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Abstract

Introduction: Pediatric quality improvement (Ql) collaboratives are multisite clinical networks that support cooperative learning.
Our goal is to identify the contextual facilitators and barriers to implementing QI resuscitation interventions within a multicenter
resuscitation collaborative. Methods: A mixed-methods evaluation of the contextual facilitators and barriers to implementation of
a resuscitation QI bundle. We administered a quantitative questionnaire, the Model for Understanding Success in Quality (MUSIQ),
to the Pediatric Resuscitation Quality (pediRES-Q) Collaborative. Its primary goal is to optimize the care of children who experience
in-hospital cardiac arrest through a resuscitation QI bundle. We also conducted semistructured phone interviews with site primary
investigators adapted from the Consolidated Framework for Implementation Research qualitative interview guide. Results: All 13
actively participating US sites completed the MUSIQ questionnaire. Total MUSIQ scores ranged from 86.0 to 140.5 (median of 118.7,
interquartile range 103.6-124.5). Evaluation of the Ql team subsection noted a mean score of 5.5 for low implementers and 6.1 for
high implementers (P = 0.02). We conducted 8 interviews with the local QI team leadership. Contextual facilitators included a unified
institutional approach to Ql, a fail forward climate, leadership support, strong microculture, knowledge of other organizations, and
prioritization of goals. Contextual barriers included low team tenure, no specific allocation of resources, lack of formalized Ql training,
and lack of support and buy-in by leaders and staff. Conclusions: Using mixed methods, we identified an association between the
local QI team’s strength and the successful implementation of the QI interventions. (Pediatr Qual Saf 2021;00:e455; doi: 10.1097/
pg9.0000000000000455; Published online 26 August, 2021.)
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who experience in-hospital cardiac arrest
. through the implementation and valida-
tion of a resuscitation QI bundle. In-hospital
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cardiac arrest occurs in more than 7,000 pediatric patients
each year.* Many children who require cardiopulmonary
resuscitation (CPR) die during or shortly after the event,
and survivors may experience new disabilities.’ Although
substantial progress has reduced the number of in-hospi-
tal pediatric cardiac arrest events and improved outcomes
for survivors,*’ a critical gap in the implementation of
resuscitation best practices remains.® Until reliable imple-
mentation of QI interventions is achieved, we will lack a
complete understanding of their combined and sustained
impact on CPR quality during in-hospital cardiac arrest.

The goal of the pediRES-Q collaborative is to address
critical gaps in resuscitation best practice implementa-
tion. Despite access to the same QI bundle interventions,
reliable implementation of interventions is lacking across
centers, and CPR performance has varied across the net-
work.® This is not a unique problem for our collaborative.
Within QI initiatives and collaboratives, not all groups
perform equally well,’'! and differences in implementa-
tion and performance are hypothesized to be due to con-
textual factors.!? Research into contextual factors can aid
in implementing QI interventions by identifying contex-
tual facilitators and barriers. Critical contextual factors,
including the external environment, structural character-
istics, resources, culture, and leadership, can all affect the
success of the QI interventions.!? By assessing these con-
textual factors, we hoped to elucidate the facilitators and
barriers specific to a particular site and clinical area.!>!'%!
We hypothesized that QI bundle implementation variabil-
ity within the pediRES-Q collaborative was due to differ-
ences in contextual facilitators and barriers at individual
institutions identified by local pediRES-Q collaborative
leaders. We, therefore, conducted a mixed-methods study
utilizing: (1) quantitative results of a commonly used tool
to assess local context; (2) qualitative semistructured
interview data from site leaders and their team if avail-
able; and (3) compliance with the recommended resus-
citation QI bundle. We sought to identify the contextual
facilitators and barriers to implementing evidence-based
pediatric resuscitation QI interventions as recommended
by the pediRes-Q collaborative.

METHODS

This study was a mixed-methods evaluation of the con-
textual facilitators and barriers associated with the
pediRES-Q recommended resuscitation QI bundle. We
selected a mixed-methods approach first to identify con-
textual weaknesses at a specific site quantitatively and
then develop a more detailed understanding of contextual
facilitators and barriers to implementation via a quali-
tative approach. Both the quantitative and qualitative
components were necessary to increase understanding
and develop strategies to improve implementation. We
included all actively participating US sites, defined as par-
ticipating in the collaborative for at least 12 months and
having enrolled at least five patients at the time of study
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initiation, July 2018. Each site completed the quantitative
tool first before the invitation for qualitative interviews.
This study was determined to be nonhuman subjects
research by the Institutional Review Board at Cincinnati
Children’s Hospital Medical Center.

Resuscitation QI Bundle

The pediRES-Q Collaborative offers a bundle of QI inter-
ventions geared toward improving CPR outcomes for
children that hospitals may choose to fully or partially
implement. The bundle elements include as follows: (1)
a checklist (see Supplemental Digital Content 1, htip://
links.lww.com/PQ9/A294) for the identification of
patients at risk for cardiac arrest'®'’; (2) rolling refreshers
to provide bedside just-in-time CPR training'®; (3) struc-
tured “hot” debriefings immediately following cardiac
arrest events'’; (4) “cold” data-informed cardiac arrest
debriefings provided at a later time?*?'; and (5) a post-
cardiac arrest care checklist (see Supplemental Digital
Content 1, hbttp://links.lww.com/PQ9I/A294). We limited
our evaluation to determine the association between local
contextual factors and compliance with rolling refresh-
ers, hot debriefing, and cold debriefing (see Appendix I,
Supplemental Digital Content 2, http://links.lww.com/
PQY9/A295 for further description) due to their estab-
lished evidence base.

Compliance Data

For each cardiac arrest, QI bundle elements are entered
into the deidentified central database maintained for
quality by the pediRES-Q collaborative staff.

Study Definitions

We defined low implementers as those sites successfully
implementing 0-1 of the 3 QI interventions. We divided
low implementers into two subgroups for the qualitative
interviews: those attempting implementation of multiple
QI bundle elements, referred to as “distributed approach
low implementers,” and those with a focused approach
resulting in a highly reliable (>90%) implementation of
only one bundle element referred to as “focused approach
low implementers.” We defined high implementers as sites
implementing 2-3 interventions successfully.

Successful implementation was defined a priori using
predetermined criteria derived by group-consensus of
the manuscript authors and agreed upon by collabora-
tive leadership. We defined successful implementation of
CPR rolling refreshers as completing a rolling refresher
on at least 50% of patients identified as high risk. We
defined hot debriefing implementation as completing a
hot debrief for at least 50% of in-hospital cardiac arrests.
We defined cold debriefing based on the number of yearly
events due to no clear recommendation on the optimal
completion of cold debriefs and the significant time
required to complete them. We defined successful cold
debriefing implementation as debriefing 50% of events
for those centers who had <10 in-hospital cardiac arrests
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per year and as at least 10 debriefs over the year for those
centers having more than 10 in-hospital cardiac arrests
per year. Although these predetermined compliance levels
are below thresholds normally used for high reliability,?
the study team chose them due to the infrequent levels
of debriefing implemented in prior research studies.!”*3*

Quantitative Data Collection

We administered an Excel-based, quantitative tool to
assess local context, the Model for Understanding Success
in Quality (MUSIQ),™ to all 13 actively participating US
sites in the pediRES-Q Collaborative over 1 month. We
chose the MUSIQ framework, which is the most popu-
lar contextual framework, and a questionnaire adapted
from the framework as our measurement tool. This tool
is not extensively validated, but its face validity is well
established, and its criterion validity is documented in an
exploratory analysis of 74 projects.?> MUSIQ identifies 24
contextual factors mapping to 6 domains that may influ-
ence QI success: external environment, organization, QI
support and capacity, QI team, microsystem, and miscel-
laneous. The survey tool (https://qi.elft.nhs.uk/resource/
the-model-for-understanding-success-in-quality-2/) con-
tains 37 questions with a score range from 24 to 168.
Total score assessment developed by expert consensus
(per personal communication with MUSIQ developer
Lloyd Provost) outlines a score of 120-168 indicating
that a project has a reasonable chance of success, a score
of 80-119 indicating possible contextual barriers, and a
score of 50-79 indicating serious contextual issues and
concerns for success. Each contextual factor is measured
on a 7-point Likert scale, and most contextual factors are
assessed with a single question. Contextual factors within
microsystems and those related to the QI team directly
shape QI success, whereas factors within the organization
and external environment indirectly influence success.'
Site primary investigators completed the survey over one
month. As our focus was on the contextual facilitators
and barriers to implementation as experienced by local
leaders, the MUSIQ tool was sent to the collaborative
team leader. A physician fulfilled this role for all 13 sites.

Quantitative Data Analysis

We completed summary statistics with counts, propor-
tions (%), mean, median, interquartile range (IQR), and
SD as appropriate. We evaluated differences between
total scores by high and low implementers via Wilcoxon
Rank Sum. We compared institutions within total score
categories via Chi-Square and differences explored in the
MUSIQ tool subsection scores by high and low imple-
menter sites. We calculated differences between institu-
tions using the two-tailed t-tests, and P values less than
0.05 were considered statistically significant. Based upon
an estimated difference in MUSIQ subsection score of 1
with an estimated SD of 0.8, a minimum sample size of 11
centers was required. There is no prior publication of the
analysis and comparison of subsection scores, rather only
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individual question means and SDs, so these are estimates
by the authors.

Qualitative Data Collection

We invited all actively participating US site primary inves-
tigators and any other relevant team members to be inter-
viewed. We conducted semistructured phone interviews
with site primary investigators at 8 US-based institutions (5
interviews site primary investigator only, 3 interviews site
primary investigator plus at least 1 other team member).
A single member of each research team (A.P.) conducted
each interview using semistructured questions developed
from the Consolidated Framework for Implementation
Research (CFIR) qualitative interview guide (available at
http://cfirstbank.com). The complete CFIR tool focuses
on 5 domains'?; however, we only included questions
from the two contextual domains, outer setting and inner
setting (see Appendix II, Supplemental Digital Content 3,
bttp://links.lww.com/PQ9I/A296 for full survey tool).!>1
We modified questions according to the research aims. We
mapped these domains to the MUSIQ domains for consis-
tency and ease of results interpretation.

Qualitative Data Analysis

We conducted a thematic analysis of the transcribed
interviews using both inductive and deductive analysis.?
Two qualitative researchers (A.P. and H.W.) worked inde-
pendently and applied a priori codes based on an adapted
version of the CFIR codebook. Next, we used emergent
coding to identify additional themes not represented in
the a priori codebook. We examined themes within the
a priori defined subgroups, low and high implementers,
and the low implementer subgroups of focused-approach
low implementers and distributed approach low imple-
menters. The qualitative researchers were blinded to the
implementation category of the institution throughout
the interviews and coding process.

RESULTS

Over the 12 months before the completion of the MUSIQ
tool and semistructured interviews, 7 of the 13 sites
implemented 0-1 of the QI interventions recommended
by the collaborative, categorizing them as low imple-
menters, with 4 sites specifically identified as distributed
approach low implementers and 3 sites focused-approach
low implementers. The remaining 6 sites implemented at
least 2 of 3 recommended QI interventions, categorizing
them as high implementers (Table 1).

Quantitative Assessment with MUSIQ Tool

All 13 actively participating US sites completed the
MUSIQ questionnaire. Total MUSIQ scores ranged from
86.0 to 140.5 with a median of 118.7 and an IQR of
103.6-124.5 (Fig. 1). The median score for high imple-
menters was 123.6 (IQR 119.6-132) and 112.6 for low
implementers (IQR 103.6-118), P = 0.1. The majority
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Table 1. Definitions of Successful Implementation of
Recommended QI Interventions and the Number of
Centers Who Met Criteria

Ql Bundle Definition of

Element Successful Implementation Centers

Rolling refreshers  Rolling refreshers completed for at least 4
50% of the high-risk patients

Hot debriefing At least 50% of in-hospital cardiac arrests 7
have a completed hot debrief.

Cold debriefing If < 10 in-hospital cardiac arrests per year, 6

cold debrief > 50% of events
If > 10 in-hospital cardiac arrests per year,
>10 cold debriefs per year

of high implementers (66.7%) had a total score > 120,
indicating a reasonable chance of success instead of only
28.6% of low implementers. This difference was not sta-
tistically significant. We evaluated the 6 subsection scores
comparing low and high implementers. Evaluation of the
QI team subsection noted a statistically significant differ-
ence in the mean score of 5.5 for low implementers and
6.1 for high implementers (P = 0.02). The mean subsec-
tion score for the external environment, organization, QI
support and capacity, and microsystem was higher for
high implementers than low implementers, although there
were no statistically significant differences (Table 2).

Qualitative Assessment with CFIR

Eight interviews with the local QI team leadership were
conducted following the completion of the MUSIQ
assessment. Of the 8 sites interviewed, 2 were distribu-
tive-approach low implementers, 3 as high implementers,

Score 120-168: Reasonable chance of success
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and 3 focused-approach low implementers. Of the § sites
that were not interviewed, 2 were distributive-approach
low implementers and the remainder high implementers.
There was no significant difference between responders
and nonresponders in terms of months participating in
the collaborative or the number of cardiac arrests entered
into the dataset (see Appendix III, Supplemental Digital
Content 4, btip://links.lww.com/PQ9/A297). The reason
most commonly given for declining a qualitative inter-
view was time availability by the physician leader. The
themes and quotes were similar between high implement-
ers and focused-approach low implementers and differed
from distributed approach low implementers.

Contextual facilitators as highlighted by high/focused
low implementers and distributive-approach low imple-
menters (Table 3).

Facilitator Theme 1. Unified Institutional Approach to QI

High implementers and focused-approach low imple-
menters identified a unified institutional approach or a
standardized structure supported by their institution to
improve the quality of care and provide resources as clear
facilitators.

Facilitator Theme 2. A Fail Forward Climate

Focused-approach low implementers and high imple-
menters mentioned that if something did not work, they
were encouraged to try something new, demonstrating
a fail forward?” implementation climate. Fail forward
means to learn from failures or mistakes and apply that
learning when moving forward in improvement.
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Low implementer
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Fig. 1. Comparison of median Total MUSIQ score for high (2-3 interventions) and low (0-1 intervention) implementers. Median
score for low implementers was 112.6 and for high implementers was 123.6. For low implementers, 86.0 = min, 103.6 = 25th
percentile, 112.6 = median, 119.6 = 75th percentile, and 124.2 = max. For high implementers, 87.6 = min, 119.6 = 25th percentile,
123.6 = median, 131.8 = 75th quartile, and 140.5 = max. The blue box indicates a score of 120-168 determined to have a reason-
able chance of success, and the green box indicates a total score of 80-119, indicating possible contextual barriers.
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Table 2. Mean Subsection Scores of MUSIQ Tool Compared via t-test, 1 = Totally Disagree and 7 = Totally Agree

Low High Implementors
Implementors (N=6)
MUSIQ Domain Definition (N =7) Mean = SD Mean = SD P
External environment Community and society surrounding the organization 32x14 3.6+04 0.4
Organization Largest collective unit that provides service to a population of patients 46 +0.7 53+1.7 0.4
QI support and A system including financial support, data infrastructure, and workforce 31+13 40+15 0.3
capacity training to support QI work
Ql Team Group of individuals that work together on the QI project. The team is defined 55+04 6.1+0.3 0.02
by their shared goals and mutual accountability for the QI project outcome
Microsystem Small group of people working together on a regular basis to provide care to 50+1.4 55+1.5 0.5
discrete populations of patients
Miscellaneous Includes alignment with strategic goals and presence of a recent triggering 22+1.0 20+09 0.7

event

Facilitator Theme 3. Leadership Support

Leadership support for QI at the microsystem, QI team,
and organizational levels were all identified as facilitators
for successful implementation. High implementers stated
that receiving support beyond their division was a facili-
tator for success.

Facilitator Theme 4. Strong Microculture with Clear
Motivation

A strong microsystem culture'*?® emphasizes team-
work, communication, and commitment to improving
with clear motivation was identified as a facilitator by all
groups.

Facilitator Theme 5. Knowledge of Other Organizations
Participating in QI

All groups found sharing with key stakeholders that
other institutions were participating in this collaborative
improved support. Interviewees explicitly mentioned site
visits as a facilitator to improving support.

Facilitator Theme 6. Prioritization of Goals
A clear prioritization of goals within a QI team was a
facilitator for success identified by all groups.
Contextual barriers as identified by all sites (Table 3).

Barrier Theme 1. Low Team Tenure

All sites identified low team tenure, including rotating
medical providers such as residents and fellows, as a bar-
rier to the successful implementation of the QI resuscita-
tion bundle by all.

Barrier Theme 2. No Specific Allocation of Resources or
Time for QI

High and both groups of low implementers identified
a lack of resources and no specific time allocation for QI
for staff as primary barriers.

Barrier Theme 3. Lack of Formalized QI Knowledge or
Training

Sites identified as distributed approach low implement-
ers mentioned a lack of formal QI training for themselves
or their team members as a barrier.

Barrier Theme 4. Lack of Support and Buy-in by Leaders
and Staff

Lack of support and buy-in was mentioned by all groups
as a significant barrier to implementation. Whether the
participant felt that they had institutional buy-in or not,
each institution mentioned working individually to gain
champions and stakeholders’ buy-in and the difficulties
associated with getting the work done “on the ground.”

DISCUSSION

This study describes the critical contextual factors as
determined by the local site leader associated with suc-
cessfully implementing a multicenter collaborative resus-
citation QI bundle using mixed methods. To facilitate the
dissemination of improvement interventions, knowledge
of contextual factors is necessary.?’” However, the influ-
ence of contextual factors is poorly reported in the liter-
ature.’® The quantitative data derived from the MUSIQ
tool demonstrates higher contextual scores for all com-
ponents in those centers that successfully implemented
2-3 interventions. We found that only the local QI team’s
strength was statistically associated with the successful
implementation of QI bundle elements with substantial
variation between centers. The other MUSIQ domains
of the external environment, organization, QI support
and capacity, and microsystem all scored higher, that is,
meaning more capacity and support for high implement-
ers. However, due to the small sample size and variation
in responses among centers, the score difference between
high and low implementers was not significant. Through
qualitative interviews, we identified specific contextual
facilitators and barriers that allowed for future inter-
ventions to improve compliance. Contextual facilitators
included institutional-wide support of QI, a failing for-
ward culture, leadership support, a strong microculture
with clear motivation, and prioritization of goals. High
and low implementers experienced similar barriers with
low distributed approach implementers citing a lack of QI
knowledge and experience as a specific barrier, reinforc-
ing the importance of a well-trained and robust QI team
as seen in our MUSIQ results and prior research around
contextual factors.’®*' Both high and low implementers
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Contextual Factors Affecting Implementation of In-hospital Pediatric CPR QI Interventions

found that an overall lack of support and buy-in from
staff and leadership served as substantial barriers.

Although the contextual facilitators and barriers iden-
tified are unlikely to be surprising to QI leaders, a better
understanding of the contextual effects on intervention
success can help local centers advocate for necessary
resources. QI research must focus not just on the effects
of the intervention but also on the contextual factors
that influence improvement.'>¥ As large multicenter QI
collaboratives continue to grow, it is incumbent on the
leaders of collaboratives to understand the importance
of context on individual sites’ success.'? Tools including
the quantitative MUSIQ calculator and the qualitative
CFIR guide provide an opportunity for sites to evaluate
the impact of context on success of QI initiatives.!*33-3
Site-specific evaluation is vital to the future success of QI
multicenter collaboratives as a focus on context helps to
elucidate some possible explanations for differences in
the implementation of recommended interventions. We
would recommend that contextual tools, like MUSIQ
and CFIR, be used before initiating centers within qual-
ity collaboratives to assess the contextual facilitators and
barriers at individual sites. With these data, leaders can
develop custom intervention implementation bundles in
which resources, mentorship, and other support are tai-
lored to their site’s specific contextual needs.

Our study has multiple limitations. First, the physician
site leader completed a single MUSIQ tool at each of the
13 actively participating US sites. It is possible that this
approach failed to capture a full picture of the local con-
text by not taking a more multidisciplinary approach to
completion. Also, these data were self-reported by the site
leader and were not independently verified in any way by
the study team. As our focus was on the facilitators and
barriers experienced by the local site leader in implemen-
tation for the collaborative, we chose not to survey other
team members. Second, our qualitative interviews were
single interviews at one point in time and may not accu-
rately represent the changes in contextual factors that
have occurred over time since the sites joined the collabo-
rative at various time points.

Furthermore, as most interviews only included the site
primary investigators and were conducted with a subset of
the group, selection bias may have been present. Although
there were no significant differences in the months of par-
ticipation, cardiac arrests enrolled, or proportion of low
implementers in the nonresponders, it is possible that the
omission of these 5 centers impacted the conclusions of
the qualitative results. Last, we did not have adequate
power to assess the MUSIQ subscore differences between
distributed approach low implementers and focused-ap-
proach low implementers. Qualitative results suggest that
focused-approach low implementers may be more simi-
lar to high implementers in facilitators and barriers. This
hypothesis-generating finding provides a foundation for
future, more extensive studies examining context.

Pediatric Quality and Safety

CONCLUSIONS

Using mixed methods, we showed an association between
the local QI team’s strength and the ability to implement
recommended resuscitation QI interventions while fur-
ther identifying facilitators and barriers to implementa-
tion. These data support the importance of a well-trained
and influential QI team to successfully implement QI ini-
tiatives. Furthermore, successful implementation of QI
initiatives within a large collaborative requires an under-
standing of each institution’s context-specific framework.
Local leadership engagement, available resources, and
access to knowledge may help sites to be successful.
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