.

Further research is required to vigor-
ously evaluate the impact of JIT and just-
in-place simulation education training on

provider confidence, competence, opera-
tional performance, and patient outcomes.
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APPENDIX 1

The second column (T/NT) denotes the
categories of action (technical task vs. be-
havioral [nontechnical] tasks). The third
column (NT_cat) denotes the categories of
action in behavioral tasks. SA, situation
awareness; DM, decision making; TM, task
management; TW, teamwork.

Scoring Instruction

A score of 2 is given if the task is done
correctly, timely. A score of 1 is given if the
task is done incorrectly or the task is done but
not in a timely fashion. A score of 0 is given if
the task is not performed.

Calculation of a Domain-Specific
Score and a Total Score

Each domain score (for a technical and a
behavioral domain) is calculated as a weighted
sum of the scores. The score for each task is
multiplied by point (weight), which was gen-
erated from healthcare failure mode and effect
analysis. Then, those are aggregated by do-
main. The total score was a sum of a technical
and a behavioral domain score.

Global Rating (Items 36 and 37).

Not used in this presented study.

APPENDIX 2

Part 2. Just-in-Time Scenario

An 8-month-old infant with acute respira-
tory distress due to suspected viral infection
was admitted to the pediatric intensive care
unit 2 hrs ago. Now the respiratory rate has
increased from 50 to 80 with decreased satura-
tion on pulse oximetry from 95% to 85% with 3
L of oxygen via nasal cannula. One hundred
percent oxygen with tight sealed mask increased
saturation up to 89%. Severe suprasternal and
subcostal retraction are noted on your exam.
Chest radiograph on admission showed hyperin-
flated lungs without cardiomegaly. Nebulizer
treatment with albuterol or racemic epinephrine
was not helpful. She has not taken any food or
fluid by mouth for the last 6 hrs and is receiving
intravenous fluid.

A. Basic Airway Management

Simulator: Saturation on pulse oximetry
will improve to 97% with 100% oxygen with
effective bag-valve-mask ventilation (with vis-
ible bilateral chest rise). Saturation will re-
main low if the team does not provide effective
bag-valve-mask ventilation with 100% oxygen.

Expected Intervention

E Open airway with head-tilt chin-lift or
jaw thrust maneuver;

E Choose right size mask;
E Check oxygen source is turned on;
E Apply mask correctly (cover nose and

mouth, avoid to cover eyes);
E Provide bag and mask ventilation to

have good chest rise, and
E Prepare for intubation (call for suc-

tion, oral airway, tracheal tube, check
laryngoscope, medication: sedatives
and paralytics).

Simulator: After medication (sedatives and
paralytics) are given, the patient will become
apneic.

B. Advanced Airway
Management

Simulator: After the mask is removed from
the simulator or manikin’s face, in 30 secs the
saturation will start to drop from 98 to 85 over
next 30 secs. It will improve after five rescue
breaths up to 98%. This will stay for the next
30 secs if the mask is removed from the face,
and will start to drop from 98 to 85% over 30
secs. This will be repeated until successful
intubation and primary and secondary confir-
mation is performed.

Expected Intervention

E Apply laryngoscope with left hand;
E Achieve appropriate direct laryngeal vi-

sualization without rocking;
E Tracheal tube placement in trachea

(this will be detected with chest rise by
a simulator, visible to a facilitator on
the computer monitor screen);

E Avoid mainstem intubation (this will be
detected with unilateral chest rise by a
simulator, visible to a facilitator on the
computer monitor screen);

E Hold tracheal tube when stylet is re-
moved;

E Primary confirmation, and
E Secondary confirmation with a colori-

metric end-tidal CO2 detector (this infor-
mation will be given to a team by a facil-
itator if tracheal intubation is confirmed
by a simulator).
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