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ABSTRACT

Background Quality improvement and patient safety (QIPS) curricula are critical in graduate medical education, yet barriers limit
the educational experience and project outcomes.
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Objective To explore the impact of QIPS curricular enhancements and integration of continuous improvement specialists (CIS) by
examining the A3 document, the primary project product and surrogate for project quality.

Methods Since 2009, University of Michigan internal medicine and medicine-pediatric residents participate in a QIPS curriculum,
which includes a 4-week group project. In 2016, residency leaders collaborated with CIS staff, non-clinical experts in QIPS with
backgrounds in engineering and business, to improve the curriculum. Informed by a needs assessment, the intervention was

implemented in 2017 and consisted of a set of enhancements including integration of CIS staff into groups as co-facilitators. In this

quantitative analysis tool.

retrospective cohort study, a blinded reviewer evaluated all available A3 documents before and after the intervention using a

Results All residents participated in the curriculum during the pre-intervention (July 2009 to June 2016, n=351) and post-
intervention (July 2017 to June 2020, n=148) periods. A total of 23 of 84 (27%) pre-intervention and 31 of 34 (91%) post-
intervention A3 documents were available for review. Scores improved significantly for 17 of 23 (74%) A3 items and for 7 of 8
(88%) sections. Mean A3 total scores increased from 29.0 to 47.0 (95% Cl 12.6-23.4; P<.001) out of a possible 69.0.

Conclusions Embedding CIS experts into residency QIPS curricula is associated with improved A3 document quality.

Introduction

As frontline providers, resident physicians are
positioned to recognize opportunities for improve-
ments in patient safety and quality."* The Accred-
itation Council for Graduate Medical Education
(ACGME) mandates resident quality improvement
and patient safety (QIPS) education and involvement
in health systems improvement efforts within the
practice-based learning and improvement (PBLI) and
systems-based practice (SBP) competencies.'>**

Graduate medical education programs have imple-
mented QIPS curricula, but barriers remain.”® The
optimal facilitator type and role to lead resident QIPS
projects is undefined.””"** Limited access to institutional
data results in underdeveloped projects.”* The ACGME
Clinical Learning Environment Review site visits have
identified uncertainty of residents’ role in institutional
QIPS efforts.''? Lack of alignment between resident
projects and institutional priorities leads to fragmented
QIPS efforts and less engaged learners.!>!*
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In 2016, the University of Michigan internal
medicine (IM) and combined internal medicine and
pediatric (Med-Peds) residency programs sought to
mitigate these barriers by partnering with the
Department of Internal Medicine Quality & Innova-
tion Program’s continuous improvement specialists
(CIS), non-clinical experts in health care QIPS, to
evaluate and improve the existing QIPS curriculum.
In this retrospective cohort study, we describe the role
of the CIS team and specific curricular enhancements,
examine the effect of our interventions by comparing
residents’ pre- and post-intervention A3 documents
(one-page reports that summarize QIPS projects)
using an A3 assessment tool,"
intervention and scholarly project outcomes. We
discuss how other institutions may be able to adapt
a similar intervention at the local level and examine
meaningful outcomes from QIPS training.

and share residents’

Methods
Setting, Participants, and Design

The University of Michigan IM and Med-Peds
residency programs train approximately 157 and 32
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residents each year, respectively, at a suburban
tertiary care hospital. The programs’ QIPS curriculum
was established in 2007 to equip residents with
fundamental QIPS concepts.'® Since 2009, the re-
quired curriculum has included a foundational
didactic series consisting of two 1.5-hour interactive
lectures in the first postgraduate year (PGY) of
training. This series is followed by a 4-week group
project during protected time (approximately 58
hours) on an ambulatory rotation during PGY-2.
Each year, approximately 45 IM and 8 Med-Peds
PGY-2 residents work in groups of 4 to 5 per 4-week
rotation. Residents may voluntarily participate in
further QIPS work throughout their training. The
longitudinal QIPS curriculum is depicted in the
FIGURE.

The focus of this study is the PGY-2 group project
experience, which challenges residents to identify a
real-world problem and apply foundational QIPS
knowledge and skills, through A3 thinking, to this
problem. A3 thinking is a structured problem-solving
methodology in which a complex problem is analyzed
and presented on a single sheet of A3-sized paper
(117X17”). Pioneered by Toyota as part of the Toyota
Production System, the A3 is a key component of lean
methodology and is commonly used in health care.'”
The A3 report includes the problem, background,
current state, root cause analysis, improvement
recommendations, and implementation plan.'®2°
The process of creating an A3 involves observations,
interviews, data review, identification of specific
performance gaps, and development of recommenda-
tions that address root causes of the problem. The 4-
week rotation culminates in a presentation of the A3
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Objectives

To explore the impact of embedding continuous improve-
ment specialists (CIS), non-clinical health care improvement
experts, into residency quality improvement and patient
safety (QIPS) group projects by examining the A3 document,
the primary project product, and a surrogate for project
quality.

Findings

In this cohort study in which a blinded reviewer used a
quantitative analysis tool for A3 scoring, we show that A3
documents improved significantly following the interven-
tion.

Limitations

The retrospective nature of the study may lead to selection
bias, and the institutional support required for the inter-
vention may limit generalizability.

Bottom Line

Partnering with non-clinical CIS staff to enhance QIPS
curriculum and embed into resident group projects en-
hances the QIPS education of residents and is associated
with improvement in project quality.

report to peers, program leadership, and institutional
stakeholders. An IM or Med-Peds faculty physician
with QIPS experience and training facilitates each
project by reinforcing QIPS principles, offering
project guidance and feedback, and assessing resi-
dents based on ACGME PBLI and SBP Milestones.
Each faculty assists 2 resident groups annually, and
each has 0.05 full-time equivalent protected time for
this ongoing role.

Intervention

The intervention in this study focused on integration
of 3 CIS staff into the PGY-2 portion of the

Week 1 - Module 1

Syllabus Review
* Patient Safety

*Residents voluntarily engage Culture

further in QIPS through various
opportunities (eg, electives,
committees, courses, projects,

Optional
Activities
for All Residents efc)

* Problem Selection
* Project Scoping

Week 2 - Module 2
* A3 Overview

*Small group QIPS projects
during a 4-week
ambulatory rotation —

* Optional: continue work

on the project after those

4 weeks * Analysis

* Background

* Current State

* Problem Statement
* Goal Development

Week 3 - Module 3

PGY-1:

Build a Foundation

FIGURE

* Recommendations

* Implementation

*Two 1.5-hour
QIPS didactic Week 4 - Module 4
§e55|ons_W|th * Project Stakeholders

|nter'ochve case * Project Sustainability

studies * Plan-Do-Check-Act

* Reflections

* Lessons Learned

Overview of QIPS Curriculum With Focus on PGY-2 Content
Abbreviations: QIPS, quality improvement and patient safety; PGY, postgraduate year.
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curriculum. CIS are business and industrial engineer-
ing professionals with experience in health care QI
and advanced degrees, training, and certifications in
lean methodologies, A3 thinking, quality improve-
ment, and data analysis. CIS staff are funded by the
IM department and support the Clinical Experience
and Quality program, providing coaching for QIPS
projects and facilitating data requests across 13
medical specialties.

Current State Assessment and Pilot Phase: In July
2016, the Quality & Innovation Program partnered
with IM and Med-Peds residency leadership and
faculty facilitators to evaluate and improve the QIPS
curriculum. This initiative followed a QI approach
using lean methodologies. A current state assessment
included a survey of residents who had completed
rotations in the previous 2 years along with direct
observations of 7 teams from July 2016 through
January 2017.

Faculty facilitators, lacking standardized training,
had variable emphases in their teaching and expecta-
tions for results. Projects selected by residents tended
not to align with institutional priorities.

Several interventions were developed to address the
variability in pedagogical methods and expectations,
dearth of objective data, and lack of project alignment
within the institution. These interventions involved 2
domains: (1) reforming curricular content and re-
sources, and (2) embedding CIS staff into resident
groups as co-facilitators alongside faculty. The
interventions were piloted with 5 groups in the
February through June 2017 rotations. During this
pilot, curricular leaders, faculty, and CIS staff
reflected on effects of these changes, gathered
informal resident feedback, and implemented rapid
iterative changes to ensure interventions were achiev-
ing program goals and satisfactory to residents.

Post-Intervention Phase: In July 2017, curricular
changes were finalized. CIS staff were integrated into
groups as outlined in the Box. One CIS staff member
co-facilitates each group, requiring 10% effort during
the rotation. In conjunction with faculty facilitators,
the CIS team uses formal resident feedback and
annual stakeholder discussions to inform plan-do-
check-act cycles for ongoing curricular enhancements.
These include refining the resident feedback survey
instrument and revising educational modules and
other program materials based on that feedback.

Outcomes

A3 Document Quality: We performed a retrospective
review of all available A3 documents since archiving
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Box Continuous Improvement Specialist Roles in QIPS
Curricular Changes and Active Engagement in Resi-
dent Group Projects

Curricular Changes Following CIS Staff Involvement

= Revised course syllabus, educational objectives, and
course content around the essential question: How can
physicians contribute to high quality and safe patient care?

= Provided standardized calendar to deliver the content and
clarify expectations across the 4 weeks

= Provided curricular reference materials including A3
templates, survey design tips, and data collection
strategies

= Created central electronic repository that stored past
project A3 examples for reference throughout the
rotation

= Standardized the didactic content and alignment with A3
problem-solving thinking by creating educational mod-
ules, delivered weekly via flipped classroom model:

o Module 1: Syllabus review, patient safety culture,
problem selection, project scoping

o Module 2: A3 overview, background, current state,
problem statement, goal development

o Module 3: Root cause analysis, countermeasures,
recommendations, implementation

o Module 4: Project stakeholders, project sustainability,
plan-do-check-act, lessons learned

= Curated and maintained a list of venues in which
residents may disseminate their work

= Co-created a departmental grand rounds series to
highlight resident group project findings

Active Engagement in Resident Group Projects

= Assist with appropriate project scoping to help ensure it
can be tackled in the rotation time frame

= Assist in aligning or connecting resident projects with
ongoing departmental and institutional projects and
priorities

= Connect with data specialists for access to patient data
and institutional metrics

= Connect resident team members with representatives
from related institutional projects

= Assist with keeping the group on task throughout the
rotation

= Assist with A3 document development

= Deliver feedback to resident teams throughout the
rotation

= Administer surveys to residents regarding project satis-
faction, evaluation, and feedback

= Track post-project activity including implementation of
countermeasures and scholarly work

Abbreviations: QIPS, quality improvement and patient safety; CIS,
continuous improvement specialists.
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began in 2009. Project documents were included if they
resembled an A3 with sections on background, current
state, goal, analysis, countermeasures, action plan, and
follow-up plan.'®2° The pre-intervention phase
spanned rotations from July 2009 to June 2016. The
current state assessment and pilot phase were excluded
from analysis. The post-intervention phase included
project rotations from July 2017 to June 2020,
excluding April and May 2020 when the curriculum
was paused due to the COVID-19 pandemic.

A member of the study team (D.B.P.) retrospectively
reviewed each A3 document and assigned scores using a
previously studied 23-item A3 assessment tool, which
has good evidence of validity (content validity, con-
struct validity, and high interrater reliability).® This
external, publicly available resource provides a self-
instruction package on assessment of A3s and allows
practice assessments using example A3s, with the
ability to compare assessments against a standard.”!
A single individual who has undergone requisite
training provides reliable assessment scores for A3s
developed by health care professionals across a variety
of clinical and operational topics'?; thus, no additional
reviewers were used for A3 scoring in this study. Our
reviewer is a CIS staff member from a separate
department who has expertise in QI principles and a
background in developing A3 documents and teaching
QIPS. The reviewer was not a member of any resident
groups and was not aware of specific curricular changes
or intervention dates. The reviewer was provided A3
documents in a randomized order and was blinded to
pre- or post-intervention status and reason for A3
assessment. The A3s were de-identified of names, dates,
and terms that would allow for project dating.

Project Outcomes and Dissemination: In the post-
intervention phase, CIS staff follow up with resident
groups and faculty at the end of each academic year
to determine if projects were disseminated as schol-
arly products (eg, presentation, abstract, journal
article). CIS staff also track which groups implement-
ed countermeasures and which projects are connected
to departmental initiatives or health system strategic
priorities. While outcomes and dissemination are
formally checked for the preceding academic year’s
projects every July, CIS and faculty continually share
and track updates on outcomes or dissemination as
they arise. Information on outcomes and dissemina-
tion is not available for pre-intervention projects, and
thus these data cannot be compared.

Analysis

The results of A3 items are summarized as means and
standard deviations. Due to the small sample size and

ORIGINAL RESEARCH

non-normality of the data, we compared the pre- and
post-intervention A3 results using nonparametric
Wilcoxon rank-sum tests. A 2-sided P value of <.05
was considered statistically significant. All statistical
analyses were done in SAS 9.4 (SAS Institute Inc).
This study was determined to be exempt by the
University of Michigan Institutional Review Board.

Results

All PGY-2 residents participated in the QIPS curric-
ulum. During the pre-intervention period, 351
(100%) residents participated in 84 distinct group
projects. During the post-intervention period, 148
(100%) residents participated in 34 distinct projects.

A3 Document Quality

A total of 23 of 84 (27%) and 31 of 34 (91%) project
A3 documents were available for review from the pre-
and post-intervention periods, respectively (TABLE).
Seventeen of 23 (74%) distinct A3 items showed
significant score increases after the intervention
(individual score changes shown in the TaBLE). All A3
sections demonstrated significant increases in
aggregate scores except for “background.” Following
the intervention, mean individual item scores increased
from 1.3 to 2.0 (95% CI 0.6-1.0; P<.001) out of a
possible 3.0. Mean total A3 scores also increased from
29.0 to 47.0 (95% CI 12.6-23.4; P<.001) out of a
possible total of 69.0.

Project Outcomes and Dissemination

Within the post-intervention group, 53 of 147
residents (36%) from 11 of 34 distinct group
projects (32%) implemented at least one counter-
measure. An example of an implemented counter-
measure was a change to electronic health record
alerts for updates to blood culture results to facilitate
rapid tailoring of antimicrobial agents to specific
microorganisms. Additionally, 10 of 34 projects
(29%) were connected to ongoing larger initiatives
or health care system strategic priorities. For
example, one resident group conducted telephone
interviews with patients who were recently admitted
to the hospital for hepatic encephalopathy. These
perspectives informed a separate institutional work-
group that had been tasked with decreasing read-
mission rates for this patient population. Twenty-
two of 147 residents (15%) from 5 of 34 distinct
projects (15%) submitted their work to a local,
regional, or national conference, and 5 of 147
residents (3%), all within a single project, together
submitted one manuscript for publication.
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TABLE
A3 Document Quality as Evaluated by the A3 Assessment Tool
A3 Sections and Items Pn;ee;::(:;;' Pl‘\,llseta(:(zsil))’ Difference | 95% Cl | P value
Background 7.91 (2.07) 8.94 (2.03) 1.03 -0.11-2.15 .09
Specific negative consequence of problem 3 (0.63) 2.45 (0.68) 0.15 -0.22-0.51 .35
Specific group(s) impacted 2.35 (0.71) 2.45 (0.68) 0.1 -0.28-0.49 .59
Severity of negative consequences 1.87 (0.63) 1.94 (0.68) 0.07 -0.30-0.43 74
Frequency of negative consequence 1.39 (0.84) 2.10 (0.75) 0.71 0.27-1.14 .004
Current state 5.43 (2.15) 7.65 (2.36) 2.22 0.95-3.47 .002
Current level of performance 1.70 (0.63) 2.32 (0.54) 0.63 0.31-0.95 | <.001
How the work is done 1.43 (0.99) 1.71 (0.82) 0.27 -0.22-0.77 33
Who is involved 1.30 (0.82) 1.42 (0.92) 0.12 -0.37-0.60 .54
Performance problem/gap 1.00 (0.67) 2.19 (0.87) 1.19 0.75-1.63 <.001
Goal 4.39 (2.92) 9.00 (2.88) 4.61 3.01-6.21 <.001
How specific is the goal 1.04 (0.71) 2.06 (0.81) 1.02 0.60-1.45 | <.001
Is the goal measurable 1.35 (0.98) 2.48 (0.72) 1.14 0.67-1.60 <.001
Relevance of goal 1.43 (1.12) 2.48 (0.85) 1.05 0.51-1.59 <.001
Time-bound goal 0.57 (1.04) 1.97 (1.17) 1.40 0.79-2.02 <.001
Analysis 2.39 (1.88) 4.13 (1.67) 1.74 0.77-2.71 .001
Display of root cause analysis 1.39 (1.16) 2.23 (0.88) 0.83 0.28-1.39 .005
Clear identified root causes 1.00 (0.95) 1.90 (0.91) 0.90 0.39-1.42 .001
Countermeasures 4.87 (2.14) 6.77 (1.63) 1.9 0.88-2.93 .001
Multiple countermeasures considered 2.26 (1.01) 2.81 (0.54) 0.55 0.07-1.02 .02
Strength of strongest countermeasure 1.74 (0.81) 2.10 (0.60) 0.36 -0.03-0.74 .06
Countermeasures linked to root cause(s) 0.87 (1.10) 1.87 (1.15) 1.00 0.38-1.62 .003
Action plan 1.52 (1.68) 6.68 (3.43) 5.16 3.60-6.71 <.001
Clear action plan 0.87 (0.76) 2.03 (0.80) 1.16 0.73-1.59 <.001
Individuals assigned responsibility for action item(s) 0.13 (0.46) 1.48 (1.23) 1.35 0.87-1.84 <.001
Dates identified for action item(s) 0.04 (0.21) 1.97 (1.38) 1.92 1.41-2.43 | <.001
Clear monitoring plan for action item(s) 0.48 (0.67) 1.19 (0.70) 0.72 0.34-1.09 <.001
Follow-up
Planned follow-up | 0.70 (0.70) | 1.23 (0.76) | 0.53 | 0.12-0.94 | 01
Title
A3 title connected to problem | 1.74 (0.96) | 2.58 (0.50) | 0.84 I 0.39-1.29 | <.001
Totals
Total points 28.96 (8.63) | 46.97 (10.46) 18.01 12.64-23.39| <.001
Mean 1.26 (0.38) 2.04 (0.46) 0.78 0.55-1.02 | <.001

Note: Assessment of quality of A3 documents from internal medicine and medicine-pediatrics resident group projects from 2009 to 2020 summarized as
means and standard deviations. A 2-sided P value <.05 was considered statistically significant. Items were scored using the A3 assessment tool by Myers

|15

et al.””> The wording of items was shortened for display.

Discussion

To our knowledge, this retrospective study spanning
11 years is the largest evaluation of a QIPS curriculum
to date. In this study, we demonstrate that CIS staff
add value when integrated as partners into experien-
tial QIPS resident group projects. We show an
association between our intervention and improved
A3 products, surrogates for project quality. Our study
provides valuable data that inform the ways in which
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these kinds of curricular interventions can affect the
quality of QIPS group project outcomes.

This study affirms and builds on QIPS and
educational literature in important ways. Many
publications outline keys to successful QIPS curricula
that our curricular enhancements have addressed.**2
These include ensuring foundational education for all
residents and providing trained faculty facilitators
and adequate and dedicated time for this education.
Embedding CIS staff into group projects further
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enhances these keys to success by deepening project
mentors’ QIPS knowledge, standardizing educational
content, improving access to data for projects,
aligning projects with institutional priorities, and
providing institutional memory of past and current
QIPS efforts. While there are numerous studies that
suggest guidance for high-quality curricula, literature
describing methods for reliably and objectively
evaluating quality of QIPS curricula and projects is
lacking, in part because of the uniqueness of each
individual curriculum, context, and project. Prior
studies involving QIPS curricular evaluation focus
primarily on learner satisfaction and knowledge
outcomes,®** % while some expand to include future
effects on learners (eg, frequency of choosing a career
with a QIPS component)*®3° and ability to imple-
ment meaningful change.’*>® Our study builds on
current literature by moving from Kirkpatrick Level 1
(learner attitudes) to focusing on objective project
outcomes including A3 quality (Kirkpatrick Level 2:
learning transfer) and countermeasure implementa-
tion and dissemination of scholarly products (Kirkpa-
trick Level 3: impact).>” In the future, it would be
helpful to quantify impact on patient health out-
comes.

It is notable that all A3 sections except for
“background” showed significant improvement after
the intervention, and there are several possible
explanations. In the pre-intervention period, groups
spent a lot of time choosing a topic and researching its
background, leaving little time for actionable work.
The inclusion of CIS staff allowed residents to engage
more efficiently and effectively in structured scientific
problem-solving and thus enabled rapid progress
throughout the rotation. Additionally, limited access
to patient data in the pre-intervention period led
groups to more often rely on provider attitude surveys
to inform current state assessments. CIS staff helped
access and extract electronic health record data,
which led to better informed and more robust
assessments. CIS staff assisted with project scoping,
helped define goals, and provided links to institution-
al stakeholders, all of which led to higher quality
products and alignment with established initiatives.
Faculty facilitators often have competing priorities
outside of QIPS education, may work within narrow
clinical or divisional domains, and may not be
attuned to broader QIPS strategies and resources.
These factors could contribute to inconsistency in
QIPS facilitator teaching. Finally, while “action plan”
and “follow-up” sections improved statistically, the
magnitude of change was less pronounced than other
sections. This could be explained by the fact that
implementation of countermeasures is not required

ORIGINAL RESEARCH

and hence it is possible that residents devoted less
time to these sections.

Our study has several limitations. The study is
retrospective in nature and thus prone to selection
bias. Fewer projects were consistently archived in the
pre-intervention period, and projects with a concrete
product were more likely to be archived than those
without one. It is likely that recall bias and social
desirability affected the retrospective and subjective
report of outcomes and dissemination, particularly
since institutional initiatives and priorities were
loosely defined. Additionally, we do not have direct
comparisons of pre- and post-intervention data on
implementation and dissemination. The A3 assess-
ment tool does not assess the higher level outcome of
patient impact.'® Institutional resources to support
CIS staff and faculty effort may not be feasible for
other programs, which may present a barrier to
curriculum implementation. Finally, integration of
CIS staff into groups resulted in a myriad of
concurrent curricular changes, and it is not possible
to determine if a specific aspect, several aspects, or the
collective intervention impacted the chosen outcomes.

While there is employment cost for CIS staff, this
study demonstrates that the investment appears to be
beneficial to resident education and is associated with
higher quality project products. Programs lacking
resources to support CIS staff may consider creating
standardized educational sessions and establishing a
mechanism for residents to obtain health record data
for QIPS projects. Future research should focus on
assessing the impact on patient health outcomes.

Conclusions

After partnering with non-clinical CIS staff to
enhance the QIPS curriculum and embedding them
into resident group projects, we demonstrated posi-
tive effects on A3 document quality.
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