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Pediatric Tracheostomy Emergency Readiness Assessment 
Tool: International Consensus Recommendations
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Abstract

Objective: To achieve consensus on critical steps and create an assessment tool for actual and 

simulated pediatric tracheostomy emergencies that incorporates human and systems factors along 

with tracheostomy-specific steps.

Methods: A modified Delphi method was used. Using REDCap software, an instrument 

comprising 29 potential items was circulated to 171 tracheostomy and simulation experts. 

Consensus criteria were determined a priori with a goal of consolidating and ordering 15 to 25 

final items. In the first round, items were rated as “keep” or “remove”. In the second and third 

rounds, experts were asked to rate the importance of each item on a 9-point Likert scale. Items 

were refined in subsequent iterations based on analysis of results and respondents’ comments.

Results: The response rates were 125/171 (73.1%) for the first round, 111/125 (88.8%) for 

the second round, and 109/125 (87.2%) for the third round. 133 comments were incorporated. 

Consensus (>60% participants scoring ≥8, or mean score >7.5) was reached on 22 items 

distributed across three domains. There were 12, 4, and 6 items in the domains of tracheostomy-

specific steps, team and personnel factors, and equipment respectively.

Conclusions: The resultant assessment tool can be used to assess both tracheostomy-specific 

steps as well as systems factors affecting hospital team response to simulated and clinical pediatric 

tracheostomy emergencies. The tool can also be used to guide debriefing discussions of both 

simulated and clinical emergencies, and to spur quality improvement initiatives.
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INTRODUCTION

Pediatric tracheostomy is associated with high morbidity and mortality, with complication 

rates ranging from 12.6% to 30% in children, and 5-year tracheostomy-associated mortality 

between 1% and 8%.1–4 Accidental decannulation and tube obstruction are crisis scenarios 
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which require swift, coordinated, complex team-based care for effective management to 

prevent hypoxic brain injury and mortality.5,6 Multiple surveys of non-otolaryngologist 

health care providers have demonstrated knowledge gaps and discomfort with tracheostomy 

care.7–10 In response, educational programs including simulation training have demonstrated 

improvement in health care providers’11–15 and caregivers’16 knowledge, skills, and comfort 

with tracheostomy management. Hands-on nursing skills training programs have also 

been associated with decreases in severe complications17,18 and ICU readmissions19 in 

adult patients with tracheotomies. However, hospital team performance and emergency 

readiness for pediatric tracheostomy emergencies, such as accidental decannulation and 

tube obstruction, are understudied. This is likely due to the fact that studies targeting 

clinically significant but low-frequency events20 may be under-powered to detect changes, 

and few of these studies move beyond learner-centered training, which is among the 

weakest educational interventions,21 to the assessment, training, and refinement of teams 

and systems22 to more fully realize the power of simulation to improve patient care.

In situ simulation, wherein medical teams operate in their actual clinical environments using 

tools and resources typically available to them to manage the scenario at hand, is a powerful 

quality improvement tool23–29 ideally suited to assess systems readiness for high-stress, 

high-acuity, low-frequency scenarios.30–35 Furthermore, the in situ setting recreates complex 

systems to detect latent safety threats (systems flaws which have the potential to combine to 

cause harm to patients and staff),35–49 train interprofessional teams36,37,50–55 and implement 

novel protocols.41,56–58

Although simulation has been employed as a quality improvement tool to identify systems 

errors pertinent to pediatric tracheostomy emergency management,11,39,40 the lack of 

validated assessment tools for team performance58 in response to a pediatric tracheostomy 

crisis scenario limits comparison of units and hospitals to one another and measurement 

of the effectiveness of interventions on tracheostomy emergency readiness. Remick et al. 

developed a survey59 assessing pediatric emergency department readiness nationally and 

correlated these scores with clinical outcomes60; however, tracheostomy emergencies were 

not specifically addressed in their pediatric readiness survey.

The current project aims to address this gap. By developing a practical assessment tool 

for evaluation of provider readiness in pediatric tracheostomy emergency events and 

simulations, we expect to gain comprehensive insight into the complex multidisciplinary 

systems in which pediatric tracheostomy care is delivered. This tool will also serve as a 

valuable guide to debriefing both clinical and simulated tracheostomy emergency events.

Our objective was to survey tracheostomy and simulation experts to arrive at a consensus 

instrument which combines tracheostomy-specific (to evaluate discrete manual steps) and 

systems-based (to evaluate overall readiness and communication of hospital units) domains 

into a single pediatric tracheostomy emergency readiness assessment tool.
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METHODS

To create a tool with broad generalizability and applicability, we followed the initiative of 

Propst et al.61 to survey a large international group of experts using a modified Delphi 

consensus process. The Delphi process, originally developed by the RAND Corporation 

in the 1950s to forecast the impact of technology on warfare, narrows down concepts 

through iterative rounds of questionnaires until consensus is achieved.62 Using a modified 

Delphi process with input from our steering committee of authors, we planned a series of 

asynchronous surveys to promote inclusivity and geographic diversity.

Based on clinical experience and tracheostomy and simulation literature, five authors (EBS, 

EJP, KB, KJ, CJY) identified 29 items for potential inclusion in a pediatric tracheostomy 

emergency readiness assessment tool. These items were divided into three domains: 

“Systems factors: Communication and Team-work”, “Systems factors: Equipment”, and 

“Tracheostomy-specific steps”. Four of the authors (EJP, KB, KJ, CJY) are fellowship-

trained pediatric otolaryngologists–head and neck surgeons. One author (EJP) has previously 

published stepwise approaches for trainees to learn how to perform tracheotomy and open 

airway surgery. Another author (KB) has expertise in the use of the modified Delphi 

consensus process. Authors KJ and CJY are healthcare simulation experts.

The list of items was entered into questionnaire format using Research Electronic Data 

Capture (REDCap).63,64 REDCap was selected because iterative questionnaires can be 

answered and submitted directly via the email link through which they are received without 

respondents needing to download, complete, and upload files. Additionally, demographic 

data need only be collected once, with the first survey. Our aim was to make questionnaire 

completion simple and fast, thereby increasing the response rate and decreasing time to 

respond.

Approval was obtained from the institutional review board at Einstein-Montefiore (#2018–

9241) and consent was obtained from all participants.

Experts in the field of pediatric tracheostomy were selected by reviewing membership 

lists of the American Society of Pediatric Otolaryngology, American Academy 

of Otolaryngology-Head and Neck Surgery (AAO-HNS) Pediatric Otolaryngology 

Education Committee, the Global Tracheostomy Collaborative, the International Pediatric 

Otolaryngology Group (IPOG), and by reviewing the list of pediatric otolaryngology 

faculty at academic institutions worldwide. Simulation experts were selected by reviewing 

membership lists of the AAO-HNS Simulation Education Committee, many of whom had 

expertise in medical education. Individuals with a strong publication record in pediatric 

tracheostomy and/or health care simulation were also included. To maintain geographic 

diversity, no more than five individuals from a single academic center were included. 

Individuals who were no longer practicing were excluded. Prospective participants were sent 

an email invitation with an embedded personalized link to their unique survey explaining the 

study purpose and methodology. Membership on the panel was kept anonymous from other 

experts. Given the amount of work and input required by each respondent, experts were 

offered authorship (pending journal editorial approval) if they completed all rounds of the 
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survey, with priority determined by the order in which they responded (tracked by REDCap). 

Experts were contacted four times (invitation and three reminders) for each round.

During the first round, experts were instructed to rate each item on the survey as “keep” or 

“remove.” A section for comments and suggestions for adding, modifying, or combining 

items was provided after each of the three domains (Table I), along with a space to 

nominate other experts to participate. Responses were exported to a Microsoft Excel file, 

and two investigators (EBS and CJY) each independently reviewed responses and met on 

one occasion to incorporate suggestions. It was decided a priori that each task needed to 

have 50% of respondents rating it as “keep” for it to be included, although the steering 

committee of authors could elect to include items in the next round if it was felt that further 

clarification was needed. To decrease the flow of unwanted emails, it was decided that 

subsequent rounds would only be distributed to those who had completed the initial survey 

round. The large number of expert respondents and the potential risk of senior voices biasing 

others precluded group discussion between rounds. All participants’ input had equal weight, 

and opportunity was given to all to submit comments in the surveys.

During the second round, experts were instructed to rate the importance of each item using 

a 9-point Likert scale (1 = not at all important; 5 = neutral; 9 = extremely important) (Table 

II). Based on input from round one, the items were redistributed into two, instead of three 

domains. A line for comments and suggestions was included after each domain. Anonymous 

results were exported to an Excel file, and a mean score was determined for each item, with 

inclusion dependent on the degree of consensus reached.

Modified Delphi consensus criteria were developed a priori based on prior modified Delphi 

publications in the field,61,65,66 and discussion among the primary authors (EBS, EJP, KB, 

KJ, DL, CJY). These differed from the American Academy of Otolaryngology consensus 

criteria with respect to treatment of outliers67 due to the large number of experts (171) 

surveyed. Furthermore, to achieve a concise assessment tool of 15–25 items, we asked 

respondents to limit the number of items that they ranked highly, knowing this would likely 

result in excess heterogeneity in the composite ranking of survey items. It was thus decided 

that consensus could be achieved from such a large cohort by considering the mean score of 

each component on the survey, regardless of the number of outliers.

Based on these considerations, each item was determined to have (1) “Consensus” if either 

greater than 60% of responses scored it 8 or 9, or if the mean score was greater than 7.5; (2) 

“Near consensus” if greater than 40% of responses scored it 8 or 9, and a mean score greater 

than 5.0; (3) “No consensus” if criteria 1 or 2 were not met. We therefore decided a priori 
that any initial results from the second round that achieved “consensus” or “no consensus” 

would not be subject to further review unless the authors felt that there was a need for 

further clarification.

We decided to aim for 15 to 25 items in our final assessment tool to achieve a balance of 

having sufficient points such that the assessment tool would have discriminatory value, and 

not having too many as to pose an undue burden on the grader. This goal was shared with 
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respondents to guide them toward ranking 15–25 items highly, and to decrease the overall 

duration of the study.

During the third round, experts were instructed to re-rank a subset of items that had achieved 

“near consensus” during round two (Table III). Any items failing to achieve “consensus” at 

this point were censored from the final assessment tool (Figure 1).

Descriptive statistics were generated via IBM SPSS Statistics for Windows, (Version 

28.0.1.0) Armonk, NY, and Microsoft Excel (Version 2210), Redmond, WA.

RESULTS

One hundred and seventy-one experts were contacted. Respondents from all rounds 

represented 12 countries and 83 institutions. Of the 125 respondents (90 male, 35 female), 

114 were experts in airway management and 37 in health care simulation (including 26 in 

both).

The first round achieved a response rate of 125/171 (73.1%). Three items did not meet the 

threshold of 50%. Of these, one was dropped from the list. One was rephrased based on 

respondents’ comments. One was kept based on clinical judgment of the authors, expecting 

it to achieve consensus in a later round. There were 56 missing responses out of 3,625 

possible items (125 experts, 29 items) for a completion rate of 98.5%. There were 82 

comments incorporated into the items to be used in the second phase (Table I). The time for 

completion of round 1 was 14 days.

In the second round, two domains of items were distributed (Table II), along with a 

final section asking for preference regarding terminology (tracheotomy vs. tracheostomy) 

and organization of assessment tool. The response rate was 111/125 (88.8%). There 

were 33 missing responses out of 3,330 possible items (111 experts, 30 items) for a 

completion rate of 99.0%. For the 28 assessment tool items, 21 reached consensus, 4 

reached near consensus, and 3 items reached no consensus. Results of the final section 

showed 73 respondents preferred “tracheostomy,” 14 preferred “tracheotomy,” and 22 had 

no preference. Sixty-three (57.8%) voted for “Tracheostomy-specific steps” to be first in an 

assessment tool. There were 42 comments incorporated into the final assessment tool. The 

time for completion of round 2 was 16 days.

In the third round, respondents were shown graphs of the data from survey round two. These 

data were redistributed into three domains and color-coded to demonstrate which items had 

not achieved consensus (Figure 2). The response rate was 109/125 (87.2%). There were 0 

missing responses out of 763 possible items (109 experts, 7 items) for a completion rate of 

100%. One additional item achieved consensus, and six did not (Table III). There were nine 

comments. The time for completion of round 3 was 14 days.

DISCUSSION

Pediatric tracheostomy emergencies are high-acuity, low frequency events. Following the 

work of Remick et al. in the PedsReady Initiative,59 we believe that a proactive approach 
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to pediatric emergency readiness is both necessary and effective to ensure patient safety. A 

pediatric tracheostomy emergency readiness assessment tool will allow accurate assessment 

of hospital’s and individual units’ capability of responding to these events, both through 

in situ simulation and through debriefing clinical events. While separate instruments and 

algorithms exist to audit tracheostomy-specific steps68 for emergency management40,69 and 

teamwork,70 the tool developed in this study (Figure 3) measures both tracheostomy-specific 

and systems (communication, equipment, etc) factors. Furthermore, the incorporation of 

diverse expert opinion for its development establishes both face and content validity.

We obtained high response rates for all three rounds. Our response rate was 73.1% 

(125/171), 88.8% (111/125), and 87.2% (109/125) for rounds one, two, and three 

respectively. A response rate of 60% for survey research is considered acceptable by 

many biomedical journals.71 In addition, >98% of items were completed for all submitted 

questionnaires for each round. We attribute this response rate to the selection of clinicians 

experienced in this area of medicine, ease of use of the REDCap questionnaire, assurance 

of anonymity, and offer of authorship. Furthermore, many comments attested to the high 

importance of this project to providers in the field. The time for completion of this study was 

71 days, including time for data analysis between each round. We believe the above factors 

allowed for less fatigue and greater motivation, and the short interval between questionnaires 

kept the interest level high.

In the first survey, all but three items achieved >50% respondents ranking “keep.” Edits 

made are explained in Table AI. Of note, “Appropriate PPE is donned in accordance with 

institutional protocols” was kept in through the next round despite its low “keep” response 

rate (48.4%). Several comments implied that respondents assumed that the survey was 

for a clinical checklist, as some experts opined that PPE “may not be feasible in every 

emergency” and may cause a dangerous delay of care in a critically ill patient. This was 

clarified in survey rounds two and three, and the item was ultimately omitted due to not 

reaching “consensus”. The sequence of items was changed in survey two to reflect the more 

realistic chronology of a clinical scenario.

In the second survey round, four items reached “near consensus” and three reached “no 

consensus”. Of note, several respondents commented that they would have ranked all items 

high, but limited their choices based on our instructions. Based on comments and the clinical 

judgment of the authors, it was decided to include all seven of these items in survey round 

three. Survey items were returned to the original distribution between three domains, named 

“Tracheostomy-specific steps”, “Team and Personnel”, and “Equipment”.

In the third survey round, one item reached consensus: “There is a clear team leader.” 

Responses and comments for items that did not reach consensus were acknowledged as 

important for preventing further adverse events, but not of highest priority for inclusion 

in a concise tool. Most of the items that did not reach consensus were in one of the two 

domains that addressed systems factors (Table AII). This may reflect a task or procedural 

emphasis within otolaryngology. This may also underscore a trend among individual health 

care providers to underestimate the importance of surrounding systems factors which 

influence team performance, or lack of consensus as to which specific systems factors 
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are most impactful. Even a well-trained team may fail to effectively respond to a pediatric 

tracheostomy emergency due to systems errors such as lack of equipment availability or 

communication breakdown such as lack of a clear team leader. While some items such 

as donning appropriate PPE are not included in our final assessment tool (Figure 3), we 

maintain that such systems factors remain important considerations for patient and clinician 

safety.

Tracheostomy emergencies are complex, low-frequency, and often life-threatening events. 

This tool can be used to assess pediatric tracheostomy emergency readiness from a systems 

perspective and can highlight safety concerns as targets for interventions before they reach 

a patient. We anticipate that use of this assessment tool (Figure 3) will foster a culture of 

safety29,34 and engagement, wherein multidisciplinary teams composed of key stakeholders 

will be empowered in their work to improve pediatric tracheostomy emergency care and 

safety.

Reliance on expert opinion was both a strength and limitation of this study. To balance 

initial item and author selection by the primary authors, we allowed respondents to submit 

suggestions for additional items and authors to be considered and included.

Future multi-institutional studies of this pediatric tracheostomy emergency scenario 

assessment tool are required for refinement of this pilot instrument. These include 

investigating construct validity, including the degree to weight individual items and 

domains in overall scoring, ease of use, acceptability, and generalizability for debriefing 

simulated and clinical events. We anticipate that this tool can be used for immediate 

diagnostic evaluation of systems readiness as well as measurement of the impact of quality 

improvement implementation measures over time. Broad and structured dissemination of 

this tool is required to permit independent evaluations, and to measure correlations between 

pediatric tracheostomy emergency readiness and clinical outcomes.

CONCLUSION

Consensus has been reached on factors to include in an assessment tool for pediatric 

tracheostomy emergency readiness. This was made possible using the modified Delphi 

consensus process described herein. These items can now be considered to create and 

validate a pediatric tracheostomy emergency readiness assessment tool that incorporates 

tracheostomy-specific and systems factors.
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APPENDIX

TABLE AI.

Emendations to survey items between survey rounds.

Location Initial text Updated text Rationale/comments

Changes from 
Survey #1

Team members call out next 
steps
Team factor: Closed 
loop communication with 
callbacks

Team utilizes closed 
loop communication (verbal 
confirmation of issued 
instructions in real time)

Redundancy of having 2 
separate items. Clarification of 
“closed loop communication”

Head tilt/Jaw thrust
Towel roll/Shoulder roll

Optimize position (e.g., Head-
Tilt/Jaw- Thrust/Shoulder-Roll)

Items were all in 1 category 
of optimization of patient 
position

– Following debrief, learning goals 
are disseminated to relevant 
providers

Added based on comments
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Location Initial text Updated text Rationale/comments

Changes from 
Survey #2

Team calls for airway expert 
help

Call for airway expert help Moved from systems factors: 
communication and teamwork 
domain to tracheostomy 
specific steps

Check for spontaneous 
breathing

Check for spontaneous breathing 
(i.e., EtCO2)

Clarification

Ensure trach ties are tight Ensure trach ties are 
appropriately tight

Confusion regarding degree of 
tightness required

If trach tube dislodged, 
correctly replace trach tube

If dislodgement or obstruction 
not relieved by suctioning, then 
correctly replace trach tube

Clarified based on comments

TABLE AII.

Items which did not achieve consensus

1 Team utilizes closed loop communication (verbal confirmation of issued instructions in real time)

2 Following debrief, learning goals are disseminated to relevant providers

3 There is a runner assigned (to obtain supplies)

4 Appropriate PPE is donned in accordance with institutional protocol

5 Confirm trach flanges flush with skin (remove gauze/drain sponges/skin barriers)

6 Ensure trach ties are appropriately tight
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Fig. 1. 
Flowsheet of Methods. *Experts identified from rosters of AAO-HNS, ASPO, IPOG, GTC, 

and peer nominations. **Feedback from survey comments were incorporated into each 

subsequent round. ***Each survey was distributed only to those who had engaged with the 

prior survey.
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Fig. 2. 
Results of Survey 2: Light-shaded bars represent items below the threshold of “consensus”. 

List of items in Domains 1 and 2 are reordered according to the y-axis values. Items in 

Domain 3 were not reordered to maintain the clarity of step-wise maneuvers necessary in 

this category. *Clear Team Leader achieved consensus in round 3, despite not achieving 

consensus in round 2.
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Fig. 3. 
Pediatric Tracheostomy Emergency Readiness Assessment Tool. Items are to be scored with 

a binary “Yes” or “No” via checks. Each domain’s completed steps should be summed to 

generate a composite “Sub-Score” for that domain.
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