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Abstract

Background Home-based care for patients diagnosed in emergency departments (EDs) with low-risk pulmonary
embolism (PE) is an evidence-based, guideline-recommended practice that is not widely adopted in the US. Few
studies demonstrate how this care pathway can be implemented effectively or test whether implementation strate-
gies can address known barriers. Further, prior studies have lacked diversity in population and health system type
and did not integrate theory-informed implementation frameworks. Although essential for establishing the evidence
base for safe home management of low-risk acute PE, these studies have thus fallen short of guiding broad dissemi-
nation and equitable implementation. To bridge this gap, we are conducting a pragmatic multi-site implementation
trial, guided by implementation science theory and frameworks, across twelve diverse hospital settings to assess

the effectiveness of new care pathways for patients with low-risk PE presenting to EDs.

Methods/design The study uses a cluster-randomized stepped wedge trial design to investigate a set of implemen-
tation strategies to support establishing low-risk PE pathways in 12 EDs. Clusters of three hospitals were randomly
assigned to one of four start dates, staggered over a 12-month period. During an initial three-month pre-implemen-
tation period, we will work with site champions to identify key site personnel and understand site barriers and facilita-
tors. We will then tailor the care pathway to local needs and capabilities. During the six-month active implementation
period, we will provide coaching to help sites implement a multi-component intervention informed by behavioral
economics intended to address multi-level (site, provider, patient) barriers and integrate the new care pathway for dis-
charging low-risk PE patients. Sites are then followed for a minimum of 12 months post-implementation. Our primary
aim is to assess the change in discharge rates of patients with acute PE pre- and post-implementation. Secondary
and exploratory aims will assess change in patient safety outcomes along with other key implementation outcomes
guided by the RE-AIM framework.
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Discussion This study expands upon prior effectiveness research to tailor, implement, and robustly evaluate a multi-
component implementation intervention for diverse health systems aiming to increase guideline-based outpa-
tient management of low-risk PE. Broad-scale implementation in the US could avert up to 100,000 hospitalizations

annually.

Trial registration Clinicaltrials.gov (NCT06312332), registered on March 13, 2024.
Keywords Pulmonary embolism, Implementation science, Home-based treatment, Emergency department,

Implementation frameworks

Contributions to the literature

—This stepped-wedge trial will use implementation sci-
ence frameworks and a novel behavioral nudge to
increase the use of home-based care for patients with
low-risk acute pulmonary embolism

—The use of theory-informed implementation frame-
works and behavioral economic interventions is unique
in the design of a clinician-facing implementation
intervention

—This study aims to improve evidence-based care across
a diverse set of health systems following an Implemen-
tation Mapping process to adapt the implementation
plan to local contextual needs

Background

Pulmonary embolism (PE) is a frequent diagnosis in
emergency department (ED) settings, impacting more
than 250,000 Americans annually [1]. These patients uti-
lize a high degree of health care resources, in particular,
because up to 95% are admitted to hospitals [2]. However,
research suggests that 25-40% of patients with acute
PE in ED settings can be safely managed at home [3, 4].
In addition to reduced cost, outpatient management of
low-risk acute PE reduces complications and aligns with
patient preferences.

Leading society guidelines suggest that patients with
acute PE at low risk of complications can be safely dis-
charged for home-based care [5-7]. Guidelines advocate
for providers’ use of simple risk assessment tools to iden-
tify patients with acute PE at low-risk of complications.
The most extensively studied risk tools include the Pul-
monary Embolism Severity Index (PESI) [8], simplified
PESI (sPESI) [9], and Hestia criteria [10], all of which
quantify patient risk as a function of a patient’s demo-
graphics, comorbidities, and clinical presentation.

Guidelines also recommend the use of direct oral anti-
coagulants (DOAC) for patients with low-risk acute PE
as DOAC medications are easy to administer and have
robust evidence supporting their safety and efficacy [5—
7]. However, even with these evidence-based guideline
recommendations, outpatient management of acute PE in

the United States (US) remains low. This starkly contrasts
with care in Canada and parts of Europe, where patients
with low-risk acute PE are routinely managed in the out-
patient setting. As such, efforts are needed to determine
how best to implement guideline-recommended outpa-
tient management for patients with low-risk acute PE
diagnosed in US EDs.

Several key barriers have been identified that may sty-
mie US EDs from implementing care pathways that sup-
port home-based management of low-risk PE patients
[8]. These barriers suggest that high-fidelity implementa-
tion of these care pathways may fail without thoughtful
planning that addresses ED clinician lack of familiar-
ity with outpatient trial results, ED clinician workflow,
patient access to anticoagulation therapy, and rapid, reli-
able outpatient follow up. Further, behavioral economics
may also inform promising strategies for ensuring that
care pathways, once established at an institution, are
used by ED providers.

A key barrier that has not been thoroughly considered
is that ED clinicians commonly rely on fast-thinking
(type I) heuristics to make rapid clinical assessment and
treatment decisions. This is a necessary skill developed
during training that allows ED clinicians to assess and
treat critically ill patients rapidly. That same fast-thinking
heuristic also maximizes their efficiency when caring
for a large volume of patients with a wide range of clini-
cal conditions. However, this fast-thinking heuristic can
also impede the adoption of new evidence-based clinical
practices (e.g., outpatient management of low-risk acute
PE). Furthermore, a fast-thinking heuristic may consti-
tute an important “blind spot” in the design of imple-
mentation strategies, as stakeholders are less likely to
recognize or emphasize this heuristic’s contribution to
decision-making as compared with other key barriers. As
such, one crucial barrier to changing ED clinician behav-
ior to improve discharge rates for low-risk PE patients is
the need to alter ED clinicians’ well-established heuristic
that associates an acute PE diagnosis with the need for
hospital admission. Therefore, implementation strategies
derived from behavioral economics (like pre-commit-
ment, which asks clinicians to commit to following evi-
dence-based practice, and point-of-care nudges, which
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provide just-in-time reminders when patients who can
benefit from new practices or care pathways present) are
promising implementation strategies to facilitate behav-
ior change in the face of these ED clinician heuristics.
This study aims to test the implementation outcomes
of a four-component intervention across twelve diverse
EDs in the state of Michigan. We will evaluate the imple-
mentation of the care pathways to better understand the
necessary components and test a strategy for scaling up
pathway implementation, and also assess key safety out-
comes to provide further evidence in support of outpa-
tient management for patients with low-risk acute PE.

Methods

Study overview, design, and aims

We will use a pragmatic, stepped wedge cluster-rand-
omized trial design to evaluate the implementation of a
four-component implementation program to improve
home-based treatment of low-risk acute PE for patients
in 12 participating EDs across Michigan. Each of these
EDs is an active participant in an ongoing quality
improvement collaborative, the Michigan Emergency
Department Improvement Collaborative (MEDIC). The
MEDIC program received support from Blue Cross Blue
Shield of Michigan to abstract data from the medical
record that can be used by clinical champions at each site
to engage in quality improvement.

To enhance the implementation of care pathways to
improve home-based treatment for low-risk acute PE, we
will utilize a process informed by implementation map-
ping to guide intervention tailoring at all 12 sites (Aim
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1). Subsequently, we will employ a stepped wedge cluster
randomized trial design to support sites in implement-
ing their tailored multi-component intervention plan.
Steps will include three sites at a time, with sites receiv-
ing six months of intensive implementation support and
a further 12 months of follow-up support. Data collection
will continue throughout the pre- and post-implemen-
tation periods. Consistent with a hybrid type III imple-
mentation-effectiveness study design, our primary and
secondary outcomes will assess the adoption and other
implementation outcomes informed by the RE-AIM
framework [9] (Aim 2), and exploratory analyses will
assess patient safety outcomes (Aim 3).

Intervention: The care pathway for low-risk PE patients

and associated implementation strategies

This work aims to implement care pathways for low-
risk PE patients at 12 sites across the state. This study is
informed by pilot work that established both (1) the key
components of the care pathway; and (2) a set of multi-
level implementation strategies necessary to integrate
that care pathway into the ED. Together, this care path-
way “bundle” was designed to target specific barriers at
the patient, provider, and site levels to the implementa-
tion of a safe and effective care pathway for low-risk PE
patients. Figure 1 summarizes the care pathway for low-
risk PE patients, including both the key pathway bundle
components (described in more detail below) and the ED
heuristics that these bundle strategies are targeting to
disrupt.

Before ED [ Clinician education with pre-commitment ]
Visit
Begins admit vs. L ) 1
- discharge —
55!,: O + decision-making ( S|28[38| Admit
o o i
I I A I 8 ﬁ a patient
— . Dol = Step 4
Step 1 Step 2 e d Step 3 ~o
. > ~
. Sa
During ED Positive i Discharge
Visit Patient in ED with Clinician evaluation, Patient undergoes ositive image patient
symptoms of PE orders imaging test imaging test test result sent to
clinician
—— . Meds-to-beds program
Clinician point-of- OR prescription
care nudge discount cards
After ED
Visit ( Rapid follow up )
(Ongoing)

Fig. 1 Current and home discharge care pathways for low-risk pulmonary embolism patients who present to the emergency department,
with the four components of the care pathway implementation bundle indicated in red-lined boxes
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Pilot work

Prior to this multi-site project, we engaged key stake-
holders at one academic medical center to understand
the ED clinician workflow and identify key barriers to
outpatient management of low risk acute PE. From these
qualitative interviews, we identified that ED clinicians
begin planning patient disposition (i.e., hospital admis-
sion versus home discharge) soon after their first clini-
cal assessment of the patient. We also identified general
familiarity with various acute PE risk tools, but a lack of
detailed knowledge in how to calculate acute PE risk and
the data supporting safe outpatient management. Fur-
thermore, the ED clinicians identified that reliable access
to anticoagulant medication and clinic follow up were
key barriers to managing patients in the outpatient set-
ting. We then assembled a multi-disciplinary stakeholder
group to select and tailor implementation strategies that
directly addressed each of these barriers. Over a 6-month
period, these strategies were implemented within a single
ED with broad stakeholder support and notable increase
in the use of outpatient management for patients with
low-risk acute PE.

Care pathway “bundle” components
The care pathway bundle includes four key components,
each designed to address one specific barrier to outpa-
tient management of acute PE (Table 1). The first two
strategies address the barriers that ED clinicians identi-
fied themselves. The second two strategies address key
barriers identified by the study team but not explicitely
stated by individual ED clincians and stakeholers.
Providers often expressed concerns about patients not
being able to receive timely access to medications and/or
necessary follow-up care. As such, two key elements of
the intervention are establishing programs for (1) facili-
tating immediate medication access; and (2) rapid patient
follow-up post-discharge.

o Facilitating Immediate Medication Access: To address
concerns about medication availability, sites imple-
menting the care pathway will need to implement
either a meds-to-beds program, wherein a pharma-
cist delivers anticoagulant medications to the patient
in the ED for ambulatory use (often a 30-day supply)
prior to discharge, or provide prescription drug cards
to ensure patients are able to access the necessary
medications, irrespective of financial status, access to
transport, etc.

o Rapid Follow-up Program: To ensure safe outcomes,
low-risk PE patients discharged to home should be
seen for follow-up by an outpatient provider within
seven to ten days of discharge. As part of the care
pathway, sites must ensure that rapid follow-up
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options are available and integrated into the dis-
charge process. The exact form of this follow-up care
can be tailored to site capabilities, with options for
providing this follow-up, including dedicated follow-
up clinics, clinician appointments, or telehealth fol-
low-up from nurses/pharmacists.

In addition to these pathway components that address
ED clinician-specified barriers, our pilot work also
revealed several implementation strategies that are likely
necessary to ensure high-fidelity, widespread adop-
tion and reach of the pathway that ED clinicians did not
explicitly specify. These include:

o Structured Education Program: Site-wide education,
ideally led by regional/national leaders in PE care, is
necessary to ensure that all providers engaging with
the pathway are aware of (1) what home manage-
ment of low-risk PE entails; (2) how best to estimate
acute PE risk and appropriateness for home-based
management (i.e., use of PE risk scores); and (3) the
safety data underlying the use of these pathways for
discharge to home.

o Clinician Pre-commitment and Point-of-care Nudge:
To disrupt the ED clinician’s fast thinking heuristic,
we recommend sites develop two complementary
strategies: first, following completion of the edu-
cational program, clinicians should “pre-commit”
to discharging patients, for example, by publically
agreeing to consider risk in determining whether
hospital admission is necessary, and discharge appro-
priate low-risk patients to home. Second, timeliness
of implementation strategies is key for maximizing
the broad adoption of an innovation such that deliv-
ery of a point-of-care nudge should be provided to
clinicians when they are making care decisions for
patients with PE, not after they have already made
a decision. Specifically, this means the delivery of a
point-of-care nudge to consider home-based care
management, if medically appropriate, before the
clinician is alerted to a positive computed tomogra-
phy (CT) finding since their fast-thinking heuristic
will immediately link that positive CT result with
the need for hospital admission. An alert at the time
a clinician enters an admission order, or even when
they enter the heparin anticoagulant order, may be
too late as the clinician has already “anchored” on an
admission disposition decision and is less likely to
change behavior.

o 'The preferred method for this point-of-care
nudge is to embed an acute PE risk score cal-
culator into the electronic health record. In our
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pilot work, this was accomplished by building a
calculator of the PESI into the Epic'" electronic
health record, as has been accomplished in
other settings [10].

Centralized implementation support offered by the study
team

To support our sites in implementing this new care
pathway, we will also offer centralized implementation
support, focused on scaling up training materials (high
quality versions of which can be challenging/resource
intensive to develop), helping site troubleshoot chal-
lenges that arise as they work through site-level imple-
mentation, and learning from other sites that are also
actively implementing the care pathway. Strategy selec-
tion was informed by use of a modified implementa-
tion mapping approach [11], wherein data on barriers
and facilitators was collected from our pilot site, change
objectives related to these barriers were then identified,
and a set of potential, appropriate implementation strat-
egies were selected, each linked to one or more change
objectives. From this set, we then selected an initial set
of implementation strategies that addressed the most
crucial barriers and were feasible. These strategies are
described briefly below and full, initial specifications [12]
are included in Fig. 2. Many of these strategies will utilize
the sites’ existing clinical champions who currently col-
laborate with other clinical champions from across the
state to implement evidence-based care strategies, such
as reducing unnecessary imaging and reducing hospitali-
zation for low-risk patients presenting with chest pain.
Four strategies specifically are key to our team’s work:

o Needs Assessment and Workflow Package Tailor-
ing: Study staff will conduct interviews with key site
members to ascertain needs and then work with site
members to tailor the care pathway to site capacity
and capability.
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o Structured Provider Eduation Program: We will offer

all participating sites and their care provider teams
educational sessions covering home management
of low-risk PE. Content and delivery modality will
be tailored to site needs and will be made available
through various modalities, including in-person/vir-
tual sessions and asynchronous materials. The Edu-
cational Program will cover the key elements of the
pathway and the safety data underlying home man-
agement of PE. It will also include site-specific details
about how to engage with the care pathway.

Building a Coalition to Support Implementation: The
study team will help the CQI champion identify and
convene key stakeholders for implementing the care
pathway at their site, including stakeholders related
to establishing rapid follow-up and medication
access, offering training opportunities for care teams,
and implementing electronic health record (EHR)
configuration.

Coaching for CQI Champion: To help the CQI cham-
pion address barriers identified during the needs
assessment and/or new barriers that emerge during
the implementation process, study staff (including a
clinical ED expert) will be available to meet with sites
on a biweekly basis to talk about progress and help
them strategize. This model of coaching is loosely
based on models of External Facilitation that have
proven successful for implementing other new care
pathways [13-15].

Facilitating External Peer Support: As an extension
to site-specific activities, study staff will also work
to facilitate communication between sites within a
particular step to encourage peer support and infor-
mation sharing, especially as it relates to addressing
common or similar barriers.

Technical Assistance, including Support for EHR
Builds: We will offer sites the option to transfer the
pilot site’s PESI calculator to their electronic health
record system (if they also use Epic®) or will provide

Nov | Mar | Jun Sep Dec | Mar | Jun Sep Dec | Mar | Jun
'23- | '24- | '24- | '24- | '24—- | '25- | '25—- | '25—- | '25— | 26— | '26—
Feb | May | Aug | Nov | Feb | May | Aug | Nov | Feb | May | Aug
‘24 24 24 24 ‘25 ‘25 ‘25 ‘25 ‘26 ‘26 ‘26
Group 1 Pre Impl Post M
Group 2 Pre Impl ‘ Post ‘ M
Group 3 Pre Impl ‘ Post ‘ M
Group 4 Pre | Impl | Post | M

Pre: Pre-implementation; Impl: Implementation; Post: Post-Implementation; M: Maintenance
Fig. 2 Stepped Wedge Design. Pre: Pre-implementation; Impl: Implementation; Post: Post-Implementation; M: Maintenance
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the underlying logic to facilitate the local build of a
similar calculator and alert in other EHR systems.

+ Data Audit and Feedback: Data on rates of discharge
of low-risk PE patients will be provided to sites on a
quarterly basis for purposes of monitoring progress
through the existing MEDIC data registry.

Study design

The centerpiece of our study is a 12-site cluster-rand-
omized stepped wedge trial evaluating the impact of the
implementation strategies on the implementation of the
care pathway, as well as the effectiveness of care path-
way “bundle” implementation on effectiveness outcomes.
Each site was considered a “participant.” The cluster-ran-
domized stepped wedge trial design involves random and
sequential crossover of clusters comprising three sites
apiece from usual care to implementation until all sites
receive the intervention. This design allows each site to
serve as its own control. We can use this design to assess
intervention effects and distinguish them from tempo-
ral trends. Continuous recruitment with short exposure
minimizes patient exposure to both intervention and
control conditions.

Site eligibility and recruitment
The study will be conducted across 12 centers participat-
ing in the MEDIC program [16, 17]. MEDIC comprises
over 50 hospital emergency departments, collectively
processing more than 2 million visits annually, involving
over 1200 emergency physicians. The MEDIC registry
records data from over 2500 patients with acute pulmo-
nary embolism (PE) each year. These sites encompass a
mix of urban and non-urban, as well as academic and
community settings, with more than half serving patient
populations with over 20% non-white demographics,
facilitating the study of implementation disparities.

A subset of MEDIC sites were identified as eligible for
participation in this trial. Specifically, sites were consid-
ered eligible to participate if:

1. They had an active MEDIC clinical champion who
could facilitate implementation activities;

2. They had an acute PE volume of >80 diagnoses in the
2022 calendar year.

All eligible sites were contacted by one of the study
leaders (CFG), an ED clinician, to confirm eligibility and
interest in study participation. Most sites were contacted
through their existing MEDIC clinical champion by
phone or email between January and May 2023. Of the 15
total sites that were contacted, 12 agreed to participate.
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Implementation mapping

Randomized sites in each step will proceed through
several implementation phases. During the first phase,
pre-implementation (three months), the study team will
work with each site’s CQI Champion to designate a pro-
ject leader (anticipated to most often be the current CQI
Champion) and relevant stakeholders (e.g., pharmacists,
social workers, administrators, information technology
experts) who will also comprise the stakeholder coali-
tion supporting implementation. The project leader and
key stakeholders will then be tasked with tailoring both
the care pathway components and study-provided imple-
mentation strategies to the local site needs. To inform
this tailoring, the study team will conduct a needs assess-
ment via semi-structured qualitative interviews with the
identified stakeholders. Data from these interviews will
be used to develop site-specific implementation mapping,
specifically by updating the list of previously established
determinants, identifying and/or tailoring specific care
pathway components (e.g., identify entity responsible for
rapid follow-up, tailor nudge modality), and assessing the
feasibility of planned implementation strategies and, if
needed, adapting specification (e.g., dosage or timing of
coaching, modality of educational modules).

All identified stakeholders or other site decision-mak-
ers will be contacted by email and/or phone to complete
an interview with the study team. To update imple-
mentation materials in a timely fashion, rapid qualita-
tive inquiry will be used to identify new barriers and
update the site-specific mapping of strategies to barriers.
Reports on identified barriers/facilitators and planned
implementation activities will be shared with each site.
The FRAME and FRAME-IS frameworks [18, 19] will
also be used to document modifications, including initial
planned modifications to centrally provided implementa-
tion support.

Evaluation of implementation and effectiveness outcomes
The full trial will roll out implementation support to 12
sites in four site groups, with each site advancing through
four study phases (Fig. 2). As described above, the initial
pre-implementation phase will focus on assessing site
needs, identifying stakeholders, and tailoring the care
pathway bundle to site needs. During the second phase,
implementation, we will support sites in implement-
ing the care pathway bundle, including implementing
the site-provided implementation strategies specified in
Fig. 2. The goal of this six-month phase is for sites to be
ready to “go live” with the care pathway prior to phase
end. This phase also comprises the most intensive study
team-provided implementation support, including deliv-
ery of educational modules to care teams towards the end



Smith et al. Inplementation Science Communications (2025) 6:33

of this phase. The third study phase is post-implementa-
tion, which will last 12 months. During this phase, sites
will continue to receive some support from the study
team, but the expectation is that the care pathway “bun-
dle” has been implemented and providers are beginning
to utilize it. Sites will also begin to receive data audits
from the study team during this time, showing their rates
of PE discharge and change over time. Finally, the fourth
phase will assess the maintenance of care pathway imple-
mentation and use. Given staggered study entry, time in
this phase will range from three months (Group 4) to
12 months (Group 1).

A Data Safety and Monitoring Board will be comprised
of three members who are free from competing interests
and the sponsor, who report to the institutional review
board with any findings of concern.

Randomization

Given interdependencies between certain sites (e.g., part
of the same health system, use of a single EHR), it was
not feasible to randomly assign individual sites to steps,
as is best practice in stepped wedge designs. To maxi-
mize independence between clusters but accommodate
these interdependencies, we created four groups of three
sites each (e.g., three sites belonging to the same health
system) and then randomized the order in which groups
would begin rollout. This pragmatic design strategy also
meant that we were not able to stratify rollout based
on key baseline data (e.g., ED volume of low-risk PE
patients).

Measures and outcomes

Outcomes

The RE-AIM implementation evaluation framework
guided outcome selection [9].

Adoption (primary outcome)

Our primary outcome will measure the change in the
proportion of all acute PE patients discharged from the
ED without hospitalization post-implementation vs.
pre-implementation.

Reach (secondary outcome)

For reach, we will examine the change in the proportion
of patients with acute PE who qualify as low-risk (defined
as Pulmonary Embolism Severity Index class I or II
[20]) that were discharged post-implementation vs. pre-
implementation. We will also examine demographic and
comorbidity characteristics of the discharged patients
(vs. not) to assess whether reach of the care pathway was
equitable or whether it introduced or exacerbated dispar-
ities in care.
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Implementation Fidelity (secondary outcome)
Fidelity will be defined as implementation of the care
bundle pathway components, including the site-provided
implementation strategies, as planned. As noted above,
FRAME [18] and FRAME-IS [19] will be used to docu-
ment planned and ad hoc modifications to both the care
pathway and implementation strategies (either site or
study team-delivered). We will also quantitatively assess
the level of implementation fidelity to the five care path-
way “bundle” components described above: (1) rapid fol-
low up; (2) medication access; (3) delivery of education;
(4) clinician pre-commitment; and (5) EHR nudge. Each
component will be rated by study staff using a scale of
0-3 (0 — not implemented; 1 — minimally implemented
or implemented with low fidelity; 2 — mostly [but not
completely] implemented or with minimal alterna-
tions affecting fidelity; 3 — fully implemented with high
fidelity).

Maintenance (secondary outcome).

Maintenance will be defined as trends in discharge of
PE patients following the completion of the 12-month
post-implementation period.

Effectiveness/Patient Safety (exploratory outcomes)

As well-implemented care pathways that discharge
appropriate PE patients should be just as safe, if not safer,
than care pathways that admit PE patients, effectiveness
of the care pathway will be assessed through an exami-
nation of three patient safety outcomes, all assessed at
30 days post-discharge: (1) return to the ED, (2) any
bleeding that leads to health care system interaction, and
(3) all-cause death.

Other measures

Organizational readiness for change

To assess baseline organizational difference in site
readiness for change, we will also assess organizational
readiness for change using the validated 20-item Organi-
zational Readiness for Change Assessment (ORCA)
during our pre-implementation meetings with the site
clinical champions [21]. All three domains (evidence
assessment, context assessment, and facilitation assess-
ment) will be included this assessment.

Data collection

In addition to the semi-structured interview data col-
lected during the pre-implementation phase for Aim 1
analyses (described above), two other sources of data will
be central to this evaluation. Clinical data and outcomes,
including for our primary outcome of care pathway adop-
tion, will be attained via the existing central MEDIC
registry. Study staff reports will inform evaluations of
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implementation fidelity and organizational readiness for
change.

MEDIC registry data

Data collection for the majority of our implementation
and clinical effectiveness outcomes will be obtained for
analysis through the existing central MEDIC Data Reg-
istry. All MEDIC sites, including the 12 study sites, cur-
rently contribute electronically extracted data into this
registry. This includes data from all ED visits with imag-
ing ordered to evaluate for possible acute PE (primarily
computed tomography [CT]). For our purposes, results
of the CT scan along with ICD-10 diagnosis codes (126)
will be used to identify a cohort of patients with acute PE.
Additional data collected for each case include key demo-
graphics, comorbidities, medications and other treat-
ments administered, and disposition data (i.e., hospital
admission, home discharge). These data undergo regular
audits by the MEDIC team (distinct from our study team)
to ensure data accuracy and completeness. Data on key
outcomes will be available from the pre-implementation
phase through the end of the maintenance phase (a mini-
mum of three months after the 12-month post-imple-
mentation phase).

Study team data

Organizational readiness for change

At baseline, study team members involved with the needs
assessment will collectively complete an ORCA evalu-
ation [21] on behalf of each site to assess differences in
perceived organizational readiness for change. One study
team member will provide an initial assessment and at
least one additional team member will evaluate ratings
for concordance and cross-site consistency in ratings.
Disagreements in ratings will be brought to the full study
team for final rating decisions.

Implementation fidelity
Study team members will be trained in using the FRAME
[18] and FRAME-IS [19] tools to report planned and ad-
hoc modifications to care pathway components, as well
as study-provided implementation support. Modifica-
tions will be tracked on both tools separately by site as
appropriate throughout the pre-implementation, imple-
mentation, and post-implementation phases, with modi-
fications queried with sites at least every three months.
Quantitative assessments of implementation fidelity
will be assessed by study staff at three time points: (1)
end of implementation period; (2) six months into the
post-implementation period; and (3) at the end of the
post-implementation period. While assessments at the
end of the implementation period will be considered pri-
mary for purposes of analyses, later assessments allow
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for reporting of sites that may achieve full or high-fidelity
implementation of key care pathway components after
the end of the implementation phase; they also allow for
a assessment of sites’ abilities to maintain care pathway
components. Study team assessments will follow the
same process as for the ORCA above, involving a mini-
mum of two central study team members that are actively
engaged in communication with sites as to implementa-
tion progress.

Analyses

Analyses will follow an intent-to-treat approach, encom-
passing all eligible patients presenting before and after
study participation at all sites. We anticipate an increase
in the mean proportion of acute PE patients discharged
without hospitalization from 12 to 25% across all sites.

Primary outcome

To assess changes in the proportion of patients with
acute PE discharged from the ED rather than admitted to
the hospital, we will employ mixed-effects logistic regres-
sion to analyze the data. The dependent variable will be
a patient-level measure of hospital discharge (binary
yes/no). The primary independent variables will be a
measure of pre-post implementation state, a time vari-
able, and a categorical variable of the group assignment.
We will include an interaction between the categorical
group assignment variable and the pre-post implemen-
tation state variable. Fixed effects covariates will include
key patient characteristics (e.g., age, sex, race/ethnicity,
insurance status, comorbidity score) and random effects
for the site. Individual sites will be included as a random
effects variable in the model. In the primary analysis, we
will exclude the 6-month implementation period in order
to best compare pre- vs. post-implementations states. In
an exploratory analysis, we will include a 3-phase analysis
of the pre-implementation, active implementation, and
post-implementation phases.

In a secondary analysis, we will also include data
from non-participating control sites. These sites will be
assigned to the pre-intervention state during the entire
time period. Any site that does not care for adult patients
(e.g., pediatric hospital) or patients with acute PE (e.g.,
psychiatric hospital) will be excluded from this analysis.

Fidelity-informed Adoption (exploratory measure)

To account for variations in fidelity to intervention com-
ponents across different EDs, we will conduct an explora-
tory analysis focusing on the degree of implementation
fidelity at an individual site level and the association with
adoption. This analysis will replicate the primary adop-
tion analysis but will also incorporate a categorical sum
of the five intervention components (range 0-12) from
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the implementation fidelity assessment. If an association
is found between the degree of intervention fidelity and
site-level adoption, then we will explore the four individ-
ual components of the intervention and their association
with the adoption outcome measure. These analyses will
shed light on the significance of individual intervention
components in driving outcomes.

Patient safety outcomes

These will be assessed among all patients with acute PE
managed without hospitalization. Specifically, we will
report the percent of patients who experience (1) return
to the ED, (2) any bleeding that leads to healthcare sys-
tem interaction, or (3) all-cause death within 30 days of
the ED visit. A Data Safety and Monitoring Board will
review safety data throughout the trial.

Sample size and power

Based on preliminary MEDIC registry data, we anticipate
approximately 580 acute PE patients per site over the trial
period, providing ample power for all outcomes. With
a complete cluster-randomized stepped-wedge design,
we'll have over 99% power to detect our hypothesized
increase in the proportion of acute PE patients managed
without hospitalization from 12 to 25%. Sensitivity analy-
ses will ensure robustness across different scenarios.

Discussion
This pragmatic, stepped-wedge implementation trial
aims to implement and evaluate a four-component inter-
vention to increase the use of evidence-based outpatient
management for patients presenting to the ED with a
low-risk acute PE. If shown to be effective, this trial will
provide a model for implementing similar strategies at
hospital ED’s across the US as well as provide a frame-
work for other implementation efforts in the ED setting.

This study represents a critical advancement in the
field of implementation science for acute PE manage-
ment by incorporating several innovative elements. First,
unlike previous efforts focusing primarily on effective-
ness outcome measures, this study deeply integrates
theory-informed implementation and de-implementa-
tion frameworks. To guide the implementation process,
this study pioneers the use of Implementation Mapping
[11] in the ED setting, offering a structured approach to
intervention development and tailoring. By applying this
approach across diverse sites, this study aims to estab-
lish a model for multi-site collaborative-based quality
improvement and implementation efforts broadly across
a wide range of clinical diagnoses and management
domains.

Second, this study directly addresses the heuris-
tics commonly used by ED clinicians in disposition

Page 11 of 13

decision-making. Through innovative strategies derived
from behavioral economics, such as pre-commitment
and point-of-care nudges, this study aims to facilitate
behavior change and improve the appropriateness of clin-
ical decision-making.

Two unique features of this study deserve further dis-
cussion. First, is the conduct of this implementation
trial within an existing quality improvement collabora-
tive. These networks often represent diverse health sys-
tems and have existing data collection infrastructure that
reduces the burden of data management for the research
team. In this case, the MEDIC collaborative has an ongo-
ing effort to optimize CT use for patients suspected of
having PE. As such, there is a culture of healthcare quality
improvement around the diagnosis of acute PE that facil-
itates interest and participation in this project. However,
no ongoing project within each of these centers addresses
hospitalization versus outpatient acute PE management,
minimizing potential contamination. Given that all
MEDIC sites are already collecting and contributing data
to the MEDIC data registry, no additional patient-level
data is required for participation in this stepped-wedge
implementation trial. Conducting implementation trials
within an independently funded collaborative reduces
costs for all involved parties: the primary research team
reduces infrastructure costs while the collaborative ben-
efits from rigorous implementation science research
provided by external funding (in this case, the National
Heart, Lung, and Blood Institute) that lowers the barri-
ers to practice change. This is a promising model for low-
cost/high-value implementation trials in the future.

The second unique feature of this study is the inno-
vative approach to measuring implementation fidelity.
While the FRAME and FRAME-IS tools [18, 19] are well
described in the implementation literature, few studies
have adopted a categorical assessment of implementa-
tion. The quantitative assessment of implementation
fidelity provided by these tools can be integrated into a
multivariable regression model to help identify which
adaptations may have a greater or lesser influence on key
outcome measures.

Our study has important limitations. First, while our
study includes 12 diverse hospital EDs across the state of
Michigan, these sites may not represent the entire diver-
sity of all hospital EDs in the US. Furthermore, practice
variation from state-to-state and between the US and
other countries may limit the generalizability of these
findings. Second, data collection will rely on the exist-
ing MEDIC collaborative data registry. While this data is
audited for accuracy and completeness, it does not have
robust post-ED data included. Our safety analysis will
focus on 30-day events using a data matching protocol
with Medicare, Medicaid, and private insurer claims data
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when available. However, not all patients will have com-
plete post-ED claims for these analyses.

In conclusion, innovative implementation strategies
are needed to change ED clinician behavior and increase
the use of evidence-based, guideline-recommended
outpatient management of low-risk acute PE. This
stepped-wedge trial will evaluate a four component inter-
vention across 12 diverse hospital EDs participating in
the MEDIC quality collaborative. If found to be effective
and broadly adopted, this multi-component implementa-
tion program will provide a framework for nation-wide
adoption of this high-value, evidence-based practice in
the United States.
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