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Article

Pediatric advanced airway management is hazardous 
and associated with commonly recognized adverse out-
comes in high-risk patients.1-12 Suboptimal communica-
tion, teamwork breakdowns, and lack of elaborate 
planning cause patient care flow disruption and failures 
to respond to second-to-second changes in patient con-
dition. Improper laryngoscope handling results in dental 
and laryngeal trauma.6 Furthermore, poor tracheal intu-
bation technique may necessitate multiple attempts or 
prolong procedural duration, which are associated with 
airway trauma, desaturation, or bradycardia.1,13,14 
Tracheal tube misplacement or displacement also may 
result in significant morbidity or mortality.7 Despite 
these known risks, tracheal intubation in the pediatric 
intensive care unit (PICU) is practiced routinely in an 
already complex, hazard-prone microsystem.15 The 
research team has previously defined unwanted adverse 

events as tracheal intubation–associated events 
(TIAEs).1-3,8,9 In a recent study from a single, tertiary 
care referral PICU, TIAEs occurred in approximately 1 
in 5 intubation courses.8
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Abstract
Advanced airway management in the pediatric intensive care unit (PICU) is hazardous, with associated adverse outcomes. 
This report describes a methodology to develop a bundle to improve quality and safety of tracheal intubations. A 
prospective observational cohort study was performed with expert consensus opinion of 1715 children undergoing 
tracheal intubation at 15 PICUs. Baseline process and outcomes data in tracheal intubation were collected using the 
National Emergency Airway Registry for Children reporting system. Univariate analysis was performed to identify 
risk factors associated with adverse tracheal intubation–associated events. A multidisciplinary quality improvement 
committee was formed. Workflow analysis of tracheal intubation and pilot testing were performed to develop the 
Airway Bundle Checklist with 4 parts: (1) risk factor assessment, (2) plan generation, (3) preprocedure time-out 
to ensure that providers, equipment, and plans are prepared, (4) postprocedure huddle to identify improvement 
opportunities. The Airway Bundle Checklist developed may lead to improvement in airway management.
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In response to the lack of data on pediatric intubation 
practices, the National Emergency Airway Registry for 
Children (NEAR4KIDS) was developed based on the 
emergency department adult-focused National 
Emergency Airway Registry.16,17 NEAR4KIDS is a mul-
ticenter airway collaborative network used to describe 
and improve the complex and high-risk process of tra-
cheal intubations in children.1,2 This group was formed 
through the Pediatric Acute Lung Injury and Sepsis 
Investigators (PALISI) research network. Although suc-
cessful airway management occurred in 98% of courses, 
TIAEs were reported in 20% of the intubation attempts, 
similar to the single-center study, and severe events 
occurred in 6% of intubation courses.1

Because of the high incidence of TIAEs, the research 
team aimed to create an airway bundle. A bundle is a 
group of evidenced-based interventions that, when imple-
mented together, result in better outcomes than when 
executed individually.18 The 2 most recognized and stud-
ied periprocedural bundle interventions are the Central 
Venous Line Insertion Checklist to reduce catheter-asso-
ciated bloodstream infections19 and the World Health 
Organization Surgery Saves Lives program and the asso-
ciated Surgical Safety Checklist.20 Both have been imple-
mented across the United States and worldwide with 
substantial clinical impacts. However, a recent study with 
a mandated use of the Surgical Safety Checklist in 101 
hospitals in Ontario, Canada, did not find any clinical 
benefit, highlighting the importance of the implementa-
tion strategy and frontline provider buy-in of the bundle 
and the checklist.21,22

This article reports the method used to derive the data-
driven quality improvement (QI) bundle for safer 
advanced airway management. The article further dis-
cusses the key implementation strategies for the airway 
bundle.

Methods

NEAR4KIDS Collaborative

The NEAR4KIDS registry is a 15-center collaborative reg-
istry of PICUs throughout the United States and Canada 
recruited through the PALISI Network.1,2 Waiver of 
informed consent was obtained from each center’s institu-
tional review board. From July 2010 to December 2011, 
participating centers prospectively collected data on each 
intubation performed in their PICU. The centers derived 
and implemented individualized compliance plans to ensure 
capture of >95% of all intubations. Data were entered into 
the secure, Web-based NEAR4KIDS registry. Tracheal 
tube changes were excluded from this data set. Quarterly 
conference calls were made to discuss compliance with 
data capture and to continue ongoing collaboration.

Operational Definitions

Prior to study initiation, operational definitions of the 
complex variables were developed by a panel of pediatric 
and adult airway experts. These definitions were used in 
a single-center study.3,8,9 With this experience, 
NEAR4KIDS investigators formed an operational defini-
tions committee and updated the operational definitions.

Tracheal Intubation–Associated Events

TIAEs as outcome measures have been defined previ-
ously.3,8,9 These are unwanted adverse events that occur as 
a consequence of the tracheal intubation encounter. They 
are classified as severe events, which include cardiac arrest 
of ≥1 minute of chest compression, esophageal intubation 
with delayed recognition (leading to deterioration in patient 
condition), emesis with aspiration, hypotension requiring 
intervention, laryngospasm, malignant hyperthermia, 
pneumothorax/pneumomediastinum, and dental/gum 
trauma or direct airway injury; and nonsevere events, 
which include main-stem bronchial intubation, esophageal 
intubation with immediate recognition, emesis without 
aspiration, hypertension requiring therapy, epistaxis, lip 
trauma, medication error, dysrhythmias, and pain/agitation 
requiring additional medications and delaying intubation.

Encounters, Courses, and Attempts

An encounter of advanced airway management refers to 
a complete sequence of events leading to the placement 
of an advanced airway, including tracheal intubation. A 
course of advanced airway management refers to one 
method or approach (eg, direct laryngoscopy, fiberoptic 
laryngoscopy) to secure an airway and one set of medica-
tions (including premedication and induction). Each 
course may include one or several attempts by one or sev-
eral providers. If the approach is changed during one 
encounter of advanced airway management, then it is 
considered a different course within that encounter.

An attempt is defined as a single advanced airway 
maneuver (eg, direct laryngoscopy, laryngeal mask place-
ment), beginning with the insertion of a device (eg, laryn-
goscope, laryngeal mask device) into a patient’s mouth or 
nose and ending when either the device is removed or the 
advanced airway is placed. Multiple attempts (by one or 
more providers) may be made within an intubation 
course, just as more than one course and multiple attempts 
may be associated with one encounter. A successful tra-
cheal intubation is defined by a primary confirmation 
method (eg, chest rise, auscultation, direct visualization 
of the tube passing through the vocal cords) and a second-
ary confirmation method (eg, end-tidal carbon dioxide 
detection, chest radiograph) or a laryngeal mask airway in 

 at Harvard Libraries on May 7, 2015ajm.sagepub.comDownloaded from 

http://ajm.sagepub.com/


Li et al 3

a supraglottic location with an adequate seal and effective 
ventilation.

Clinical Variables

The research team collected clinical variables that would 
potentially be associated with adverse TIAEs and difficult 
airway management in PICUs. These variables were cate-
gorized into patient, provider, and practice factors. Patient 
factors included age, sex, weight, diagnostic category, indi-
cation for intubation, initial oxygen saturation prior to intu-
bation, history of difficult airway, and anatomical 
abnormalities or limitations during difficult airway evalua-
tion. Provider factors included the type of provider (ie, 
resident, fellow, attending) and discipline (eg, anesthesiol-
ogist, intensivist). Practice factors included the type of 
equipment used (eg, laryngoscope, video laryngoscope), 
choice of medications, and method used (eg, oral rapid 
sequence, oral standard sequence).

Development of the NEAR4KIDS Airway 
Bundle Checklist

A core QI committee was formed to help create the air-
way bundle and generate a strategic plan for implementa-
tion. This committee consists of a multidisciplinary group 
of respiratory therapists, nurse practitioners, and pediat-
ric intensivists from across North America.

The process of the development of a tracheal intubation 
safety checklist is shown in Figure 1. First, clinical vari-
ables were evaluated for potential risk factors for TIAEs 
and severe TIAEs. A univariate analysis was performed on 
clinical variables from July 2010 to December 2011 in the 
NEAR4KIDS registry (Table 1).1 A total of 1715 encoun-
ters with 1821 courses from 15 PICUs were included in the 
analysis. The variables associated with occurrence of any 
TIAEs or severe TIAEs were considered for entry into a 
difficult airway checklist. Variables with a P ≤0.1 on uni-
variate analysis were considered as a potential QI target. 
Next, the interdisciplinary QI committee discussed each 
candidate variable and chose a target variable by consensus 
if it was considered to be a true, potentially modifiable risk 
factor to prevent the occurrence of TIAEs or other adverse 
outcomes. The QI committee also specified the workflow 
of tracheal intubation in PICUs and identified important 
processes that, if addressed, may lead to increased first 
attempt intubation success and decreased TIAEs (Figure 2). 
Particular attention was paid to checklist development cen-
tered around the interdisciplinary workflow of tracheal 
intubation: (1) identification of a patient at risk for tracheal 
intubation, (2) generation of an airway management plan, 
(3) preprocedure time-out and confirmation for readiness 
immediately before tracheal intubation, and (4) posttra-
cheal intubation debriefing.

After these iterated steps, the QI committee developed 
a draft of the Airway Bundle Checklist. This draft was 
then reviewed by the multidisciplinary members of each 
site for a comment period of 12 weeks. These members 
included pediatric critical care physicians, PICU nurses, 
and respiratory therapists.

After receiving recommendations, the QI committee 
carefully redrafted the checklist via biweekly meetings 
and electronic communication to reach consensus for the 
first pilot version of the Airway Bundle Checklist. The 
committee carefully balanced the amount of information 
being asked for in the different phases of intubation while 
being cognizant of the amount of work that would be 
placed on providers.

Finally, the Airway Bundle Checklist was piloted at 7 
centers to assess for feasibility and usability prior to dis-
tributing to all sites for implementation (see online Appendix 
A at http://ajmq.sagepub.com/supplemental). The feedback 
summary and comments are shown in Table 2. This feed-
back was carefully reviewed and addressed either on the 
checklist itself or for implementation planning. Specifically, 
the usability of the preprocedure time-out on the back page 
was addressed with simpler wording and introduction of “7 
Rights” (adapted from “5 Rights” of medication safety), 
familiar to many practitioners.23 Simultaneously, the com-
mittee developed a QI implementation plan. This included 
(1) a required endorsement letter from the PICU practice/
QI committee at each site, (2) benchmarking data available 
to each site, and (3) monitoring and feedback of compli-
ance data to each site. The benchmarking data include the 
occurrence of TIAEs and severe TIAEs among all tracheal 
intubations. The compliance data include the proportion of 
tracheal intubation with a completed Airway Bundle 
Checklist out of all tracheal intubations. A minimal goal of 
80% was set because some of the emergent intubations 
may not allow bedside teams to initiate the bundle 
process.

Statistical Analyses

Univariate analyses were performed using descriptive sta-
tistics along with Fisher exact or χ2 tests for trend, with 
TIAEs as the dependent outcome variable. Stata version 11 
(StataCorp LP, College Station, Texas) was used for the 
analysis.

Results

NEAR4KIDS Airway Bundle Checklist

The final version of the checklist was developed as a 
2-page document to be printed onto the front and back 
of a single sheet of paper (see online Appendix B at 
http://ajmq.sagepub.com/supplemental). The front 
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page was designed to be completed when a clinical 
team becomes aware of the risk of airway management 
in a patient. It contains 2 sections: the first section is a 
procedural risk assessment, where the clinical team is 

asked to evaluate the presence of each previously iden-
tified evidence-based risk factor; the second section 
documents the plan developed by the team based on the 
risk assessment.

Figure 1. Process of developing NEAR4KIDS Airway Bundle Checklist.
Abbreviation: NEAR4KIDS, National Emergency Airway Registry for Children.
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The back page was designed to be used during the 
periprocedural period. Specifically, the third section rein-
forces a preintubation time-out, with checkboxes for 7 
key elements. The final section coaches the team to elicit 
and document immediate feedback from the bedside 

clinical team involved in the airway management to 
ensure process/equipment improvement.

No specific recommendations regarding medication 
choices were included in the current Airway Bundle 
Checklist. Although vagolytic use was associated with a 

Table 1. Patient, Provider, and Practice Factor–Associated Courses With TIAEs.

Category Characteristics
With TIAEs  
(n = 372)

Without TIAEs  
(n = 1449) P Value

With Severe TIAEs  
(n = 115)

Without Severe TIAEs 
(n = 1706) P Value

Patienta Age (year) 1 (IQR = 0-7) 1 (IQR = 0-7) .17 1 (IQR = 0-7) 1 (IQR = 0-7) .79
 Weight (kg) 10.8 (IQR = 5.3-22) 10.0 (IQR = 4.9-22.5) .20 10.0 (IQR = 5.9-19.4) 10.4 (IQR = 5.2-22.2) .84
 Sex (male) 57.9% 58.7% .78 52.2% 59.0% .16
 History of DA 14.8% 11.0% .04 16.5% 11.4% .10
 DA feature assessment
  Limited neck extension 6.7% 6.1% .72 6.1% 6.3% 1.00
  Limited mouth opening (0-2 fb) 23% 22% .62 30% 22% .036
  Small thyromental space (0-2 fb) 21% 17% .069 26% 17% .024
  Airway obstruction 17% 12% .019 19% 12% .044
  Midface hypoplasia 3.0% 3.0% 1.00 4.4% 2.9% .39
 Diagnostic categoryb .015 .003
  Resp-upper 10.3% 10.6% 10.9% 10.5%  
  Resp-lower 34.6% 34.0% 34.6% 34.1%  
  Cardiac-surgical 10.0% 8.6% 10.0% 8.8%  
  Cardiac-medical 5.6% 5.2% 7.3% 5.1%  
  Sepsis/Shock 12.3% 8.8% 15.5% 9.1%  
  Neurological 13.5% 19.1% 5.5% 18.9%  
  Trauma 0.6% 3.1% 0.0% 2.8%  
 Other 13.2% 10.5% 16.4% 10.7%  
 Oxygenation failure 39.3% 34.4% .08 51.3% 34.4% <.001
 Ventilation failure 37.9% 33.5% .11 47.8% 33.5% .002
 Therapeutic hyperventilation 3.0% 3.0% .99 5.2% 2.8% .14
 Neuromuscular weakness 4.3% 4.0% .80 4.4% 4.0% .87
 Impaired airway reflex 6.7% 7.7% .51 7.0% 7.6% .81
 Elective procedure 14.3% 15.9% .44 6.1% 16.2% .004
 Upper-airway obstruction 10.2% 11.1% .62 10.4% 11.0% .86
 Pulmonary toilet 5.7% 3.9% .13 5.2% 4.2% .59
 Unstable hemodynamics 16.9% 11.9% .01 33.0% 11.6% <.001
Practicec Method .77 .42
 Oral 96.5% 96.9% 95.5% 96.9%  
 Nasal 3.5% 3.1% 4.5% 3.1%  
 Device .51 .79
  Laryngoscope 96.5% 95.8% 96.4% 95.9%  
  Other 3.5% 4.2% 3.6% 4.1%  
 Use of vagolyticsd 42.9% 33.0% .001 39.6% 34.7% .29
 Fentanyl 62.3% 63.4% .70 63.1% 63.2% .99
 Midazolam 58.8% 55.9% .34 53.2% 56.7% .46
 Ketamine 21.6% 23.1% .56 27.9% 22.4% .18
 Propofol 7.5% 12.7% .007 6.3% 12.0% .07
 Etomidate 0.9% 1.7% .27 0.0% 1.6% .18
 Thiopental 0.3% 0.4% .70 0.9% 0.4% .40
 Nondepolarizing paralytics 89.3% 88.4% .62 84.7% 88.8% .18
 Succinylcholine 0.6% 0.8% .66 1.8% 0.7% .19
Provider Training level <.001 .21
  Resident 34.9% 20.1% 25.2% 22.9%  
  Fellow 33.7% 43.3% 33.3% 41.9%  
 Nonphysician provider (NP, RRT) 6.3% 10.0% .035 7.2% 9.4% .44

Abbreviations: DA, difficult airway; fb, finger breadth; IQR, interquartile range; NP, nurse practitioner; Resp, respiratory; RRT, respiratory therapist; TIAE, tracheal 
intubation–associated events.
aAnalysis includes each course of the encounter.
bn = 1622 (data missing in 199).
cAnalysis includes the first course of each encounter.
dVagolytic medications (eg, atropine, glycopyrrolate) were used more often in high-risk patients such as patients with ventilation failure (P < .001, Fisher exact test).
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higher occurrence of TIAEs in the univariate analysis, the 
committee decided that there was not enough evidence to 
suggest that this was an independent risk factor. After 
extensive discussions by the interdisciplinary team, many 
felt that vagolytics were being used for precautionary 
purposes when tracheal intubations were perceived to be 
high risk by providers or as therapy for witnessed brady-
cardia. Propofol use was associated with a lower occur-
rence of TIAEs in the univariate analysis. Propofol use 
also was significantly associated with elective procedure 
as an indication for tracheal intubation (elective tracheal 
intubation, 43%, vs nonelective tracheal intubation, 5%; 
P < .001). Because of its selective use in low-risk patients, 
no recommendations were made for propofol use.

Discussion

This report describes the interdisciplinary and evidence-
based development and successful pilot analysis for 
implementation of the NEAR4KIDS Airway Bundle 
Checklist for PICUs in North America. The process 
involved experts in intensive care, airway management, 
and QI. Existing risk factors and targets for improvement 
were identified through literature review and benchmark-
ing data collection using a multicenter QI database. The 
pilot checklist was generated and then evaluated and 
modified for usability by frontline providers. The QI 
committee developed the Airway Bundle Checklist 
implementation plan simultaneously, according to pub-
lished recommendations for the development of effective 
checklists in health care.23,24,25

Tracheal intubations in PICUs are known to be high-risk 
procedures. The multicenter QI committee chose to develop 
and implement a bundled QI intervention checklist. 
Checklists have been widely used in high-risk industries 
inside and outside health care.19,26,27 A checklist may have 
several functions: (1) as a forcing function to ensure due 
diligence (consistency of care), (2) to provide cognitive aids 
(especially for rare events), (3) to empower team members 

to speak up (providing psychological safety to ensure 
appropriate care), and (4) to enhance teamwork and com-
munication through a shared mental model.28 In this multi-
center collaborative, the QI committee created the Airway 
Bundle Checklist to address each of these functions. 
Furthermore, this checklist was developed using principles 
adopted from the airline industry, with consideration of 
human factors engineering and usability: each section was 
kept within 1 page; only essential items were retained; each 
item was described in brief, succinct, action-oriented termi-
nology; and the checklist itself was not prescriptive and did 
not preclude individual providers’ decisions. This checklist 
was carefully designed to balance comprehensiveness and 
utility. It was further evaluated through discussions among 
the QI committee and through pilot testing. As with check-
lists used in cockpits, no algorithms or flowcharts were 
included to assist decision making.28,29

There are similarities and differences between the 
Airway Bundle Checklist and those previously developed 
in health care. This checklist was specifically designed 
for the interdisciplinary workflow of tracheal intubation 
in PICUs: work as “done,” rather than work as “imag-
ined.” Three phases of tracheal intubation were identi-
fied: identification of at-risk patients and planning, 
time-out immediately before the procedure, and postpro-
cedural debriefing. The research team also has encour-
aged each PICU to modify the checklist based on their 
unit-specific workflow pattern while requesting that they 
keep items on the final collaboratively developed Airway 
Bundle Checklist. The team believes that this will 
improve adoption and compliance and also allow contin-
ued innovation. Any local modifications are reviewed 
and approved by the QI committee prior to implementa-
tion. This process is ongoing, and to date, 9 PICUs have 
successfully implemented the Airway Bundle Checklist.

It is important to recognize that the checklist is a single 
part of a larger QI intervention. Education of and buy-in 
and adaptation by frontline providers are essential. This 
implementation strategy and adherence to the bundle prac-
tice may be one of the major determinants of success or 
failure of the bundled intervention with a checklist. For this 
reason, through checklist development, the QI committee 
also simultaneously developed an implementation plan, 
including monitoring for adherence to the airway bundle.

Limitations

The research team acknowledges the following limita-
tions. First, the team chose to address only risk factors that 
were presumed amenable to checklist-based intervention. 
Higher system-level risk factors such as availability of 
subspecialists, staffing of the ICUs, or level of care pro-
vided to certain high-risk populations are not directly 
addressed. However, the research team anticipates that 

Figure 2. Safety workflow for impending respiratory failure.
Abbreviation: PICU, pediatric intensive care unit.
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Table 2. Feedback From the Sites for the Pilot Version of the Airway Bundle Checklist.

Response Items Result

Feasibility  
 When was the first page used? On admission 2 (15%)
 During rounding 3 (23%)
 During sign-out 0 (0%)
 At the time of ordering 

intubation medications or 
preparing equipment

6 (46%)

 Other 2 (15%)
 Was this timing effective? Yes 10 (83%)
 No 2 (17%)
 If not effective, what timing would you 

suggest?
Entire team should be present 
Emergent and the first page was not filled 
This is a thought process that should occur on 

every intubation and should not be necessary 
to write down

 Was the first page easy to use? Likert scale (1 = least, 7: most) Median 7 (range = 5-7)
 Were the critical processes on the 

second page easy to use?
Likert scale (1 = least, 7: most) Median 6 (range = 2-7)

 Was the postprocedure time-out on the 
second page easy to use?

Likert scale (1 = least, 7: most) Median 7 (range = 5-7)

Usefulness
 Was the first page useful for clinical 

practice?
Median 4 (range = 2-7)

 Were the critical processes on the 
second page useful for clinical practice?

Median 5 (range = 2-7)

 Was the postprocedure time-out on the 
second page useful for clinical practice?

Median 5 (range = 2-7)

Comments regarding the bundled checklist 
on the first page for clinical practice?

 
 
 
 
 

Having all team members present is important
Excellent, especially for centers without a clear 

process
Good teaching tool. Helped increase awareness 

of RN and residents.
I do not understand when one “anticipates” vs 

“imminent.” It is not going to be clear on all 
cases

[I] believe these are things we normally do and 
think about but beneficial to new learners

The checklist on the first page was easy to use 
and helpful in planning for the patient

Comments regarding critical processes on 
the second page for clinical practice?

 
 
 

Important reminders
In emergent situation, page 2 checklist will cost 

valuable time
In hectic situations, this forced practitioners to 

step back and time-out
The second page is cumbersome: it would take 

some ongoing training to be able to use this 
efficiently and effectively. Might be better to 
shorten statements and have a “yes”

Comments regarding the postprocedure 
time-out on the second page for clinical 
practice?

 
 
 

Fellow found this very useful
Great for team-building experiences
May be useful if things do not go smoothly
This section worked well and helped review 

process and address safety concerns
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these system factors also will be influenced by introduc-
ing this Airway Bundle Checklist QI intervention because 
it may trigger preparation and changes to the local safety 
culture regarding pediatric airway management in PICUs.

Second, the decision to use a checklist-based interven-
tion as a method of QI was arbitrary. One could argue that 
other interventions (eg, simulation-based education,30 
incentive-based intervention) also might be effective. 
Although the checklist seems to be a powerful interven-
tion, the research team remains open to continued devel-
opment and opportunities for future interventions.

Future Directions

The effectiveness and efficiency of the checklist-based 
QI intervention to reduce adverse TIAEs needs to be rig-
orously evaluated. The participating PICUs will continue 
to collect and report not only tracheal intubation–related 
data to assess the effectiveness of the bundled interven-
tion but also adherence data for the checklist QI interven-
tion. This includes the proportion of tracheal intubations 
accompanied by a completed checklist over all tracheal 
intubations at each PICU. These data will be utilized 
when the effectiveness of the checklist-based bundle 
intervention is assessed as a reduction of the adverse 
TIAEs at each site in a longitudinal fashion. Furthermore, 
the system-level factors associated with the implementa-
tion of this QI intervention using the checklist need to be 
evaluated before the Airway Bundle Checklist is dissemi-
nated widely into general practice. The research team 
plans to conduct a mixed-methods study, including a 
qualitative analysis, to identify barriers to QI intervention 
at each site. With this information, the development of a 
QI implementation toolkit that is customizable to meet 
each ICU’s needs may become possible. The team fore-
sees the toolkit as a checklist tailored to each site’s needs 
while maintaining core universal items, with a tailored 
implementation plan and the checklist adherence 
metrics.

Conclusions

Tracheal intubation is a complex, high-risk procedure 
that can lead to harmful TIAEs. The development of the 
NEAR4KIDS Airway Bundle Checklist was feasible 
using a systematic approach with robust baseline data 
analysis, interdisciplinary workflow analysis, and pilot 
testing. The Airway Bundle Checklist developed may 
lead to improved airway management safety in many 
PICUs.
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