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Abstract

Objective—To describe promoters and barriers to implementation of an airway safety quality
improvement (QI) bundle from the perspective of interdisciplinary frontline clinicians and ICU QI
leaders

Design—Mixed methods
Setting—Thirteen pediatric intensive care units (ICUs) of the NEAR4KIDS network

Intervention—Remote or on-site focus groups with interdisciplinary ICU staff. Two semi-
structured interviews with ICU QI leaders with quantitative and qualitative data-based feedback.

Measurements and Main Results—Bundle implementation success (compliance) was
defined as = 80% use for tracheal intubations for three consecutive months. ICUs were classified
as early or late adopters. Focus group discussions concentrated on safety concerns, and promoters
and barriers to bundle implementation. Initial semi-structured QI leader interviews assessed
implementation tactics and provided recommendations. Follow-up interviews assessed degree of
acceptance and changes made after initial interview. Transcripts were thematically analyzed and
contrasted by early vs. late adopters.

Median duration to achieve success was 502 days (IQR: 182-781). Five sites were early (median
153 days, IQR 146-267) and eight sites late adopters (median 783 days, IQR 773-845). Focus
groups identified common promoterthemes: interdisciplinary approach, influential champions,
and QI bundle customization and barrierthemes: time constraints, competing paperwork and QI
activities, and poor engagement. Semi-structured interviews with QI leaders identified effective
and ineffective tactics implemented by early and late adopters. Effective tactics included
interdisciplinary QI team involvement (early adopter: 5/5, 100% vs late adopter: 3/8, 38%,
p=0.08); ineffective tactics included: physician-only rollouts, lack of interdisciplinary education,
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lack of data feedback to frontline clinicians, and misconception of bundle as research instead of QI
intervention.

Conclusions—Implementation of an airway safety QI bundle with high compliance takes a long
time across diverse ICUs. Both early and late adopters identified similar promotor and barrier
themes. Early adopter sites customized the QI bundle and had an interdisciplinary QI team
approach.

Keywords
endotracheal intubation; safety; quality improvement; checklist; pediatrics; intensive care units

INTRODUCTION

Tracheal intubation (T1) is a life-saving procedure for critically ill children in pediatric ICUs
(1-2). However, TI procedures are associated with complications and poor outcomes (3-11).
Specifically, our previously published studies revealed 20% of Tls are associated with
adverse T1 associated events (TIAESs), and 6% are associated with severe TIAES such as
hypotension requiring intervention or cardiac arrests (3, 12). Although not all adverse events
in critically ill children are preventable, we have identified specific patient, clinician, and
practice factors associated with the occurrence of adverse TIAEs (3-8). Importantly, these
factors are potentially modifiable. With these data, the National Emergency Airway Registry
for Children (NEAR4KIDS), a multicenter TI quality improvement (QI) collaborative,
developed an airway QI bundle to improve safety of Tls across diverse pediatric ICUs (5).

Implementation of QI interventions is often difficult due to a combination of inherent
reluctance to change strongly established practice patterns and financial and/or physical
space limitations (13). Although a checklist is often used as a powerful vehicle to implement
specific QI interventions, this does not negate the challenges inherent to team based
interactions and complex procedures (14). Key factors of an organization such as structural
characteristics, external forces, resources for management and incentive, a culture of safety,
and teamwork/leadership participation can have an effect on the successful implementation
of patient safety initiatives (15). However, key factors for QI success identified in the
literature vary and are often content and location specific (e.g., central line associated blood
stream infection) (16). Furthermore, these identified key factors have not been routinely
reported for most QI projects.

In this study, we evaluated the implementation process of a multicenter NEAR4KIDS airway
safety QI bundle checklist as a key QI intervention across 13 diverse pediatric ICUs in 12
institutions. We utilized a mixed methods approach with: (1) qualitative data from
interdisciplinary frontline clinician focus groups, (2) semi-structured interview data from QI
leaders, and (3) ICU QI bundle compliance data for all Tls to achieve comprehensive
understanding (16). We sought to identify promoters and barriers and determine whether
promoters/barriers and implementation approach chosen by QI leaders may be different
between early and late adopter ICUs.
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MATERIALS AND METHODS

This is a prospective multicenter study with a mixed methods approach. The overall study
diagram is displayed in Figure 1. The NEAR4KIDS registry is a large international
multicenter QI collaborative to improve TI quality and safety in pediatric ICUs (3). Data
collection for this study had been either approved or declared exempt by the Institutional
Review Board (IRB) at each participating site. The patient, clinician, and practice factors,
process and outcomes of each TI were prospectively collected at the time of the procedure.
This procedure was monitored by a compliance plan which ensured validation of data
accuracy, timely data entry, and >95% TI capture (3).

Airway safety QI bundle checklist development and implementation

The checklist development process has previously been described in detail (5). Briefly, a
multi-center interdisciplinary QI committee was formed through the NEAR4KIDS
collaborative to reduce high adverse T1 associated event rates observed in baseline data from
13 pediatric ICUs (3). The committee decided to utilize a specifically developed QI bundle
checklist to: 1) enforce a plan to ensure consistency, 2) provide cognitive aids, 3) ensure
clinicians’ psychological safety to provide appropriate care, and 4) enhance teamwork and
communication through a shared mental model across disciplines. The QI bundle checklist
was developed to follow bedside workflows: preparation (risk identification and planning),
pre-procedure timeout, and post-procedural debriefing (Supplemental Digital Content 1).
The ICU oversight body at each institution approved this as a part of QI activity. Each ICU
QI leader was also required to review and modify the QI bundle checklist to match their
local bedside workflow around TI. As a part of the QI bundle, each ICU received a quarterly
site benchmarking report which included a standard run chart for bundle checklist use and a
control chart for the occurrence of adverse TI associated events. Each site leader was
requested to review these data with their interdisciplinary frontline clinicians. An
educational video which highlighted the interdisciplinary practice in using the QI bundle
checklist [https://www.youtube.com/watch?v=Y CGPOI6E1rc&feature=youtu.be] was
provided for each site leader for staff education. Through bi-monthly teleconference calls,
the QI bundle checklist implementation process was discussed with a strong emphasis on
interdisciplinary involvement. Lastly, American Board of Pediatrics maintenance of
certification points were offered to pediatric physician providers at each participating ICU if
he/she was fully engaged in the QI activity.

Qualitative data collection

Focus groups with interdisciplinary pediatric ICU clinicians—Following IRB
approval and participant consent, a focus group was held at each site within nine months
after QI bundle implementation. Each ICU QI leader recruited a group of interdisciplinary
pediatric ICU clinicians for a 1-hour focus group. Each group had a maximum of 10
clinicians including a maximum of three physicians to ensure interdisciplinary opinions
were captured. QI leaders were not allowed to participate to ensure an open and honest
discussion. Focus groups were facilitated by a moderator (KFD) either on-site (seven) or
remotely (five) using video conference technology (Skype, Skype Technologies S.A.,
Luxembourg). The moderator had ample experience with focus group interviews and formal
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training in qualitative methodology. Each focus group followed a scripted introduction and
set of structured questions about airway management safety in general and promoters and
barriers of the QI bundle checklist implementation process (Supplemental Digital Content
2). Each focus group was audio-recorded, transcribed verbatim, and a de-identified transcript
was developed.

Two authors (KFD, HB) used inductive analysis to identify common themes captured in the
raw transcript content. Transcripts were read several times, coded to develop categories, and
ultimately general themes emerged (17-18). Each theme was expanded or made more
concise, as appropriate (19). The summary of themes was sent to focus group participants
through each site leader and the participants confirmed there were no errors or
misinterpretations (17). In addition, the focus group summary was provided to the QI leader
to improve QI bundle implementation.

Semi-structured interviews with ICU QI leaders

Initial interview: Each site leader was interviewed by a single QI committee member (NN)
using semi-structured questions. The initial interview was held concurrently at the time of
the focus group or at a separate time via telephone (Figure 1). The interview focused on the
implementation process of the QI bundle checklist from the site leader perspective. Semi-
structured questions included presence or absence of interdisciplinary team formation for Tl
safety, chosen method to review and disseminate benchmarking TI safety data, and presence
or absence of other TI related QI activity. During the interview, each sites’ benchmark QI
data were also reviewed. Potential solutions were suggested to improve QI bundle checklist
uptake and airway management safety. Site leader responses were documented by the
interviewer for analysis. After the interview, each site leader received a summary of the
discussion to ensure accuracy.

Follow-up interview: Each site leader was interviewed by a member of the QI committee
six months after the initial interview and receipt of their institution’s focus group summary
(average 6.3 months, range 4.7-8.0 months) (Figure 1). The purpose was to assess how
results of the initial interview with each QI leader and the focus group summary were
utilized at each ICU to improve compliance with QI bundle checklist use. Detailed notes
were taken to assess changes at each site and to develop future QI implementation tactics.
Qualitative inductive analyses of both interviews were performed by the same author (NN).

Quantitative data collection

QI bundle compliance—Each ICU reported the use of the QI bundle checklist for each
TI encounter in addition to the required standard NEAR4KIDS data points. Specifically, the
use of the QI bundle checklist was reported as either: (1) fully used (all three sections of the
checklist used), (2) partially used (only one or two sections of the checklist were used), or
(3) not used. We considered the TI encounter as compliant only if all three sections of the
checklist were fully used. The ICU-specific compliance rate was calculated by the following
formula: Tls with the fully completed checklist divided by all TI encounters for a given
period.
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Each ICU QI leader reported their airway bundle QI checklist go-live date to the data
coordinating center. Sites were considered QI bundle compliant if their monthly compliance
rate reached equal or above 80% for three consecutive months. This criterion was
prospectively designated. The duration for QI bundle uptake was defined as the duration
from the go-live date to the first date of the month when the ICU became compliant.

Data Analysis

RESULTS

We a priori defined each participating ICU in two categories: (1) early adopter defined as the
sites who achieved QI bundle compliance criterion less than the median period of all sites
that ultimately achieved the criterion, and (2) late adopter defined as the rest of the sites.
Similarities and differences in promotors and barriers in QI bundle implementation were
explored by early and late adopter sites. The QI bundle implementation tactics used at each
ICU was similarly analyzed. An interdisciplinary team was defined as the leadership from
more than one discipline (e.g., physicians/nurse practitioners, nurses, respiratory therapists)
formed a specific team or task force to implement the QI bundle.

Statistical analyses—For quantitative data, summary statistics were described with
counts, proportions (%), medians, and interquartile ranges (IQR). For categorical variables
with a dichotomous outcome, a contingency table method was used with Fisher’s exact test.
For a comparison of numeric variables, Wilcoxon rank-sum test was used with Stata 11.2
(College Station, TX, USA). A p<0.05 was considered significant.

QI bundle implementation

Thirteen pediatric ICUs from 12 institutions in the United States initiated the QI bundle
implementation between January 2013 and January 2014, the bundle compliance was
followed monthly until June 2015. Table 1 summarizes participating ICU characteristics.
The duration from initial inception of the QI bundle checklist implementation to time
achieving compliance criteria was a median of 502 days (IQR: 182—781days). The median
duration to compliance was 153 days for early adopting ICUs (n=5) and 783 days for late
adopting ICUs eventually meeting compliance criteria (n=5, Table 1). Three ICUs (23%) did
not meet compliance criteria during the study period.

Focus groups with ICU clinicians

Twelve focus groups with interdisciplinary frontline clinicians were conducted with 13 ICUs
at a median of 610 days (IQR: 533-621) after implementing the QI bundle. Two pediatric
ICUs (non-cardiac and cardiac) from one institution held a combined focus group. Table 2
describes the timing of the focus group interview, method, and participants (5-10 per group)
and Table 3 summarizes participant demographic information. The average ICU experience
of participants was 11 years (median 8 years, IQR: 4-14).

All focus group participants verbalized a fundamental understanding of the purpose of the
QI bundle, identified promotor and barrier themes, and thematic saturation was achieved. In
all focus groups, six common themes were discussed to varying degrees, except one group
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who did not describe any barriers (this was a late adopting site). Promoter and barrier themes
did not differ among early vs. late adopter sites.

Promoter Themes

Theme 1 - Interdisciplinary education and QI bundle completion. Participants
expressed that all clinicians should be aware of, educated about, and participate in the
implementation and completion of the QI bundle.

Theme 2 - Influential site champions. Participants expressed the need and benefit of
having someone on the clinical staff, regardless of role, truly invested in the QI
bundle implementation that was available to coach and support its use.

Theme 3 - Bundle customization. As sites had increasing experience with the QI
bundle, participants expressed the desire to modify the format to better fit with their
daily work flow and unit culture.

Barrier Themes

Theme 1 - Lack of time. Participants voiced concerns over not having adequate time
to complete the QI bundle checklist.

Theme 2 - Competing paperwork/Ql initiatives. Participants often had competing
demands in terms of paperwork and projects.

Theme 3 - Clinician buy-in. Participants expressed that gaining staff buy-in from all
disciplines was challenging.

Semi-structured interview with ICU QI leader

Initial interview—Three themes around implementation tactics were identified by ICU QI
leaders. The themes are listed below in their ineffective form (negative). Early adopter ICUs
were more likely to have introduced the QI bundle as a QI initiative rather than a research
project and were more likely to have included interdisciplinary ICU staff (at least two
disciplines; physicians plus nurses and/or respiratory therapists) when implementing
baseline mandatory education and developing a QI team (100% vs 38%, p=0.08).

Theme 1 — Confusion about the purpose of the QI bundle. There was a lack of
recognition from ICU QI physician leaders that this was a QI initiative, not a research
study.

Theme 2 — Disorganized initial implementation plan. There was failure to follow
standardized processes in implementing a new QI initiative in a locally accepted
manner, to customize the QI bundle checklist to local needs, to integrate the QI
bundle checklist into the work flow of the unit, and develop clear guidelines how to
use the QI bundle checklist for patients identified “at risk for tracheal intubation”.

Theme 3 — Lack of interdisciplinary education, involvement, and data sharing. Initial
education and rollout as well as T safety data and QI bundle checklist compliance
feedback was limited to physicians. Nursing and respiratory therapy were only
involved at the leadership level without reaching frontline clinicians.

Pediatr Crit Care Med. Author manuscript; available in PMC 2018 October 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Davis et al.

Page 8

Follow-up interview—A follow-up semi-structured interview with site leaders was held
approximately 6 months (median: 199 days, IQR: 142-405) after initial interview to follow
up on the suggestions given at that time and the focus group summary. The latest T safety
data and QI bundle compliance rates were also provided. Table 4 demonstrates typical
suggestions from the initial interview that were/were not carried out by QI leaders. Early
adopter sites implemented more tactics suggested at the initial interview.

DISCUSSION

This study describes our experience implementing an airway safety QI bundle intervention
across diverse pediatric ICUs. We were able to use a mixed methods approach using both
qualitative and quantitative data. This triangulation of data strengthens our research findings
by giving a more comprehensive insight into a topic, providing both verification and validity
while complementing similar data (20). Our semi-structured interview with site leaders
highlighted the importance of clear message in QI intervention and utilization of accepted
QI implementation process. We also identified the struggle of leaders due to limited local
infrastructure for ongoing interdisciplinary education for QI at each site. These findings
were further validated by the focus group promoter themes: importance of education and QI
champions. We utilized quantitative data, time to achieve bundle compliance, to contrast
with qualitative data obtained through QI leader semi-structured interviews and frontline
clinician focus groups to obtain an inclusive picture.

The implementation of the checklist was the cornerstone of the QI bundle. This was similar
to other QI bundle intervention studies which published their successful implementation
(21-22). The specific function of the checklist: 1) forcing function to ensure consistency of
care, 2) providing cognitive aids, 3) providing a shared mental model, and 4) streamlining
teamwork and communication, was fully utilized in our process of airway safety bundle
implementation. Unfortunately, having a checklist in place does not ensure its use.
Therefore, we designed our QI bundle checklist to be marked for task completion at the
bedside by frontline clinicians. This process provided us quantitative data to track the
complete use of the QI bundle for each TI encounter.

Our study used qualitative approach to identify barriers and promoters and QI bundle
implementation tactics. Frontline clinicians, while not being formally trained in QI
methodology, innately identified common promoters and barriers to QI implementation
during the focus groups. Interestingly and importantly, these identified promotors and
barriers were similar across the diverse ICUs regardless of their speed of adoption (early vs
late). Similar themes have been identified in the literature with surgical site checklist
implementation (13, 23-24). Notably, frontline clinicians identified the importance of
interdisciplinary involvement, site customization, and having local champions to promote QI
bundle checklist use.

Semi-structured interviews with ICU QI leaders identified effective and non-effective QI
bundle implementation tactics, often relating to the clinician identified promoters and
barriers. There were differences between early and late adopting ICUs in using effective and
non-effective tactics such as interdisciplinary team development, plan to incorporate the QI
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bundle into unit workflow, and a system to educate all clinicians on its use. Misperception of
the QI initiative as a research activity may have introduced perceived limited involvement
and responsibility by the staff. It may have also introduced thinking that this was a rigid
protocol. While the staff requirement to comply with the QI bundle should be rigorous,
misconception of rigid protocol with limited sense of ownership by frontline clinicians was
identified as a barrier in our study, which was not previously described in the literature. This
qualitative information is highly valuable for refining and improving the QI implementation
process to focus on effective implementation tactics.

Customization of the QI bundle checklist for the local workflow was identified important
during the focus groups, while QI leaders needed to ensure the effectiveness of the QI
bundle remain unchanged. For the current study, the NEAR4KIDS QI Committee provided
an oversight with a priori developed criteria: 1. A basic structure of the QI bundle checklist
is maintained, 2. All minimal items on the checklist is maintained while sites are allowed to
change orders within each section and add site specific items, and 3. All customized
checklist requires approval before clinical use by the QI committee.

The duration from the initial inception of the QI bundle to the time meeting compliance was
long (median 502 days) with a wide discrepancy between early and late adopting ICUs. Our
study results suggest this may be partially explained by the lack of interdisciplinary
involvement in QI bundle implementation. This likely resulted in low interdisciplinary staff
buy-in and limited sense of responsibility for QI bundle completion. The long duration to
implement the QI intervention may be subject to underlying practice changes and updates in
practice guidelines, which will jeopardize the validity of the QI intervention since it was
developed prior to these changes and updates. Therefore we should aim for minimizing the
implementation phase of QI intervention (duration between implementation to full
compliance). We should also ‘update’ the QI intervention to meet emerged clinical needs
identified through the ongoing QI data collection.

These findings should be considered in light of inherent methodological limitations.
Investigators only spoke with limited numbers of frontline clinicians during the focus
groups. Participants were invited by the ICU QI leader and not randomly chosen; therefore,
selection bias may have been present. The sample size was limited by the overall study
design to evaluate QI bundles on Tl safety outcomes; therefore, our quantitative analyses are
underpowered. Frontline clinicians might have had limited levels of understanding in QI
interventions in the environment where QI infrastructure and educational resources were
limited. Despite these limitations, we believe that our findings are valid, particularly since
the promotors and barriers, and effective and ineffective implementation tactics were
strikingly similar across diverse ICUs. QI bundle implementation speed was associated with
effective implementation tactics. Therefore, a set of common interventions to diminish
barriers, support promoters, and teach effective implementation tactics could be useful to all
pediatric ICUs regardless of size or geographic location. Finally, we did not collect data
regarding organizational QI structure, institutional and unit culture for QI activities. These
factors likely played a role in our T1 safety QI bundle implementation process (25). Future
studies should include these measures and tailor implementation tactics by utilizing existing
QI paths and expertise at each unit.
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Future Direction

Based on these study findings, we have further developed a new airway safety QI bundle
implementation kit (Instruction document as Supplemental Content File 3) to address the
themes identified through focus groups, and facilitate effective implementation tactics
identified through QI leader interviews. This detailed instruction for each QI bundle
implementation step was not available during the present study. The kit serves as a start-up
tool for ICUs to facilitate the QI bundle implementation. The kit consists of three
components; 1) introduction, 2) clinician education, and 3) QI bundle checklist tailored to
ICU needs and workflow. The introduction component outlines the steps of the
implementation process: presentation to frontline clinicians as a QI initiative as opposed to a
research project, obtaining ICU leadership endorsement, and emphasis to develop an
interdisciplinary team with leaders from each discipline. The second component includes a
slide presentation to provide frontline clinician education and a link to a video which
demonstrates the interdisciplinary involvement and the use of the QI bundle checklist at the
bedside. The last component includes two versions of the draft QI bundle checklist and an
instruction to customize to their local needs with submission for approval. This component
also includes a general guidance regarding which “at risk” patients should have a QI bundle
checklist started at bedside. Lastly, a teleconference with an interdisciplinary site team and
NEAR4KIDS QI leader is scheduled to discuss each component and specific guidance
regarding how to assess the workflow of the unit to incorporate the bundle without adding
many additional steps. All new sites implementing QI bundle checklists are required to use
this new airway safety QI bundle implementation kit.

CONCLUSIONS

Focus groups with frontline clinicians and semi-structured interviews with ICU QI leaders
identified common promotors and barriers as well as effective and ineffective tactics for QI
bundle implementation. Interdisciplinary involvement and education was critical in
successful QI bundle implementation, along with influential site champions and sharing of
QI bundle compliance and safety data across all disciplines. Tailoring QI bundles to local
specific needs and workflow were also found important for successful implementation.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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frontline clinicians

Semi-structured interview Follow-up interview
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Quality improvement (QI) intervention and study flow. Gray boxes indicate QI intervention,
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Participating ICU characteristics

Table 1

Site characteristics

Early adopter (n=5)

Late adopterT (n=8)

p-value

Site type
n (%)

PICU 2 (40%)
CICU 1 (20%)
Mixed 2 (40%)

PICU 1 (12%)
CICU 0 (0%)
Mixed 7 (88%)

Total number of ICU beds (median, IQR)

20 (20-40)

18.5 (15-24)

0.24

Total ICU admissions per year (median, IQR)

900 (825-2,500)

1,125 (935-1,450)

0.43

Pediatric Residency (n, %)

Present (4, 80%)

Present (8, 100%)

0.39

Pediatric Critical Care Fellowship (n, %)

Present (4, 80%)

Present (5, 63%)

1.00

In-house attending call system (n, %)

In-house (5, 100%)

In-house (5, 63%)

0.23

Duration (days) to achieve compliance’t(median, IQR)

153 (146-267)

783 (773-845)

0.009

7‘Late adopter includes both ICUs meeting the bundle compliance criteria after 502 days (n=5) or not yet meeting criteria (n=3).

ClICU=cardiac intensive care unit (pediatric); IQR=interquartile range; Mixed=unit has both PICU and CICU patients; PICU=pediatric intensive

care unit.

’tCaIcuIated for the 5 late adopter sites that met compliance criteria by end of study period.

P-values were calculated with Fisher’s exact test for categorical values and Wilcoxon rank sum test for numeric values.
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Focus group characteristics

Table 2

Page 15

Focus Group

Early adopter ICUs(n=4T)

L ate adopter | CUs (n=8)

Total (n=12"

Interview days after QI implementation

(median, IQR)

537 (441-585)

617 (589-621)

610 (533-621)

Focus group method (remote vs. on-site)

Remote 1 (25%)
On-site 3 (75%)

Remote 4 (50%)
On-site 4 (50%)

Remote 5 (42%)
On-site 7 (58%)

Total number of participants (range per

site)

Attending Physician 5 (0-3)
Fellow 2 (0-1)
Resident 0 (0)

Nurse Practitioner 4 (1)
Registered Nurse 7 (1-3)
Respiratory Therapist 8 (1-3)
Pharmacist 0 (0)

Attending Physician 8 (0-2)
Fellow 6 (0-3)
Resident 1 (0-1)
Nurse Practitioner 6 (0-2)
Registered Nurse 15 (1-3)
Respiratory Therapist 9 (0-2)
Pharmacist 1 (0-1)

Attending Physician 13 (0-3)
Fellow 8 (0-3)
Resident 1 (0-1)

Nurse Practitioner 10 (0-2)
Registered Nurse 22 (1-3)
Respiratory Therapist 17 (0-3)
Pharmacist 1 (0-1)

fTwo early adopter sites had one combined focus group meeting (pediatric non-cardiac ICU and pediatric cardiac ICU). ICU denotes intensive care
unit. QI denotes quality improvement. IQR denotes interquartile range.
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