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STUDY PROTOCOL Open Access

Redesigning systems to improve teamwork
and quality for hospitalized patients
(RESET): study protocol evaluating the
effect of mentored implementation to
redesign clinical microsystems
Kevin J. O’Leary1* , Julie K. Johnson2, Milisa Manojlovich3, Jenna D. Goldstein4, Jungwha Lee5 and Mark V. Williams6

Abstract

Background: A number of challenges impede our ability to consistently provide high quality care to patients
hospitalized with medical conditions. Teams are large, team membership continually evolves, and physicians are
often spread across multiple units and floors. Moreover, patients and family members are generally poorly informed
and lack opportunities to partner in decision making. Prior studies have tested interventions to redesign aspects of
the care delivery system for hospitalized medical patients, but the majority have evaluated the effect of a single
intervention. We believe these interventions represent complementary and mutually reinforcing components of a
redesigned clinical microsystem. Our specific objective for this study is to implement a set of evidence-based
complementary interventions across a range of clinical microsystems, identify factors and strategies associated with
successful implementation, and evaluate the impact on quality.

Methods: The RESET project uses the Advanced and Integrated MicroSystems (AIMS) interventions. The AIMS
interventions consist of 1) Unit-based Physician Teams, 2) Unit Nurse-Physician Co-leadership, 3) Enhanced
Interprofessional Rounds, 4) Unit-level Performance Reports, and 5) Patient Engagement Activities. Four hospital
sites were chosen to receive guidance and resources as they implement the AIMS interventions. Each study site has
assembled a local leadership team, consisting of a physician and nurse, and receives mentorship from a physician
and nurse with experience in leading similar interventions. Primary outcomes include teamwork climate, assessed
using the Safety Attitudes Questionnaire, and adverse events using the Medicare Patient Safety Monitoring System
(MPSMS). RESET uses a parallel group study design and two group pretest-posttest analyses for primary outcomes.
We use a multi-method approach to collect and triangulate qualitative data collected during 3 visits to study sites.
We will use cross-case comparisons to consider how site-specific contextual factors interact with the variation in the
intensity and fidelity of implementation to affect teamwork and patient outcomes.

Discussion: The RESET study provides mentorship and resources to assist hospitals as they implement complementary
and mutually reinforcing components to redesign the clinical microsystems caring for medical patients. Our findings
will be of interest and directly applicable to all hospitals providing care to patients with medical conditions.

Trial registration: NCT03745677. Retrospectively registered on November 19, 2018.

Keywords: Interdisciplinary communication, Patient care team, Interpersonal relations, Medical errors, Hospitalization,
Clinical microsystems
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Contributions to the literature

� Most adults requiring hospitalization are admitted
for medical conditions, yet the optimal model of
care for these patients is yet to be established.

� This study uses a clinical microsystems framework
and a set of complementary, mutually reinforcing
interventions to redesign systems of care. Prior
studies have generally evaluated single interventions.

� This study will evaluate the effect of the
interventions on teamwork climate and adverse
events. Few studies evaluating similar interventions
have assessed patient safety measures.

� This study also fills a gap in the literature by assessing
how site-specific contextual factors influence adapta-
tion of the interventions and the success of
implementation.

Background
Despite major efforts over the past two decades, the evi-
dence suggests that we are still a long way from consist-
ently delivering high quality care to hospitalized patients
[1, 2]. Most adults requiring hospitalization are admitted
for medical conditions [3], yet the optimal model of care
for these patients is yet to be established [4]. Teams caring
for medical patients are large, with membership that con-
tinually evolves and is seldom in the same place at the
same time [5]. Physicians are often spread across multiple
units and floors giving them little opportunity to develop
relationships with nurses and other professionals who work
on designated units [6]. Nurse and physician leaders com-
monly operate in silos, limiting their ability to address chal-
lenges collaboratively [7]. Patients and family members are
generally poorly informed and lack opportunities to engage
in decision making about their care [8]. As a result, medical
services lack the structure and professionals lack the shared
accountability necessary to optimally coordinate care on a
daily basis and improve performance over time [9].
A growing body of research has tested interventions to

redesign aspects of the care delivery system for hospital-
ized medical patients. These interventions include:

� Localization of physicians. Studies have shown that
localizing physicians to specific units increases the
frequency with which nurses and physicians discuss
their patients’ plans of care and reduces the number
of pages received by physicians, presumably due to
greater face-to-face communication [10, 11].

� Unit nurse-physician co-leadership. Unit nurse-
physician co-leadership is a collaborative model in
which a nurse leader and physician leader share re-
sponsibility for quality on their unit [7]. Though
not rigorously evaluated, the model has been
associated with reductions in Central Line-

Associated Blood Stream Infections, Catheter
Associated Urinary Tract Infections, and pressure
ulcers [12].

� Interprofessional rounds (a.k.a., multidisciplinary
rounds and interdisciplinary rounds). Systematic
reviews have evaluated the impact of
interprofessional rounds in medical settings and
found evidence to support improvements in staff
satisfaction, but an inconsistent effect on length of
stay [13, 14]. Though the evidence suggests
improvements in patient safety, few studies have
evaluated the effect of interprofessional rounds on
adverse events. An important development is the
growing use of interprofessional rounds at the
bedside (a.k.a., patient and family centered rounds)
to better inform and engage patients. The model is
common in pediatric settings [15], but few studies
have evaluated the impact in adult settings [16, 17].

� Performance dashboards. Individuals may struggle to
understand how their work is connected to the
organization’s overall performance. To ensure
meaning and accountability at all levels, some
leaders have developed group and unit level
performance dashboards [18, 19].

� Patient engagement strategies. Patient engagement is
associated with fewer adverse events and hospital
readmissions [20, 21]. Unit-based patient engage-
ment strategies include use of white boards in pa-
tient rooms to establish goals and communicate the
plan of care, patient experience rounds by local
leaders, and conducting nurse shift-change report as
well as interprofessional rounds at the bedside.
Despite these practices having strong face validity,
research shows they are not used consistently [22].

Importantly, the overwhelming majority of prior
research studies have evaluated the effect of a single
intervention (e.g., physician localization without unit
nurse-physician co-leadership or interprofessional
rounds) [10, 13, 23]. We believe these interventions are
better conceptualized as complementary and mutually
reinforcing components of a redesigned clinical micro-
system and should be implemented and evaluated as
such. A clinical microsystem is defined as the small
group of people who work together in a defined setting
on a regular basis to provide care [24, 25]. The benefit
of using complementary interventions to redesign the
microsystems which care for medical patients is not
known. Furthermore, the influence of contextual factors
has not been determined, nor have we identified strat-
egies associated with successful adaptation and
implementation.
In an effort to establish and disseminate the optimal

model of care to improve outcomes for hospitalized

O’Leary et al. BMC Health Services Research          (2019) 19:293 Page 2 of 11



patients, we received Agency for Healthcare Research
and Quality (AHRQ) funding for the REdesigning Sys-
tEms to Improve Teamwork and Quality for Hospital-
ized Patients (RESET) study. Our specific objectives for
this study is to implement a set of evidence-based com-
plementary interventions across a range of clinical
microsystems, identify factors and strategies associated
with successful implementation, and evaluate the impact
on quality. RESET uses a parallel group study design
and will use two group pretest-posttest analyses for pri-
mary outcomes.
The specific aims for the RESET study are to:

1. Conduct a multi-site mentored implementation
study in which each site adapts and implements
complementary interventions to improve care for
medical patients.

2. Evaluate the effect of the intervention set on
teamwork climate and patient outcomes related to
safety, patient experience, and efficiency of care for
hospitalized medical patients.

3. Assess how site-specific contextual factors interact
with the variation in the intensity and fidelity of im-
plementation to affect teamwork and patient
outcomes.

Methods/design
Clinical microsystem framework
Research has identified 5 overarching characteristics as-
sociated with successful microsystems: local leadership,
focus on the needs of staff, emphasis on the needs of
patients, attention to performance, and a rich informa-
tion environment. Medical services provide an ideal op-
portunity to study the impact of redesigning clinical
microsystems because challenges exist in each of these
5 areas (Table 1). Furthermore, improvements in these
areas may impact care across a range of conditions, not
just for a particular diagnosis.

The Advanced and Integrated MicroSystems (AIMS)
interventions
The RESET project uses the Advanced and Integrated
MicroSystems (AIMS) interventions, complementary and
mutually reinforcing components of a redesigned clinical
microsystem. The AIMS interventions address the chal-
lenges previously described and consist of 1) Unit-based
Physician Teams, 2) Unit Nurse-Physician Co-leadership,
3) Enhanced Interprofessional Rounds, 4) Unit-level Per-
formance Reports, and 5) Patient Engagement Activities.
Our research team developed the AIMs interventions
from available evidence, a detailed needs assessment, and
our research team’s past experience implementing similar
interventions [4, 26–28]. Each intervention is supported
by specific processes and tools (Table 2). Importantly,
many hospitals have implemented some of these interven-
tions, but implementation is often incomplete and few
have implemented all components [29].

Study sites
In collaboration with the Society of Hospital Medicine
(SHM) and the American Nurses Association (ANA), we
issued a national call for applications for the RESET pro-
ject. We received 14 applications from hospitals through-
out the U.S, each of which was independently assessed by
two members of research team for need (i.e., similar inter-
ventions had not already been implemented), commit-
ment, and potential for success. Four hospital sites were
selected, with two hospitals in the Southeast U.S., one in
the Midwest, and one in the West. All hospitals are
nonprofit and have between 200 and 350 beds. Two are
non-teaching hospitals and two are teaching hospitals,
though neither is a major affiliate of a medical school.

Mentored implementation, site leaders, and site project
teams
This study uses SHM’s mentored implementation model,
which involves coaching provided by external profes-
sionals who are practicing experts in the area of focus

Table 1 Challenges on Medical Services by Microsystem Domain

Domains Challenges

Local Leadership • Nursing and physician leaders often operate in silos.
• Physician leadership at the unit level may not exist.
• Formal training of unit leaders is often lacking.

Focus on Needs of Staff • Dispersion of physicians limits their connection to any particular unit.
• Team members inconsistently given orientation to units/services.
• Team member roles and expectations not defined.

Emphasis on Needs of Patients • Patients have poor comprehension of plan of care.
• Limited opportunities exist for patients and families to partner in care.

Attention to Performance • Performance data often unavailable at the unit level.
• Limited data to prompt changes during patients’ hospitalizations.

Rich Information Environment • Few opportunities for team members to share information and collaborate
on better decisions.

• Technology not leveraged to identify opportunities to improve care.
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[30]. Mentors develop an understanding of the hospital
and culture, provide guidance in developing and imple-
menting operational work plans, share their own experi-
ences and strategies for overcoming barriers, encourage
the teams to adhere to the timelines, and teach techniques
for facilitating effective practice change. RESET involves
two mentorship teams, each consisting of a physician and
nurse with experience in leading the redesign of clinical
microsystems. Mentors received 6 h of SHM Mentor Uni-
versity training for their role, which occurred during an
in-person meeting at SHM headquarters and included an
overview of the study aims, scope, and methods, funda-
mentals of mentoring, and mentor expectations [30].
Each study site has assembled a local leadership team,

including a physician leader, a nurse leader, and a research
nurse. Site physician and nurse leaders dedicate sufficient
time for the study with support from their hospital. The
research nurse receives funding from the grant to support
effort for data collection and local project management ac-
tivities. Mentors coach sites during monthly calls with site
leadership teams. The research team hosts monthly calls
with all mentors, during which each mentor team provides
updates on sites’ progress. Each site also received guidance
from their mentor team through an initial two-day site visit
to assess relationships with key stakeholders, site infrastruc-
ture, and readiness for change. Mentor teams provided a
written report with observations from site visits and recom-
mendation to site leaders.
We also convene all site leaders in a webinar thrice in

year one and twice annually thereafter. During the webi-
nars, sites share their progress, adaptations, and lessons
to date. Site leaders also receive feedback from one
another and from the research team.

Implementation framework
The Exploration, Preparation, Implementation, and Sus-
tainment (EPIS) model guides both our implementation
approach and our evaluation (Figure 1) [31]. The EPIS
model was developed by Aarons and colleagues and has
been used extensively to identify variables which play
important roles in achieving effective implementation of
evidence-based practices [32, 33]. Importantly, the EPIS
model recognizes that different variables play crucial
roles at different points in the implementation process.

Exploration and preparation
Exploration began with solicitation of potential sites, review
of site applications, and selection of final study sites. Men-
tors were matched with sites and began coaching to assist
site leaders in engaging stakeholders and selecting specific
adaptations of interventions to meet their needs. We pre-
pared and distributed a 52 page RESET Implementation
Guide to site leaders, which includes detailed descriptions
of each AIMS intervention, recommended strategies for
successful implementation, milestones, and tools (e.g., an
example project charter, work plan and communication
plan templates, roles and expectations of unit co-leaders,
and example structured communication tools to be used in
Enhanced Interprofessional Rounds).
During Preparation, mentors assisted site leaders as they

conducted a formal evaluation of organizational capacity
for planned interventions and created an implementation
plan. In collaboration with site leaders, we administered
the Organizational Readiness for Implementing Change
(ORIC) survey to all professionals on the study units [34].
ORIC is a 12 item instrument based on Weiner’s theory of
organizational readiness for change and measures two core

Table 2 Advanced and Integrated MicroSystems (AIMS) Interventions, Supporting Processes and Tools

Components Descriptions Supporting Processes and Tools

Unit-based
Physician Teams

Localization of physicians to a minimal number
of units on which they provide patient care

• Projecting expected patient volume
• Engaging stakeholders to redesign admission processes
• Monitoring progress and making adjustments

Unit Nurse-Physician
Co-leadership

Collaborative model in which a nurse leader
and physician leader are jointly responsible
for quality improvement on their unit

• Co-leader selection and training
• Co-leader job descriptions and activities
• Establishing unit norms and values
• Co-leader integration into mesosystem activities

Enhanced Interprofessional
Rounds

Interprofessional rounds, redesigned with
input from frontline professionals to optimize
collaboration and patient engagement

• Redesign work groups determine timing, format,
duration, and location

• Discussions facilitated by unit co-leaders
• Roles / expectations of attendees defined
• Structured tools to support closed-loop communication

Unit-level Performance
Reports

Performance reports designed to give unit
leaders and frontline professionals relevant,
interpretable, actionable data

• Monthly unit-level reports aligned with organizational priorities
• Daily reports to identify opportunities to improve care
• Just-in-time reports to identify opportunities to improve care
• Teamwork Climate survey reports

Patient Engagement
Activities

Methods to continually inform and engage
patients and families as partners in care

• Use of whiteboards to define goals and the daily care plan
• Patient experience rounds by unit co-leaders
• Conducting Interprofessional Rounds and nurse shift reports
at bedside
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constructs: change commitment and change efficacy [35]
ORIC is ideal for our study because it is brief, reliable, and
items are understood by frontline hospital based profes-
sionals [34]. The ORIC results were shared with site
leaders and mentors led discussions reviewing the results
during monthly calls.
In preparing the implementation plan, site leaders

selected 1 unit ideally suited for initial implementation of
interventions (Phase I Implementation) and 1–2 units for
later implementation of interventions (Phase II Imple-
mentation). Implementation of the AIMS interventions on
the Phase I units was planned to occur in or around Octo-
ber 2018 and implementation on the Phase II units is to
occur in or around October 2019. Outcome data are col-
lected for both Phase I and Phase II units before and after
implementation of the AIMS interventions on the Phase I
units (See Figure 2).
Site leaders also assembled RESET project teams to

meet every other week, with recommended membership
consisting of the site project leaders, unit co-leaders,
hospital quality improvement leaders, frontline profes-
sionals, and patient/family member representatives. Site
leaders were advised to include other key stakeholders
as needed, including professionals from bed assignment,
emergency medicine, information technology, profes-
sional development, and patient experience.

Implementation
During Implementation Phase I, the AIMS interventions
are implemented on the initial, phase I Implementation
units. The research nurse conducts fidelity measurement
for phase I implementation units and continues outcome
data collection for all study units. During Implementation
Phase II, interventions will be implemented on additional,
phase II implementation units, leveraging lessons learned
during phase I. Fidelity measurement and outcome data
collection will continue for all study units. Our use of a

phased approach during implementation is consistent with
prior studies using similar interventions, [26, 28, 36] allows
lessons learned in early implementation to be incorporated
into later implementation efforts, and provides for a rigor-
ous evaluation using both historic and concurrent controls
(i.e., difference-in-differences analytic strategy).

Sustainment
During Sustainment, site leaders will continue to monitor
fidelity measures and make needed adjustments to Imple-
mentation Phase I and II units. Site leaders will continue to
spread interventions to other units, as appropriate, though
no formal evaluation of fidelity will occur beyond Phase I
and Phase II units. Mentors will assist site leaders in identi-
fying and responding to potential threats, including bed
capacity constraints, development of new clinical services,
staffing shortages, and other competing priorities.

Data collection
Each site has designated a research nurse who receives
grant funding to support effort to conduct observations,
help administer surveys to professionals, conduct medical
record abstractions, and assemble data from administrative
databases. The research nurse provides data to the central
coordinating center (Northwestern University) via the
Research Electronic Data Capture (REDCap) platform, a
secure, HIPAA compliant web-based application designed
to support data capture for research studies [37].

Fidelity measures
Fidelity data are collected by the research nurse during
brief interviews of physicians, brief surveys of hospital
leaders, and direct observations (See Additional file 1:
Table S1). The exact timing of observations is not dis-
closed to healthcare professionals (i.e., interviews and
observations will be unannounced) to reduce risk for
bias. Monthly reports of fidelity measure performance

Fig. 1 Overview of Implementation Approach using EPIS Framework
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are provided by the research team to site leaders and
their mentors. Monitoring of fidelity measures and
ongoing mentorship allows site leaders to make adjust-
ments to optimize implementation.

Outcome measures
Teamwork climate (primary outcome)
We will assess teamwork climate using the Safety Attitudes
Questionnaire (SAQ) developed by Sexton et al. [38] The
SAQ teamwork climate domain includes 14 questions,
generates a score from 0 to 100, and has been sensitive to
change in prior studies assessing microsystem change [36,
39]. Similar to prior studies, we also ask respondents to
rate the quality of collaboration experienced with each pro-
fessional type [6, 40]. We administer the survey annually
(years 1 through 4) to all nurses, nurse assistants, physi-
cians, pharmacists, social workers, and case managers on
study units. Names and email addresses of professionals on
study units are obtained and the survey administered by
the central coordinating center using REDCap. Site leaders
promote completion of the survey and non-responders re-
ceive up to 5 reminder emails to optimize response rates.

Adverse events (primary outcome)
We use the Medicare Patient Safety Monitoring System
(MPSMS) methodology to detect adverse events. MPSMS
is a medical record-based national patient safety surveil-
lance system that provides rates for specific inpatient
adverse event measures [41, 42]. MPSMS data have been
used in Agency for Healthcare Research and Quality
National Health Care Quality and Disparities Reports and
currently serve as the major national-level patient safety
data source for the U.S. Department of Health and Human
Services [1]. MPSPS has been shown be reliable and valid
in detecting adverse events among hospitalized patients
[41, 43]. We collect data for 9 types of adverse events which
commonly occur among hospitalized general medical pa-
tients, including adverse drug events, hospital acquired

infections, pressure ulcers, and falls. Data will be reported
as the number and percentage of patients experiencing one
or more adverse event and the number of adverse events
per 1000 discharges.

Patient experience (secondary outcome)
We use Hospital Consumer Assessment of Healthcare Pro-
viders and Systems (HCAHPS) global ratings of hospital
care [44]. Data will be reported as the number and percent-
age of patients giving the most favorable rating (“top box”)
to patient satisfaction questions. Each year, the research
nurse will obtain data for patients admitted to study units,
excluding those transferred from other hospitals and those
initially admitted to other units. Research nurses will
de-identify data prior to importing it into REDcap.

Efficiency measures (secondary outcomes)
We assess efficiency of care using hospital length of stay
(LOS) and 30-day readmissions. LOS will be reported as
median (IQR) as data are typically skewed in distribution.
As for patient experience data, the research nurse will ob-
tain data on a yearly basis for patients admitted to study
units, excluding those transferred from other hospitals and
those initially admitted to other units. Research nurses will
de-identify data prior to importing it into REDcap. This
data will include information on patient age, sex, race,
payer, admission source, primary diagnosis, secondary
diagnoses, type of admission (i.e., observation vs. inpatient),
and discharge destination (i.e., home vs. other).

Statistical analyses
Research team members at Northwestern University
(KJO and JL) will have access to quantitative data and
conduct analyses. We will conduct several analyses for
each of our two primary outcomes: teamwork climate
and adverse events.

Fig. 2 Overview of RESET Study Design and Data Collection
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Teamwork climate
First, we will compare baseline teamwork climate scores
to post-implementation scores for Phase I Implementa-
tion Units. We will use two-sample t tests (for all profes-
sionals) and paired t tests (for professionals responding
to both surveys). Data is expected to be normally distrib-
uted based on prior studies [36, 39]. Second, we will
compare baseline teamwork climate scores to post-im-
plementation scores for Phase II Implementation Units
using two-sample t tests (for all professionals) and
paired t tests (for professionals responding to both sur-
veys). Third, we will conduct a two group pretest-post-
test analysis using multiple linear regression with
teamwork score as the outcome variable. The model will
compare the change in teamwork climate from baseline
to post-implementation in Phase I Implementation units
to the change in Phase II Implementation units across 2
baseline periods. The model will use an interaction term
defined as unit type (Phase I vs. Phase II) multiplied by
the intervention period (year 1 vs. year 2) to examine
the change in teamwork climate (i.e., difference-in-differ-
ences analysis). We will use standard errors robust to
the clustering of professionals within each hospital.

Adverse events
We will conduct two group pretest-posttest analyses using
2 multiple regression models. The first model will use logis-
tic regression and the occurrence of one or more adverse
events as the outcome variable (0 if patient experiences no
adverse events, 1 if the patient experiences ≥1). The model
will compare the change in the percentage of patients
experiencing one or more adverse events from baseline to
post-implementation in Phase I Implementation units to
the change in Phase II Implementation units across 2 base-
line periods. The model will use an interaction term
defined as unit type (Phase I vs. Phase II) multiplied by the
intervention period (year 1 vs. year 2) to examine the
change in the outcome. (i.e., difference-in-differences ana-
lysis). We will use standard errors robust to the clustering
of patients within each hospital. The second model will use
Poisson regression and the number of adverse events per
1000 discharges as the outcome variable. This method
accounts for episodes in which a patient may experience
more than one adverse event. This model will compare the
change in the number of adverse events per 1000
discharges from baseline to post-implementation in Phase I
Implementation units to the change in Phase II Implemen-
tation units across 2 baseline periods. The model will use
an interaction term similar to that described above (i.e.,
difference-in-differences analysis) and include standard er-
rors robust to the clustering of patients within each hos-
pital. Covariates for both models will include patient age,
sex, race, payer, admission source, primary diagnosis,

Elixhauser index [45], type of admission (i.e., observation
vs. inpatient), and discharge destination (i.e., home vs.
other).

Power and sample size
Teamwork climate
Prior research using similar interventions has shown that
teamwork climate increases for all professionals, but the
improvement is greatest for nurses [36, 39, 40]. Therefore,
we estimated a target sample size of nurses using results
from prior studies. A sample size of 68 achieves 90%
power to detect a mean of paired differences of 4.0 with
an estimated standard deviation of differences of 10.0 and
with a significance level of 0.05 using a two-sided paired
t-test [46]. This sample size reflects completed paired sur-
veys for 17 nurses at each site and is extremely feasible
based on prior studies [36, 39, 40].

Adverse events
We used data from the AHRQ National Scorecard on
Rates of Hospital Acquired Conditions 2010 to 2015,
which also uses the MPSMS methodology, to estimate
current rates for the adverse events included in our
study [47]. The national rate for adverse events included
in our study is 89.3 per 1000 discharges. Based on prior
studies, we conservatively expect a 33% reduction in the
rate of adverse events as a result of our interventions
[36, 48]. Importantly, adverse events have recently de-
clined by approximately 4% each year [47]. Accounting
for this trend, we estimate a need to enroll a target sam-
ple size of 1936 patients each year (482 per site per year)
to have 90% power to detect a significant improvement
in adverse events using a Poisson regression accounting
for clustering of hospitals (r = 0.3).

Qualitative data collection
We use a multi-method approach to collect and triangu-
late data from numerous sources at each of the study
sites. Site visits form the basis of the data collection and
provide the opportunity to conduct ethnographic obser-
vations, semi-structured interviews, and focus groups.

Site visits
An interdisciplinary site visit team consisting of a qualita-
tive researcher (JKJ), a physician-researcher (KJO), and a
nurse-researcher (MM) conducts the site visits. Site visits
are conducted at each site in years 1, 3, and 5. Data are col-
lected through observations, interviews, and focus groups.

Observations
We conduct a series of ethnographic observations during
the site visits to help us understand each hospital’s local
context and how unit-specific contextual factors affect the
adaptation and implementation of the intervention
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components [49, 50] (e.g., observe physician and nurse
work activities, interprofessional rounds) (see Additional
file 2). In addition, we tour the medical units to observe
physical spaces and have conversations with hospital staff
in their own environment. The site team assumes the role
of “peripheral-member-researcher” which brings an in-
sider’s perspective to the observations to allow accurate ap-
praisal of activities [51].

Interviews
We conduct semi-structured interviews with key stake-
holders at each site [52, 53] (see Additional file 3). Partici-
pants include the site leadership team (physician leader,
nurse leader, and research nurse), Chief Medical Officer,
and Chief Nurse Officer. Interview data is an important
source of the information about how individuals think
about quality, local culture, and the effectiveness of the in-
terventions. Interview questions focus on assessing the
local adaptation and implementation of each component,
as well as the individual’s perceptions of the utility of each
component.

Focus groups
We conduct focus groups in each hospital using a set of
semi-structured questions to guide discussion. Focus group
participants include the site leadership team, hospitalists,
nurses, and the hospital professionals involved in imple-
mentation at the microsystem level (e.g., unit co-leaders).
The data from the focus groups provides important infor-
mation about issues related to each intervention and how
site team members interact with one another.

Artifacts
Artifacts are “the implements, notes, or materials” used
during the adaptation and implementation of the interven-
tions (e.g., hospital application, notes from mentor calls,
structured communication tools, unit performance reports)
[54]. Analysis of these artifacts will provide additional infor-
mation about site-specific contextual factors [55].

Qualitative data analysis
Each researcher takes detailed notes of observations and
discussions during interviews and focus groups. Notes will
be analyzed using a computer-assisted qualitative data
analysis software (MAXQDA). During analysis, categorical
themes will be identified and applied. We will conduct a
hybrid form of analysis which will combine inductive and
deductive logics [56, 57]. The analytic strategy is informed
by the task at hand (evaluation of the adaptation and im-
plementation of the interventions), as well as the desire to
allow unanticipated themes to emerge from the data and
to allow participants’ understandings to come to the fore
[58]. Deductively, we will begin by imposing a priori cat-
egories that serve the needs of the evaluation. While the

first dimension is chronologically ordered (Exploration,
Preparation, Implementation, Sustainment), the second
dimension adapts the conceptual framework for analyzing
textual data proposed by Corbin and Strauss [59]. We will
use cross-case comparisons to consider how site-specific
contextual factors interact with the variation in the inten-
sity and fidelity of implementation to affect teamwork and
patient outcomes [60]. Generalizability will be increased
by providing details of the changes and contextual factors
of each hospital.

Timeline
A high level timeline for the RESET study is provided in
Figure 3. Exploration and Preparation occurred in year
1. Sites began to implement the AIMS interventions on
Phase I units in year 2 (Implementation Phase I). Sites
implement the AIMS interventions on Phase II units in
year 3 (Implementation Phase II). Sustainment occurs in
year 4 and program analysis occurs in year 5.

Discussion
A number of challenges impede our ability to consist-
ently provide high quality care to patients with medical
problems. The RESET study uses a clinical microsystems
framework and a set of complementary, mutually
reinforcing interventions to redesign systems of care for
hospitalized medical patients. Quantitative data will
allow us to evaluate the effect the interventions on team-
work climate and patient outcomes, while qualitative
data will allow us to assess how site-specific contextual
factors influence adaptation of the interventions and in-
fluence the success of implementation.

Strengths
The RESET study has several notable strengths. First,
the majority of prior studies have evaluated the effect of
single interventions to redesign aspects of care delivery
for patients hospitalized with medical conditions. RESET
will assess the effect of a set of complementary and mu-
tually reinforcing interventions (i.e., the AIMS interven-
tions). Second, RESET uses an established mentored
implementation approach and interprofessional site and
mentor teams. Third, our phased implementation allows
lessons learned in early implementation to be incorpo-
rated into later implementation efforts, and provides for
a rigorous evaluation using both historic and concurrent
controls (i.e., difference-in-differences analytic strategy).
Most prior studies have used a before-and-after study
design which does not account for baseline trends in out-
comes assessed. Fourth, we provide resources for collection
of fidelity and outcome measures. Providing fidelity mea-
sures to sites on a regular basis allows them to identify
areas for improvement and make adaptations. Finally, our
qualitative assessment will allow us to describe how sites
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have adapted the interventions and contextual factors
which influenced the success of implementation.

Challenges
We anticipated several challenges with the RESET study.
Even with the rigorous support provided, sites have found
the redesign of hospital systems to be difficult. The biggest
challenges thus far relate to unit-based physician teams,
unit nurse-physician co-leadership, and enhanced interpro-
fessional rounds. With regard to unit-based physician
teams, sites have had to make fundamental changes to their
processes for assigning newly admitted patients to physi-
cians. Sites are now designating specific physicians to care
for patients on specific units and newly admitted patients
are assigned to a physician based on their unit location.
The implementation of unit nurse-ohysician co-leader-

ship has been challenging because sites have struggled to

provide protected time for unit physician leaders to
serve in this role. Additionally, some sites have felt that
they have few talented and/or interested physician
leaders to serve as a unit physician leader. Mentors have
coached teams in advocating for this role and selection
and training of potential physician leaders.
Of note, all sites have decided to implement enhanced

interprofessional rounds at the bedside. Site teams have
had to address key issues when planning the implemen-
tation of enhanced interprofessional rounds, including
the determination of which professionals should be
present, the optimal duration, and whether interprofes-
sional rounds should be combined with the physician’s
planned encounter for the day. Regarding the latter,
most sites have planned to have physicians visit patients
before interprofessional rounds to discuss more detailed
medical issues and perform physical examinations.

Study Period Exploration / 
Preparation

Implementation 
Phase I

Implementation
Phase II Sustainment Close-

out

Study Stage E P T1 T2 T3 T4 T5 T6

Timepoint (6 mo. period) 0 1 2 3 4 5 6

Enrollment

Study site selection X

Mentors matched to sites X

Site leader meetings with local 
project teams

X X X X X X X

Sites select phase I and II units X X

Interventions

Sites have monthly calls with 
their mentor teams
Sites develop implementation 
plans for AIMS interventions X X

AIMS interventions on Phase I 
Units

All site project update webinars X X X X X

AIMS interventions on Phase II 
Units

Assessments

ORIC survey X

Teamwork Climate surveys X X X

Fidelity measurement 
collection  
Outcome measurement 
collection

Research team site visits X X X

Evaluation and 
Dissemination

Quantitative data analysis X X X X

Qualitative data analysis X X X

Reporting / publication / 
dissemination X

Fig. 3 RESET Study Timeline (SPIRIT diagram of trial stages of enrollment, intervention, assessment, and evaluation)
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Dissemination and impact
Findings from this study will be directly applicable to all
hospitals caring for patients with general medical condi-
tions. Importantly, the study was informed by, and lever-
ages the expertise and influence of a diverse group of
stakeholders, including SHM, the ANA, and the Institute
for Patient- and Family-Centered Care. These stake-
holder groups continue to provide critical input and will
be instrumental in disseminating our findings.

Additional files

Additional file 1: Table S1. Measures to Assess Fidelity of
Implementation. Table S2. Safety, Patient Experience, and Efficiency
Outcome Measures (DOCX 14 kb)

Additional file 2: Redesigning Systems to Improve Teamwork and
Quality for Hospitalized Patients (RESET) – Site Visit. Observation protocol
(DOCX 13 kb)

Additional file 3: Redesigning Systems to Improve Teamwork and
Quality for Hospitalized Patients (RESET) – Site Visit. Interview guide for
semi-structured interviews with leaders and guide for focus group
discussions with front line staff (DOCX 38 kb)

Abbreviations
AIMS: Advanced and Integrated MicroSystems; ANA: American Nurses
Association; EPIS: Exploration, Preparation, Implementation, Sustainment;
HCAHPS: Hospital Consumer Assessment of Healthcare Providers and
Systems; MPSMS: Medicare Patient Safety Monitoring System;
ORIC: Organizational Readiness for Implementing Change;
RESET: Redesigning Systems to Improve Teamwork and Quality for
Hospitalized Patients; SAQ: Safety Attitudes Questionnaire; SHM: Society of
Hospital Medicine

Acknowledgements
The authors express their gratitude to Katie Clepp, Ronald Estrella, Krystal
Hanrahan, Jane Kim, Luci Leykum, Sara Platt, Liza Rivnay, and G. Randy Smith
for their support as RESET project team members. The authors also express
their gratitude to Marie Abraham, Marjorie Godfrey, Beverly Johnson,
Christopher Kim, Vineeta Mittal, and Seun Ross for their support as members
of the RESET External Advisory Panel. Finally, the authors express their
gratitude to the study site leaders and all healthcare professionals
collaborating on the project at each site.

Funding
The RESET study is supported by a grant from the Agency for Healthcare
Research and Quality (AHRQ). R18 HS25649. AHRQ plays no role in study
design; collection, management, analysis, and interpretation of data; writing
of the report; and the decision to submit the report for publication.

Availability of data and materials
This paper does not include any data as it is a protocol paper. When data is
collected, we ask that readers request it from the lead author.

Authors’ contributions
KJO led the design of the study and drafted the manuscript. JKJ and MM
co-authored the design of the study and critically reviewed the manuscript.
JDG, JL, and MVW co-authored the design of the study and helped to finalize
the manuscript. All authors have read and approved the manuscript.

Ethics approval and consent to participate
The Northwestern University Institutional Review Board approved this study.
The need for consent was waived by the Northwestern University
Institutional Review Board. Each study site has also received approval from
the appropriate local entities.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Division of Hospital Medicine, Northwestern University Feinberg School of
Medicine, 211 E. Ontario Street, Suite 700, Chicago, IL 60611, USA.
2Department of Surgery and the Center for Healthcare Studies, Northwestern
University Feinberg School of Medicine, Chicago, IL, USA. 3Department of
Systems, Populations, and Leadership, University of Michigan School of
Nursing, Ann Arbor, MI, USA. 4Center for Hospital Innovation and
Improvement, Society of Hospital Medicine, Philadelphia, PA, USA.
5Department of Preventative Medicine, Northwestern University Feinberg
School of Medicine, Chicago, IL, USA. 6Center for Health Services Research,
University of Kentucky College of Medicine, Lexington, KY, USA.

Received: 13 March 2019 Accepted: 22 April 2019

References
1. 2017 National Healthcare Quality and Disparities Report. Rockville: Agency for

Healthcare Research and Quality;2018.
2. Bates DW, Singh H. Two decades since to err is human: an assessment of

Progress and emerging priorities in patient safety. Health Aff. 2018;37(11):
1736–43.

3. McDermott KW, Elixhauser A, Sun R. Trends in Hospital Inpatient Stays in
the United States, 2005–2014. HCUP Statistical Brief #225. Rockville: Agency
for Healthcare Research and Quality; 2017.

4. Pannick S, Beveridge I, Wachter RM, Sevdalis N. Improving the quality and
safety of care on the medical ward: a review and synthesis of the evidence
base. Eur J Intern Med. 2014;25(10):874–87.

5. O'Leary KJ, Thompson JA, Landler MP, et al. Patterns of nurse-physician
communication and agreement on the plan of care. Qual Saf Health Care.
2010;19(3):195–9.

6. O'Leary KJ, Ritter CD, Wheeler H, Szekendi MK, Brinton TS, Williams MV.
Teamwork on inpatient medical units: assessing attitudes and barriers. Qual
Saf Health Care. 2010;19(2):117–21.

7. Clark RC, Greenawald M. Nurse-physician leadership: insights into
interprofessional collaboration. J Nurs Adm. 2013;43(12):653–9.

8. Sommer AE, Golden BP, Peterson J, Knoten CA, O'Hara L, O'Leary KJ.
Hospitalized Patients' knowledge of care: a systematic review. J Gen Intern
Med. 2018;33(12):2210–29.

9. Pannick S, Wachter RM, Vincent C, Sevdalis N. Rethinking medical ward
quality. BMJ. Clinical Res Ed. 2016;355:i5417.

10. O'Leary KJ, Wayne DB, Landler MP, et al. Impact of localizing physicians to
hospital units on nurse-physician communication and agreement on the
plan of care. J Gen Intern Med. 2009;24(11):1223–7.

11. Singh S, Tarima S, Rana V, et al. Impact of localizing general medical teams
to a single nursing unit. J Hosp Med. 2012;7(7):551–6.

12. Rich VL, Brennan PJ. Improvement projects led by unit-based teams of
nurse, physician, and quality leaders reduce infections, lower costs, improve
patient satisfaction, and nurse–physician communication. AHRQ Health Care
Innovations Exchange. 2014. https://innovations.ahrq.gov/profiles/
improvement-projects-led-unit-based-teams-nurse-physician-and-quality-
leaders-reduce. Accessed 30 Apr 2019.

13. Bhamidipati VS, Elliott DJ, Justice EM, Belleh E, Sonnad SS, Robinson EJ.
Structure and outcomes of interdisciplinary rounds in hospitalized medicine
patients: a systematic review and suggested taxonomy. J Hosp Med. 2016;
11(7):513–23.

14. Pannick S, Davis R, Ashrafian H, et al. Effects of interdisciplinary team care
interventions on general medical wards: a systematic review. JAMA Intern
Med. 2015;175(8):1288–98.

15. Mittal VS, Sigrest T, Ottolini MC, et al. Family-centered rounds on pediatric
wards: a PRIS network survey of US and Canadian hospitalists. Pediatrics.
2010;126(1):37–43.

O’Leary et al. BMC Health Services Research          (2019) 19:293 Page 10 of 11

https://doi.org/10.1186/s12913-019-4116-z
https://doi.org/10.1186/s12913-019-4116-z
https://doi.org/10.1186/s12913-019-4116-z
https://innovations.ahrq.gov/profiles/improvement-projects-led-unit-based-teams-nurse-physician-and-quality-leaders-reduce
https://innovations.ahrq.gov/profiles/improvement-projects-led-unit-based-teams-nurse-physician-and-quality-leaders-reduce
https://innovations.ahrq.gov/profiles/improvement-projects-led-unit-based-teams-nurse-physician-and-quality-leaders-reduce


16. Gonzalo JD, Kuperman E, Lehman E, Haidet P. Bedside interprofessional rounds:
perceptions of benefits and barriers by internal medicine nursing staff, attending
physicians, and housestaff physicians. J Hosp Med. 2014;9(10):646–51.

17. O'Leary KJ, Killarney A, Hansen LO, et al. Effect of patient-centred bedside
rounds on hospitalised patients' decision control, activation and satisfaction
with care. BMJ Qual Saf. 2016;25(12):921–8.

18. Fox LA, Walsh KE, Schainker EG. The creation of a pediatric Hospital medicine
dashboard: performance assessment for improvement. Hospital Pediatr. 2016;6(7):
412–9.

19. Hwa M, Sharpe BA, Wachter RM. Development and implementation of a balanced
scorecard in an academic hospitalist group. J Hosp Med. 2013;8(3):148–53.

20. Mitchell SE, Gardiner PM, Sadikova E, et al. Patient activation and 30-day
post-discharge hospital utilization. J Gen Intern Med. 2014;29(2):349–55.

21. Weingart SN, Zhu J, Chiappetta L, et al. Hospitalized patients' participation
and its impact on quality of care and patient safety. Int J Qual Health Care.
2011;23(3):269–77.

22. Herrin J, Harris KG, Kenward K, Hines S, Joshi MS, Frosch DL. Patient and family
engagement: a survey of US hospital practices. BMJ Qual Saf. 2016;25(3):182–9.

23. Singh S, Fletcher KE. A qualitative evaluation of geographical localization of
hospitalists: how unintended consequences may impact quality. J Gen
Intern Med. 2014;29(7):1009–16.

24. Nelson EC, Batalden PB, Godfrey MM, Lazar JS. Value by design: developing
clinical microsystems to achieve organizational excellence. 2nd ed. San
Francisco: Jossey-Bass; 2011.

25. Nelson EC, Batalden PB, Huber TP, et al. Microsystems in health care: part 1.
Learning from high-performing front-line clinical units. Jt Comm J Qual
Improv. 2002;28(9):472–93.

26. Kara A, Johnson CS, Nicley A, Niemeier MR, Hui SL. Redesigning inpatient
care: testing the effectiveness of an accountable care team model. J Hosp
Med. 2015;10(12):773–9.

27. O'Leary KJ, Sehgal NL, Terrell G, Williams MV. Interdisciplinary teamwork in
hospitals: a review and practical recommendations for improvement. J Hosp
Med. 2012;7(1):48–54.

28. Stein J, Payne C, Methvin A, et al. Reorganizing a hospital ward as an
accountable care unit. J Hosp Med. 2015;10(1):36–40.

29. O'Leary KJ, Johnson JK, Manojlovich M, Astik GJ, Williams MV. Use of unit-
based interventions to improve the quality of Care for Hospitalized Medical
Patients: a National Survey. Jt Comm J Qual Patient Saf. 2017;43(11):573–9.

30. Maynard GA, Budnitz TL, Nickel WK, et al. 2011 John M. Eisenberg patient
safety and quality awards. Mentored implementation: building leaders and
achieving results through a collaborative improvement model. Innovation
in patient safety and quality at the national level. Jt Comm J Qual Patient
Saf. 2012;38(7):301–10.

31. Aarons GA, Hurlburt M, Horwitz SM. Advancing a conceptual model of
evidence-based practice implementation in public service sectors. Admin
Pol Ment Health. 2011;38(1):4–23.

32. Aarons GA, Green AE, Trott E, et al. The roles of system and organizational
leadership in system-wide evidence-based intervention sustainment: a
mixed-method study. Admin Pol Ment Health. 2016;43(6):991–1008.

33. Novick G, Womack JA, Lewis J, et al. Perceptions of barriers and facilitators
during implementation of a complex model of group prenatal Care in six
Urban Sites. Res Nurs Health. 2015;38(6):462–74.

34. Shea CM, Jacobs SR, Esserman DA, Bruce K, Weiner BJ. Organizational
readiness for implementing change: a psychometric assessment of a new
measure. Implement Sci. 2014;9:7.

35. Weiner BJ. A theory of organizational readiness for change. Implementation
science : IS. 2009;4:67.

36. O'Leary KJ, Creden AJ, Slade ME, et al. Implementation of unit-based
interventions to improve teamwork and patient safety on a medical service.
Am J Med Qual. 2015;30(5):409–16.

37. Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG. Research electronic
data capture (REDCap)--a metadata-driven methodology and workflow process
for providing translational research informatics support. J Biomed Inform. 2009;
42(2):377–81.

38. Sexton JB, Helmreich RL, Neilands TB, et al. The safety attitudes
questionnaire: psychometric properties, benchmarking data, and emerging
research. BMC Health Serv Res. 2006;6:44.

39. O'Leary KJ, Wayne DB, Haviley C, Slade ME, Lee J, Williams MV. Improving
teamwork: impact of structured interdisciplinary rounds on a medical
teaching unit. J Gen Intern Med. 2010;25(8):826–32.

40. O'Leary KJ, Haviley C, Slade ME, Shah HM, Lee J, Williams MV. Improving teamwork:
impact of structured interdisciplinary rounds on a hospitalist unit. J Hosp Med.
2011;6(2):88–93.

41. Classen DC, Munier W, Verzier N, et al. Measuring patient safety: the
Medicare Patient Safety Monitoring System (Past, Present, and Future) [Epub
ahead of print]. J Patient Safety. 2016.

42. Wang Y, Eldridge N, Metersky ML, et al. National trends in patient safety for
four common conditions, 2005-2011. N Engl J Med. 2014;370(4):341–51.

43. Hunt DR, Verzier N, Abend SL, et al. Advances in Patient Safety:
Fundamentals of Medicare Patient Safety Surveillance: Intent, Relevance,
and Transparency. In: Henriksen K, Battles JB, Marks ES, Lewin DI, editors.
Advances in Patient Safety: From Research to Implementation (Volume 2:
Concepts and Methodology). Rockville: Agency for Healthcare Research and
Quality (US); 2005.

44. HCAHPS. Hospital Consumer Assessment of Healthcare Providers and
Systems. https://www.hcahpsonline.org/. Accessed 30 Apr 2019.

45. van Walraven C, Austin PC, Jennings A, Quan H, Forster AJ. A modification
of the Elixhauser comorbidity measures into a point system for hospital
death using administrative data. Med Care. 2009;47(6):626–33.

46. Machin D, Campbell M, Fayers P, Pinol A. Sample Size Tables for clinical
studies. 2nd ed. Malden: Blackwell Science; 1997.

47. National Scorecard on Rates of Hospital-Acquired Conditions 2010 to 2015:
Interim Data from National Efforts to Make Health Care Safer. Rockville:
Agency for Healthcare Research and Quality;2016.

48. O'Leary KJ, Buck R, Fligiel HM, et al. Structured interdisciplinary rounds in a
medical teaching unit: improving patient safety. Arch Intern Med. 2011;
171(7):678–84.

49. Benning A, Ghaleb M, Suokas A, et al. Large scale organisational
intervention to improve patient safety in four UK hospitals: mixed method
evaluation. BMJ (Clin Res Ed). 2011;342:d195.

50. Taxis K, Barber N. Ethnographic study of incidence and severity of
intravenous drug errors. BMJ (Clin Res Ed). 2003;326(7391):684.

51. Adler P, Adler A. Observational Techniques. In: Denzin N, Lincoln Y, editors.
Handbook of qualitative research. Thousand Oaks: Sage Publishing; 1994.

52. Barach P, Johnson JK, Ahmad A, et al. A prospective observational study of
human factors, adverse events, and patient outcomes in surgery for
pediatric cardiac disease. J Thorac Cardiovasc Surg. 2008;136(6):1422–8.

53. Johnson JK, Barach P, Vernooij-Dassen M. Conducting a multicentre and
multinational qualitative study on patient transitions. BMJ Qual Saf. 2012;
21(Suppl 1):i22–8.

54. Norman D. Cognitive Artifacts. In: Carroll J, editor. Designing interaction:
psychology in the human-computer interface. Cambridge: Cambridge
University Press; 1991.

55. Johnson JK, Arora VM, Barach PR. What can artefact analysis tell us about
patient transitions between the hospital and primary care? Lessons from
the HANDOVER project. Eur J Gen Pract. 2013;19(3):185–93.

56. Lofland J, Lofland LH. Analyzing social settings. Belmont: Wadsworth
Publishing Company; 2006.

57. Miles MB, Huberman AM, Saldana J. Qualitative data analysis: a methods
sourcebook. Los Angeles: Sage Publications; 2014.

58. Stevens DP, Bowen JL, Johnson JK, et al. A multi-institutional quality
improvement initiative to transform education for chronic illness care in
resident continuity practices. J Gen Intern Med. 2010;25 Suppl 4:S574–80.

59. Corbin J, Stauss A. Basics of qualitative research: techniques and procedures
for developing grounded theory. Thousand Oaks: Sage Publications; 2008.

60. Miles MB, Huberman AM. An expanded sourcebook: qualitative data
analysis. 2nd ed. Thousand Oaks: Sage Publications; 1990.

O’Leary et al. BMC Health Services Research          (2019) 19:293 Page 11 of 11

https://www.hcahpsonline.org/

	University of Kentucky
	UKnowledge
	5-8-2019

	Redesigning Systems to Improve Teamwork and Quality for Hospitalized Patients (RESET): Study Protocol Evaluating the Effect of Mentored Implementation to Redesign Clinical Microsystems
	Kevin J. O'Leary
	Julie K. Johnson
	Milisa Manojlovich
	Jenna D. Goldstein
	Jungwha Lee
	See next page for additional authors
	Repository Citation
	Authors


	Abstract
	Background
	Methods
	Discussion
	Trial registration

	Contributions to the literature
	Background
	Methods/design
	Clinical microsystem framework
	The Advanced and Integrated MicroSystems (AIMS) interventions
	Study sites
	Mentored implementation, site leaders, and site project teams
	Implementation framework
	Exploration and preparation
	Implementation
	Sustainment

	Data collection
	Fidelity measures
	Outcome measures
	Teamwork climate (primary outcome)
	Adverse events (primary outcome)
	Patient experience (secondary outcome)
	Efficiency measures (secondary outcomes)

	Statistical analyses
	Teamwork climate
	Adverse events

	Power and sample size
	Teamwork climate
	Adverse events

	Qualitative data collection
	Site visits
	Observations
	Interviews
	Focus groups
	Artifacts
	Qualitative data analysis

	Timeline

	Discussion
	Strengths
	Challenges
	Dissemination and impact

	Additional files
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

