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BACKGROUND: In general emergency departments, advanced airway management of pediatric

patients who are critically ill has been associated with increased adverse events given the varying ex-

posure to pediatric patients and limited resources. Previous studies have shown significant improve-

ment of simulated pediatric airway management in general emergency departments. The aim of this

retrospective study was to determine the effect of an in situ simulation-based collaborative interven-

tion program on the actual care of pediatric airway management in general emergency departments.

METHODS: This was a retrospective study of pediatric subjects who were critically ill and required

intubation at a diverse set of general emergency departments before referral to the academic medi-

cal center. The primary outcome was the quality of clinical care measured by adherence to best

practices via a critical action checklist. Secondary outcomes included tracheal intubation associated

adverse events and clinical outcomes. RESULTS: A total of 135 pediatric subjects (48 pre- and 87

post-intervention) who were transferred to the academic medical center from 9 general emer-

gency departments between May 2014 and August 2019 were included in the analysis. The use

of a cuffed endotracheal tube improved, from 44% to 72% (P 5 .001), whereas there was no sig-

nificant change in the appropriate endotracheal tube size. Overall, severe tracheal intubation

associated adverse events decreased, from 18.8% to 9.2% (P 5 .03), and post-intubation cardiac

arrest events decreased, from 6.3% to 0% (P 5 .02). CONCLUSIONS: A simulation-based col-

laborative intervention program led to improvement in pediatric airway management and sub-

ject outcomes in general emergency departments. This model demonstrated the transfer of

improvement from a simulated setting to a clinical setting and may be targeted in other clinical

settings. Key words: airway management; intubation; in situ simulation; academic medical center; gen-
eral emergency department. [Respir Care 2021;66(12):1866–1875. © 2021 Daedalus Enterprises]

Introduction

Pediatric advanced airway management is a challenging

and potentially life-threatening procedure that is frequently

associated with adverse events, particularly in unprepared

settings.1 The anatomic and physiologic characteristics of

pediatric airways differ from those of the adult airway and

contribute to an increased frequency of adverse events com-

pared with adults.2 Ninety percent of children who are

acutely ill and children who are injured initially present to

general emergency departments, where advanced airway

management is sometimes needed.3 These general emer-

gency departments are less prepared to care for children

who are critically ill given their lower pediatric patient
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volumes and lack of pediatric resources and expert

personnel.4,5

There are national data of a wide range of tracheal

intubation-associated adverse events, �20%, and certain

tracheal intubation associated adverse events, such as

esophageal intubation or mainstem bronchial intubation,

are more commonly seen in general emergency depart-

ments than in pediatric tertiary centers.6-8 Furthermore,

deviations from best practices, for example, the use of

uncuffed tracheal tubes, were noted in most children trans-

ferred from general emergency departments to pediatric

centers.6 These variations in practice and process of care

between general emergency departments and pediatric cen-

ters have resulted in disparities in patient outcomes, in

which children with respiratory failure who presented to

lower-volume general emergency departments had higher

odds of mortality compared with higher-volume pediatric

emergency departments.9

To address these gaps in the general emergency depart-

ment setting in the United States, several state and

national initiatives have been implemented to improve the

process of care provided to children who are acutely ill

and those who are injured. Examples include the National

Pediatric Readiness Project established by the Emergency

Medical Services for Children to ensure that all United

States emergency departments have essential resources,

guidelines, and equipment to provide high-quality care to

children.4 Most recently, the implementation of an airway

safety bundle across a network of pediatric emergency

departments and urgent care sites has resulted in a

decrease in severe tracheal intubation associated adverse

events in participating sites.10 In parallel, we previously

reported a collaboration program between our pediatric

academic medical center and a group of general emer-

gency departments statewide.11-15 This collaboration,

through in situ simulation, education, and quality

improvement, aimed to optimize pediatric emergency

readiness and quality of care provided in general emer-

gency departments. Participating general emergency

departments demonstrated significant improvement in the

process of care provided to children in acute care scenar-

ios, including advanced airway management in a simu-

lated setting.12 However, little is known about the impact

of our collaborative program on the process of

clinical care provided in participating general emergency

departments and patient outcomes.

The primary aim of this retrospective study was to

examine the effectiveness of a collaborative intervention

program in improving pediatric advanced airway manage-

ment in patients presenting to participating general emer-

gency departments. The secondary aim was to assess the

impact of our intervention on subject outcomes. We

hypothesize that participation in our collaborative program

will be associated with improvement in the process of

advanced airway management, as demonstrated by a criti-

cal action intubation checklist, in addition to improvement

in patient outcomes.

Methods

Study Design and Subject Population

This study was a retrospective cohort analysis that was

conducted at Riley Hospital for Children at Indiana

University Health. The Indiana University’s institutional

review board reviewed and approved the study. Riley

Hospital is the only pediatric academic medical center in

the state of Indiana, with 316 pediatric beds, including 36-

bed medical-surgical pediatric ICU. Inclusion criteria were

all pediatric subjects < 18 years of age who required

advanced airway management, that is, placement of an en-

dotracheal tube (ETT), performed by a participating general

emergency department provider before transfer to the Riley

Hospital pediatric ICU by the Indiana University Health

transport team between 2014 and 2019. The exclusion crite-

ria were patients who were intubated by the Indiana

University Health transport team or at Riley’s emergency

department, patients who needed other types of advanced

airway management (including tracheostomy, laryngeal

mask airway, or laryngeal tube), patients who were intuba-

ted during the intervention period, and the patients who

died in general emergency department before transfer to

academic medical center pediatric ICU. The timeline of
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intervention and data collection is shown in Supplementary

Figure 1 (see the supplementary materials at http://www.

rcjournal.com).

Collaborative Intervention Program

This program involved an academic medical center that

works with a set of general emergency departments across

the state of Indiana to improve the quality of care for chil-

dren who are acutely ill. The multifaceted intervention was

guided by a multi-professional team of experts in pediatric

emergency medicine, pediatric critical care medicine, pedi-

atric critical care transport nursing, and pediatric respiratory

therapy from Riley Hospital for Children at Indiana

University Health. Each participating general emergency

department designated a pediatric champion who func-

tioned as a pediatric emergency care coordinator to help

implement and execute the program’s components. The

multifaceted collaborative intervention extended over 6

months and is detailed in our previous publications.11,12

Briefly, it included the following phases: (1) pre-interven-

tion assessment of inter-professional team performance in a

simulated setting; (2) a multifaceted intervention phase that

consists of post-simulation debriefing, customized assess-

ment reports (including the team’s performance and areas

of improvement), dissemination of pediatric airway man-

agement best practices and clinical resources in the general

emergency department setting, pediatric airway manage-

ment online module, and scheduled check-in visits at 2

months and 4 months; and (3) post-intervention assessment,

repeated measurement of simulation-based performance of

all participating general emergency departments (Fig. 1).

Data Collection

Airway management data were collected by a retrospec-

tive chart review of paper documentation of medical records

from general emergency departments handed to the transport

team at the time of transport and from transport team docu-

mentation. The documentation was scanned into the aca-

demic medical center electronic medical records (Cerner

Corporation, North Kansas City, Missouri). Pediatric ICU

outcome measures were collected from the academic medi-

cal center electronic medical records and virtual pediatric

ICU systems (VPS, Los Angeles, California). One of the

authors (MM) collected all the data and was blinded to the

intervention period for all general emergency departments.

OutcomeMeasures

The primary outcome measure was the process of care

provided in participating general emergency departments as

assessed by the critical action checklist items used during in

situ simulation that were feasible to collect from a chart

review.12 These included medications used for sedation and

neuromuscular blockade to facilitate intubation, the number

of intubation attempts, ETT size and type (cuffed vs

uncuffed), and ETT insertion depth. Appropriate ETT size

was defined per the 2010 American Heart Association

Pediatric Advanced Life Support guidelines,16 in which a

deviation of 0.5 mm above or below the recommended size

was still considered the appropriate size. The appropriate

ETT depth was defined by using the same guidelines, in

which deviations of 0.5 cm above or below the recom-

mended depth were still considered the appropriate depth.

General emergency department and pediatric ICU subject

outcomes were used as secondary outcomes. General emer-

gency department-level subject outcomes were assessed by

using the incidence of adverse tracheal intubation–associated

events classified as severe and non-severe events.17 We

included only cardiac arrests that occurred after intubation in

a general emergency department and before transfer to an

academic medical center. Hypoxemia was defined as SpO2
<

90%. Pediatric ICU-level subject outcome data included

1. Post-simulation debriefing
2. Customized assessment reports
3. Dissemination of pediatric airway
    management resources
4. Pediatric airway management online module
5. Scheduled check-in visits

• Retrospective chart review
• Process of care in GEDs
  1. Adherence to airway
      management checklist
  2. GED-level subject outcomes
  3. PICU-level subject outcomes

Multi-faceted intervention

Pre-Intervention
24 months

Post-Intervention
24 months

Intervention
6 months

Analysis

Fig. 1. The multifaceted intervention programmodel. GED¼ general emergency department; PICU¼ pediatric ICU.
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ETT exchange by academic medical center teams, post-extu-

bation upper-airway obstruction (defined as development of

stridor, use of racemic epinephrine or heliox), extubation

failure (defined as the need for re-intubation within 48 h of

extubation), the need for new tracheostomy during hospital

admission, duration of mechanical ventilation, pediatric ICU

length of stay, hospital length of stay, and mortality.

Statistical Analysis

Descriptive statistics were used, and data were summar-

ized as numbers (%) or medians (25th – 75th percentiles).

Pre- and post-intervention variables were compared by

using the Wilcoxon rank-sum test for continuous variables

and the chi-square test or the Fisher exact test for categori-

cal variables. All statistical analyses were performed by

using Stata Statistical Software Release SAS 9.04 (SAS

Institute, Cary, North Carolina). P < .05 was considered

statistically significant.

Results

General Emergency Departments and Subject

Demographics

Nine general emergency departments in the state of

Indiana participated in the collaborative intervention pro-

gram. Three (33.3%) had a medium annual pediatric vol-

ume (1,800–4,999), and 6 (66.7%) had a medium-to-high

annual pediatric volume (5,000–9,999). Eight general

emergency department hospitals (88.9%) had in-patient pe-

diatric units (pediatric ward or neonatal ICU). The median

(interquartile range) distance of general emergency depart-

ments from the state academic medical center was 53

(23.9–66.9) miles. Three of these general emergency

departments (33.3%) were affiliated with the academic

medical center.

Overall, 207 pediatric patients on mechanical ventila-

tion were transferred to the academic medical center pe-

diatric ICU between 2014 and 2019 from the 9 general

emergency departments. Of these, 135 pediatric patients

who were intubated met the inclusion and exclusion cri-

teria: 48 subjects in the pre-intervention period and 87

subjects in the post-intervention period (Supplementary

Fig. 2 [see the supplementary materials at http://www.

rcjournal.com]). There was no statistically significant

difference in the demographics between the pre-interven-

tion group and the post-intervention group except in race

and/or ethnicity. The most common reasons for intuba-

tion were respiratory illnesses, mostly secondary to

lower airway disease, seizure, and toxin and/or poison.

Subject demographics and primary diagnosis are shown

in Table 1.

Quality of Pediatric Advanced Airway Management in

General Emergency Departments

The use of cuffed ETT significantly improved, from

43.8% to 72.4% (P ¼ .001) (Fig. 2A). The increase in

cuffed ETT use was noted in respiratory, seizure, trauma,

and toxin and/or poison subjects but did not reach statistical

significance (Supplementary Table 1 [see the supplemen-

tary materials at http://www.rcjournal.com]). The appropri-

ate ETT size changed, from 66.7% in the pre-intervention

group to 79.3% in the post-intervention group, but did not

reach statistical significance (P ¼ .16) (Fig. 2B). There was

still a high percentage of ETTs that were inserted too deep

in both groups, with 72.9% in the pre-intervention group

compared with 69.0% in the post-intervention group (P ¼
.57) (Fig. 2C).

The most common sedative medications used in both

groups were midazolam, etomidate, fentanyl, and ketamine.

At least one neuromuscular blocking agent was used in 37

of 48 subjects (77.1%) in the pre-intervention group com-

pared with 59 of 87 subjects (67.8%) in the post-interven-

tion group (P ¼ .26). The decrease of neuromuscular

blocking agent use was noted in subjects with seizure,

trauma, and toxin and/or poison, but none of these changes

reached statistical significance. Most subjects were intuba-

ted from the first or second attempt, whereas 5 of 48

(10.4%) and 14 of 87 (16.1%) required $3 intubation

attempts pre- and post-intervention, respectively (P ¼ .64).

Medications used for airway management in general emer-

gency departments in addition to the number of intubation

attempts are shown in Table 2.

General Emergency Departments and Pediatric

ICU–Level Subject Outcomes

There was a decrease in the severe tracheal intubation

associated adverse events from 9 of 48 (18.8%) in the pre-

intervention group to 8 of 87 (9.2%) in the post-intervention

group (P ¼ .03), with a significant decrease in the post-

intubation cardiac arrest events for subjects who survived,

from 3 of 48 (6.3%) to 0 of 87 (0%) (P ¼ .02). Non-severe

tracheal intubation associated adverse events were similar

between the groups: 60.4% versus 49.4% pre- and post-

intervention, respectively. The most common non–severe

tracheal intubation associated adverse events identified was

right main stem intubation, with a 31% incidence in the

pre-intervention group compared with 21% in the post-

intervention group. The second most common non-severe

tracheal intubation associated adverse event was pain

and/or agitation, which occurred in 21% in the pre-inter-

vention group compared with 16% in the post-intervention

group (Table 3). Sinus tachycardia and hypoxemia fre-

quently occurred in both groups. When compared with the

pre-intervention group, the subjects in the post-intervention
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group had similar ETT exchange rates and lower extubation

failure rates, fewer subjects who needed a new tracheostomy,

shorter duration of mechanical ventilation, shorter pediatric

ICU and hospital stay, and lower mortality, but none of these

changes were statistically significant. Pediatric ICU-level

subject outcomes are shown in Table 4.

Discussion

Our study demonstrated improvement in some elements

of pediatric advanced airway management in a set of gen-

eral emergency departments by following a collaborative

intervention program. These improvements were mainly in

adherence to the recommended ETT type and in decreasing

severe tracheal intubation associated adverse events. We at-

tribute the improvement to the multifaceted approach of the

intervention that included in situ simulation and post-simu-

lation debriefing coupled with providing general emer-

gency departments with feedback and pediatric specific

resources from the academic medical center. Simulation

has been shown to be an effective method of training to

enhance pediatric knowledge and skills in the acute care

setting; it has been associated with improvements in the

cognitive, technical, and behavioral skills of health-care

providers.18,19 A series of recent studies successfully dem-

onstrated the effect of in situ simulation on the skills and

confidence of health-care providers in general emergency

departments in treating various simulated pediatric critical

Table 1. Subject Demographic and the Primary Diagnosis

Variable Pre-Intervention Group (n ¼ 48) Post-Intervention Group (n ¼ 87) P

Age, median (IQR) y 2.0 (1.0–11.9) 3.1 (1.0–9.3) .92

Girls 23 (47.9) 34 (39.1) .32

Weight, median (IQR) kg 13.2 (9.0–32.9) 15.0 (9.5–27.1) .72

Height, median (IQR) cm 90.0 (69.0–160.0) 93.8 (71.0–126.0) .98

Race or ethnicity .03

White 38 (79.2) 66 (75.9)

Black 7 (14.6) 11 (12.6)

Asian/Indian/Pacific Islander 3 (6.3) 0 (0)

Hispanic or Latino 0 (0) 4 (4.6)

Unspecified 0 (0) 6 (6.9)

Diagnosis .18

Respiratory 17 (35.4) 19 (21.8)

Septic shock 2 (4.2) 1 (1.1)

Cardiac arrest 4 (8.3) 7 (8.0)

Seizure 12 (25.0) 38 (43.7)

Trauma 3 (6.3) 10 (11.5)

Drowning 1 (2.1) 0 (0)

Toxin/poison 5 (10.4) 7 (8.0)

Other 4 (8.3) 5 (5.7)

Respiratory (subcategories) .74

Upper airway 2 (11.8) 3 (15.8)

Lower airway 14 (82.4) 13 (68.4)

Asthma 1 (5.9) 3 (15.8)

PRISM III, median (IQR) score 3 (0–8) 2 (0–5) .10

Referring general emergency department .46

1 12 (25.0) 23 (26.4)

2 2 (4.2) 10 (11.5)

3 7 (14.6) 4 (4.6)

4 6 (12.5) 6 (6.9)

5 7 (14.6) 15 (17.2)

6 2 (4.2) 2 (2.3)

7 3 (6.3) 6 (6.9)

8 2 (4.2) 5 (5.7)

9 7 (14.6) 16 (18.4)

Data are presented as n (%) unless otherwise indicated.

The Wilcoxon rank-sum test was used for continuous variables; the Fisher exact test was used for categorical variables.

IQR ¼ interquartile range

PRISM ¼ Pediatric Risk of Mortality
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conditions, such as diabetic ketoacidosis, airway manage-

ment, and supraventricular tachycardia.11-15

In this study, simulation was used as a tool to assess and

improve the process of care provided by interprofessional

teams and identifies gaps and opportunities for improvements

in the system of care in the general emergency department

setting. Subsequently, simulation was used as an improve-

ment tool with which these gaps were addressed with general

emergency department leadership through the development of

customized performance reports. An example was the com-

mon use of uncuffed ETT in the general emergency depart-

ment during the simulations, which highlighted the need for

pediatric-specific guidelines and best practices to be readily

available and disseminated among general emergency depart-

ment providers. For example, the distribution of ETT tag

cards through each general emergency department pediatric

Pre-intervention

Cuffed Uncuffed

Post-intervention

0

A

B

C

10 20 30 40 50
Proportion of subjects

Proportion of subjects

Proportion of subjects

60 70

P = .001

80 90 100

Pre-intervention

Post-intervention

0 10 20 30 40 50 60 70

P = .16

80 90 100

Pre-intervention

Post-intervention

0 10 20 30 40 50 60 70

P = .57

80 90 100

Smaller Appropriate Larger

Too high Appropriate Too deep

Fig. 2. Changes in endotracheal tube (ETT) utilization pre- and post-intervention. A: ETT type; B: ETTsize; and C: ETT depth.
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champion, potentially resulted in the improvement noted in

the use of cuffed ETT in the clinical setting after the interven-

tion.20 This is an important finding and a clinically relevant

component of this intervention because cuffed ETT is now

recommended by the American Heart Association instead of

uncuffed ETT as cuffed ETT decreases the chance of ETT

exchange and facilitates ventilation, especially in children

with poor lung compliance.21

Our study findings were consistent with previous results

of the study by Andreatta et al,22 which demonstrated

improvement of cardiac arrest outcomes after integration of

a formal code program into the residency curriculum.

When comparing the current study with our previous study

in a simulated setting, the cuffed ETT use in follow-up sim-

ulation was 71%, which translated to a similar percentage

in actual patient care in the current study; however, the

ETT size and depth did not have similar improvement.12

One potential explanation for the lack of improvement in

the recommended ETT depth is that the general emergency

department team and transport team might be less willing

to adjust the ETT before transfer to an academic medical

center unless the patient has ventilation issues.

Table 2. Medications Used for Airway Management in General Emergency Departments

Variable Pre-Intervention Group (n ¼ 48) Post-Intervention Group (n ¼ 87) P

Sedatives used

Midazolam 31 (64.6) 53 (60.9) .67

Lorazepam 2 (4.2) 4 (4.6) >.99

Fentanyl 13 (27.1) 37 (42.5) .08

Ketamine 8 (16.7) 22 (25.3) .25

Etomidate 16 (33.3) 30 (34.5) .89

Propofol 10 (20.8) 25 (28.7) .32

Most common sedation combinations

Midazolam + fentanyl 11 (22.9) 23 (26.4) .65

Ketamine + fentanyl 3 (6.3) 12 (13.8) .18

Midazolam + etomidate + propofol 3 (6.3) 10 (11.5) .38

No. sedation medications used at GED, median (IQR) 2 (1 – 3) 2 (1 –3) .18

No. sedation medications used at GED

0 8 (16.7) 5 (5.7) .10

1 14 (29.2) 25 (28.7)

2 13 (27.1) 33 (37.9)

3 12 (25.0) 16 (18.4)

4 1 (2.1) 8 (9.2)

Neuromuscular blockade used 37 (77.1) 59 (67.8) .26

Neuromuscular blockade used by diagnosis, n/total n of subcategory (%)

Respiratory 13/17 (76.5) 14/19 (73.7) >.99

Septic shock 1/2 (50) 1/1 (100) >.99

Cardiac arrest 2/4 (50) 5/7 (71.4) .58

Seizure 10/12 (83.3) 25/38 (65.8) .48

Trauma 3/3 (100) 8/10 (80) >.99

Drowning 1/1 (100) 0 (0) NA

Toxin or poison 3/5 (60) 4/7 (57.1) >.99

Other 4/4 (100) 2/5 (40) .17

Succinylcholine 18 (37.5) 28 (32.2) .28

Rocuronium 16 (33.3) 30 (34.5)

Vecuronium 3 (6.3) 1 (1.1)

Cisatracurium 0 (0) 0 (0)

None 11 (22.9) 28 (32.2)

No. intubation attempts

1 40 (83.3) 69 (79.3) .64

2 3 (6.3) 4 (4.6)

$3 5 (10.4) 14 (16.1)

Data are presented as n (%) unless otherwise indicated.

The Wilcoxon rank-sum test was used for continuous variables; the chi-square test or the Fisher exact test was used for categorical variables.

GED ¼ General emergency department

IQR ¼ interquartile range

NA ¼ not applicable
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Table 3. Tracheal Intubation Adverse Events

Variable
Pre-Intervention Group

(n ¼ 48)

Post-Intervention Group

(n ¼ 87)
P

Severe tracheal intubation associated adverse events

n (%)/median (IQR) 9 (18.8)/0 (0–0) 8 (9.2)/0 (0–0) .030/.10

Hypotension 4 (8.3) 2 (2.3) .19

Vomiting with aspiration 3 (6.3) 1 (1.1) .13

Cardiac arrest, survived 3 (6.3) 0 (0.0) .02

Cardiac arrest, died 0 (0.0) 0 (0.0) NA

Esophageal intubation, recognized late 0 (0) 0 (0) NA

Laryngospasm 1 (2.1) 1 (1.1) >.99

Malignant hyperthermia 0 (0) 0 (0) NA

Pneumothorax 1 (2.1) 1 (1.1) >.99

Pneumomediastinum 1 (2.1) 2 (2.3) >.99

Airway injury 1 (2.1) 2 (2.3) >.99

Non-severe tracheal intubation associated adverse events

n (%)/median (IQR) 29 (60.4)/1 (0–1) 43 (49.4)/0 (0–1) .22/.14

Esophageal intubation, recognized early 1 (2.1) 0 (0) .37

Right main stem intubation 15 (31.3) 18 (20.7) .17

Vomiting without aspiration 6 (12.5) 5 (5.7) .20

Hypertension treated 0 (0) 1 (1.1) >.99

Epistaxis 0 (0) 1 (1.1) >.99

Medication error 0 (0) 1 (1.1) >.99

Dysrhythmias 0 (0) 0 (0) NA

Pain and/or agitation 10 (20.8) 14 (16.1) .49

Bradycardia 8 (16.7) 12 (13.8) .65

Hypoxemia 16 (33.3) 30 (34.5) .89

Sinus tachycardia 24 (50) 34 (39.1) .22

Data are presented as n (%) unless otherwise indicated.

IQR ¼ interquartile range

NA ¼ not applicable

Table 4. Pediatric ICU-Level Subject Outcomes

Variable
Pre-Intervention Group

(n ¼ 48)

Post-Intervention Group

(n ¼ 87)
P

Endotracheal tube exchange by academic medical center teams 8 (16.7) 14 (16.1) .93

Pre-extubation steroid 17 (35.4) 24 (27.6) .34

Dexamethasone 14 (29.2) 21 (24.1) .52

Methylprednisolone 2 (4.2) 3 (3.5) >.99

Prednisolone 2 (4.2) 0 (0) .13

Post-extubation upper airway obstruction 10 (20.8) 25 (28.7) .32

Extubation failure 6 (12.5) 6 (6.9) .35

Need for new tracheostomy 4 (8.3) 3 (3.5) .25

Mechanical ventilation duration, d 1.3 (0.6 – 3.7) 1.0 (0.3 – 3.1) .22

Pediatric ICU length of stay, d 2.7 (1.0 – 6.9) 1.8 (1.1 – 6.1) .45

Hospital length of stay, d 5.4 (2.8 – 13.1) 3.6 (2.2 – 9.5) .26

Mortality 6 (12.5) 6 (6.9) .35

Died before extubation 4 (8.3) 2 (2.3) .19

Died after withdrawal of care 2 (4.2) 4 (4.6) >.99

Data are presented as n (%) or median (interquartile range).

The Wilcoxon rank-sum test was used for continuous variables; the chi-square test or the Fisher exact test was used for categorical variables.

NA ¼ not applicable
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The decrease in severe tracheal intubation associated

adverse events was another example of translating the sim-

ulation experience to actual patient care. During the in situ

simulation, the focus was to train the team to (1) collect all

needed equipment for airway management, including the

appropriate ETT, laryngoscope, suction catheter, bag, and

mask; (2) perform a timeout, correct bag mask ventilation

and intubation; and (3) correctly verify ETT placement.12

In situ simulation provided higher realism when compared

with the simulation conducted in simulation center or class-

room because it allows general emergency department pro-

viders to deliver care in their actual clinical environment,

which involves real-world interprofessional provider teams,

equipment, and resources. This has potentially helped the

team to have a shared mental model through the intubation

process, which, subsequently, resulted in a more efficient

process and ultimately decreased the incidence of tracheal

intubation associated adverse events.

This use of simulation for team training in emergency

departments has been extensively established and success-

ful in improving team performance and communication in

the acute care setting.23-25 For non-severe tracheal intuba-

tion adverse events, the most commonly reported events

were right main bronchial intubation and pain and/or agita-

tion. Our study’s severe tracheal intubation associated

adverse event pre-intervention rate is comparable with a

recent report by Neubrand et al.10 Although non-severe

events were higher than what was reported by Nishisaki et

al,6 this could be attributed to the inadequate documentation

of the events by general emergency departments in their

study.

We also hypothesize that better airway management in

general emergency departments will translate to improve-

ment in patients’ clinical outcomes, such as extubation fail-

ure, duration of mechanical ventilation, pediatric ICU, and

hospital stay. These outcomes did not significantly change

in the post-intervention period compared with the pre-inter-

vention period. It should be noted that these outcomes were

affected by multiple confounders that were difficult to con-

trol for in a retrospective study with small sample size.

This study had a few limitations in addition to the rela-

tively small sample size. This was a retrospective study that

used a chart review, with a potential lack of or inaccurate

documentation by the general emergency department

teams. Another limitation of this study included incomplete

or missing data within the medical record and the variabili-

ty of documentation among the providers in general emer-

gency departments. We did not include patients who died

in a general emergency department before transfer to an

academic medical center pediatric ICU, which might affect

the tracheal intubation associated adverse event rates in

both periods of the study. During the review process, it was

noted that some physicians documented that, during intuba-

tion, certain tools or the appropriate size equipment was not

available in their hospital, which could have negatively

impacted the effectiveness of our intervention and con-

founded the findings of this study. Last, given the retro-

spective nature of our study, we could not conclude which

of the collaborative program components had the most sig-

nificant impact on the improvement. Future prospective

controlled studies are needed to address this issue further.

Conclusions

Our study showed that a multifaceted intervention pro-

gram between the academic medical center and general

emergency departments can lead to improvement in best

practices in pediatric advanced airway management. This

model of collaboration that involves simulation, sharing

resources, and ongoing communication can be used to

improve the quality of care of children who present to gen-

eral emergency departments and potential downstream

patient outcomes.
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