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Abstract

Embedded pragmatic clinical trials (ePCTs) and quality improvement (QI) activities often occur
simultaneously within healthcare systems (HCSs). Embedded PCTs within HCSs are conducted to
test interventions and provide evidence that may impact public health, health system operations,
and quality of care. They are larger and more broadly generalizable than QI initiatives, and may
generate what is considered high-quality evidence for potential use in care and clinical practice
guidelines. QI initiatives often co-occur with ePCTs and address the same high-impact health
questions, and this co-occurrence may dilute or confound the ability to detect change as a result of
the ePCT intervention.

During the design, pilot, and conduct phases of the large-scale NIH Collaboratory Demonstration
ePCTs, many QI initiatives occurred at the same time within the HCSs. Although the challenges
varied across the projects, some common, generalizable strategies and solutions emerged, and we
share these as case studies.

Key lessons: Study teams often need to monitor, adapt, and respond to QI during design

and the course of the trial. Routine collaboration between ePCT researchers and health systems
stakeholders throughout the trial can help ensure research and QI are optimally aligned to support
high-quality patient-centered care.

Keywords
Quality improvement; Pragmatic clinical trials; Embedded research; Healthcare systems

1. Background

Many decisions made in healthcare are based on low-quality evidence from small

or observational studies.}:? Large-scale embedded pragmatic clinical trials (ePCTs) are
typically proposed when there is sufficient evidence from these studies andenough
uncertainty about the effects and value of implementing an intervention in everyday clinical
settings. Embedding PCTs within healthcare systems (HCSs) can maximize efficiencies

of conducting trials, support the potential adoption of promising results, help generate
high-quality evidence about important public health questions, integrate best practices
within health systems, and improve quality of care. Simultaneously within health systems,
ongoing quality improvement (QI) activities that implement smaller-scale interventions also
regularly emerge to address urgent public health issues in real time. Both ePCTs and QI
initiatives have the potential to improve health outcomes and promote high-quality, cost--
effective healthcare. The primary difference is that QI activities are designed to change local
processes and practice to achieve accepted standards of care, and ePCTs are designed to
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help determine the standards of care.3 The development and implementation of QI activities
within health systems during the course of ePCTs is a major challenge to their design,
methods, and assigned treatments. Therefore, such activities may threaten the ability to
glean reliable, broadly generalizable evidence from the ePCT.

2. Organizational context

Since 2013, the National Institute of Health’s (NIH) Health Care Systems Research
Collaboratory (Collaboratory) has supported over 15 large-scale, multi-site ePCTs that are
conducted in healthcare settings. Collaboratory ePCTs are typically conducted over four
years and use system infrastructure, such as staff, space, and data from electronic health
records (EHR), to implement trials and ascertain endpoints.# Important healthcare and public
health questions addressed by Collaboratory trials and described in this Case Report include
hospital-based infections, colorectal cancer screening, dialysis outcomes, alternatives to
opioid treatment for chronic pain, and multiple co-morbid condition management, among
others (Table 1). When developing the trials, study teams made adjustments to their trial
design to accommodate QI activities co-occurring in the health system. During the conduct
of these trials, study teams noted changes to both usual care control arms and intervention
arms as a result of temporal changes in practice, particularly those due to QI initiatives
within the HCS. This article uses case examples from the Collaboratory to illustrate
challenges and provide strategies for the pilot phase, design, recruitment, site selection,
conduct, and analysis phases of ePCTs.

3. Problems and solutions

The Collaboratory ePCTs are in various phases—some are currently being designed,
launched, or conducted; some are in the data analysis phase; and others have been
completed. During the design, pilot, and conduct phases of these trials, a multitude of QI
initiatives created different challenges across a number of the HCSs involved in the trials
(Fig. 1). The following examples describe the strategies and solutions used to counter the
challenges; from these examples, we further develop common, generalizable strategies and
recommendations for future ePCTs.

4. Design

4.1. Challenge: Many pragmatic trials take a long time to complete, and for urgent public
health questions, there will be important competing QI activities

4.1.1. Case example: Pragmatic Trial of User-centered Clinical Decision
Support to Implement Emergency Department-initiated Buprenorphine for
Opioid Use Disorder (EMBED)—Because opioid use disorder is a national public
health crisis and progress against opioid-related morbidity and mortality is sorely needed,
the study team embraced QI activities at study sites as essential (and inevitable). To
ameliorate the potential confounding effects of these QI activities with the ePCT, in

the planning phase the study team (1) changed the design from a stepped-wedge to a
group-randomized trial to shorten the duration of the trial, thereby decreasing the impact
on temporal trends from emerging QI activities, (2) balanced QI activities across sites
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with constrained randomization, and (3) planned to track specific QI initiatives by site to
determine their effect on the primary outcome. The study team felt that these pragmatic
approaches might increase the generalizability of the findings given the allowances for
real-world QI co-occurring with the trial.

5. Pilot phase

5.1. Challenge: Sites might adopt or modify the trial intervention before an ePCT is
complete based on promising groundwork accomplished during the pilot phase

5.1.1. Case examples: Pragmatic Trial of Population-based Programs to
Prevent Suicide Attempt (SPOT)—During the pilot phase of the trial, HCS leaders

at one site began developing tools and workflows to support the integration of mental
healthcare into routine primary care as part of a system-wide QI initiative. These leaders
adapted a version of the suicide risk assessment tool the research team had used in the pilot
phase for SPOT to monitor patients assigned to the care management intervention arm of the
trial. At the same time, the leaders adapted the assessment tool to help ensure primary care
patients who screened positive for frequent suicidal ideation received appropriate follow-up
care. After trial randomization had begun, the study team collaborated with health system
leaders and shared experiences to improve integration of the assessment tool into the EHR
and standard primary care workflows. Patient-level randomization planned at the time of
grant submission provided protection against temporal biases introduced by this QI initiative
that may have been introduced had the team chosen randomization at the provider or clinic
level (a common design for ePCTSs).

5.1.2. Lumbar Imaging with Reporting of Epidemiology (LIRE)—During the
pilot phase, one of the four HCSs independently implemented a QI intervention similar

to the LIRE intervention (i.e., epidemiological benchmark text representing the normal range
in imaging reports) in the hopes of decreasing inappropriate spine care. After the study team
had discussions with local radiology leadership, the site agreed to remove the text from

their radiology reports so as not to confound the trial. The stepped-wedge design of the trial
facilitated the discussions with site leadership as all of the participating clinics would have
the intervention text in the radiology reports by the trial’s conclusion.

6. Recruitment of participants

6.1. Challenge: QI activities during recruitment of an ePCT can create confusion among
participants and clinicians

6.1.1. Case example: Pain Program for Active Coping and Training (PPACT)
—The study team needed to be aware of, coordinate, and measure QI activities that
included both 1) opioid therapy tapering- and safe use-related QI efforts, which did not
directly compete with their intervention, and 2) nonpharmaco-therapy for chronic pain as
an alternative for opioids, which did directly compete with the intervention. However, the
simultaneous QI efforts that appeared similar to the PPACT intervention caused unexpected
confusion for both frontline clinicians and potential participants who were concerned that
their chronic opioid treatment might be reduced or eliminated. To counter this, at one of the

Healthc (Amst). Author manuscript; available in PMC 2022 March 07.


https://rethinkingclinicaltrials.org/demonstration-projects/uh3-project-collaborative-care-for-chronic-pain-in-primary-care-ppact/

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Tuzzio et al. Page 5

participating HCSs, the investigators intensified orientation efforts to ensure that potential
participants fully understood their care options and how the trial offerings fit into the broader
array of pain-related services in the healthcare system.

7. Site selection

7.1. Challenge: Health systems that are early adopters of evidence are quick to change
practice and have many QI activities. Late adopters may be slow to implement evidence
into care and to implement research interventions

7.1.1. Case examples: Primary Palliative Care for Emergency Medicine
(PRIM-ER; enrolled early adopters)—The research team targeted collaboration with
early adopter emergency departments that were beginning to prioritize palliative care
initiatives and had physician and nurse champions. While including motivated sites helps
with implementing a complex intervention, these will likely be implementing other related
programs, which may in turn impact the same outcomes of the trial. The research team
designed an analysis plan that will account for this. Specifically, they will monitor QI
initiatives at the site level and plan to negotiate with clinical leadership to delay or replace
palliative initiatives with PRIM-ER activities. Through ongoing tracking, the goal is to
support and encourage local QI while ensuring the outcomes of the trial are a result of the
intervention and not parallel programs.

7.1.2. Time to Reduce Mortality in End-stage Renal Disease Trial (TiME;
enrolled late adopters)—The TiME trial set out to test a longer dialysis session duration
(4.25 hours) versus usual care (non-trial directed session duration). During facility selection,
it was apparent that hemodialysis session durations were already increasing at many
facilities operated by the dialysis provider organizations, likely in response to observational
studies demonstrating associations between longer session durations and improved patient
survival. Because this practice change was expected to decrease the difference in session
durations between the intervention and usual care facilities, the study team decided to
restrict enrollment to “late-adopter” facilities that had not already implemented longer
session durations. While this approach addressed one problem, it had the unintended effect
of enriching the trial for facilities that had less enthusiasm to change to practice in the
absence of rigorous evidence of benefit, and thus, less willingness to broadly adopt the
TiME intervention as routine care during the conduct of the trial.

7.1.3. Strategies and Opportunities to Stop Colon Cancer in Priority
Populations (STOP CRC; enrolled mix of early and late adopters)—Whether or
not a Federally Qualified Health Center (FQHC) was an early or late adopter to innovations
in care was not part of STOP CRC’s selection criteria, although there were distinct
differences between the FQHCs. For example, some clinics assigned to usual care did not
want to wait to start the intervention because waiting raised some ethical and participatory
issues (not wanting to offer differing care across clinics in their centers), so they were more
likely to give out FIT Kits at routine clinic visits than they might have been had they not been
part of the study. Conversely, some sites in the intervention arm were slow to mail the FIT
kits. Implementation success varied across intervention clinics, ranging from 21% to 82%, in
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lagged data. Although STOP CRC enrolled a mix of early and late adopter FQHCs—which
had the effect of diluting the ability to detect changes due to the STOP CRC intervention,
thereby decreasing the overall intervention effectiveness—the active intervention was still
significantly more effective than usual care. In the per protocol analysis, intervention effect
was similar to smaller trials implemented in research settings, highlighting the need to
carefully design the analysis plan up front to account for these differences.

8. Conduct and analysis

8.1. Challenge: different health systems participating in the same ePCT could have varied
implementation of both QI activities and the intervention during the conduct of the trial

8.1.1. Case example: Improving Chronic Disease Management with Pieces
(ICD-Pieces)—All the participating health systems conducted different QI initiatives that
overlapped with key components of ICD-Pieces, including the intervention, and could
potentially affect the conduct and analysis of the trial. For example, one health system

has implemented initiatives to promote better blood pressure control and measurement

of Hemoglobin Alc. Another has patient-facing education materials for CKD. A third
health system has eGFR prompts to trigger further consideration for blood pressure and
lipid control medication use. The fourth system aligned provider incentives with best care
practices for diabetes control. The study team continues to monitor the QI activities at
each HCS for possible conflict or influence with ICD-Pieces in the intervention and control
groups.

8.2. Challenge: Competing QI initiatives may impact the ability to measure the primary

outcome

8.2.1. Case examples: Active Bathing to Eliminate (ABATE) Infection study
—Because hospitals routinely implement new QI interventions and infection prevention

is often a target of these QI strategies, the study team needed to have a process for
monitoring and addressing potential conflicting QI initiatives that participating hospitals
might pursue during the ePCT. As a requirement of participation in ABATE, infection
prevention strategies were required to be stable in the baseline year preceding the trial and
during the intervention period. Hospitals in both arms were required to report any new QI
or other interventions that were being considered or launched during the trial. Reminders for
reporting were provided during monthly coaching calls, and early reporting was encouraged
when QI strategies were in the planning stage. All reported QI initiatives were assessed
weekly by the trial’s Steering Committee. Hospitals that reported a competing intervention
based upon the Steering Committee’s concern for a meaningful effect that could conflict
with trial outcomes were asked to delay the QI initiatives until the trial was over, or to

drop from the trial. During the 21-month trial, 196 QI interventions were reported to the
Steering Committee, with 67 (34%) deemed to directly compete with trial outcomes. Three
sites dropped from the trial (two in the control group and one in the intervention group) to
pursue a competing intervention. Data from these sites were included in the as-randomized
trial analysis, but were removed from the as-treated analysis from the time of drop-out.
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8.2.2. Guiding Good Choices for Health (GGC4H)—With increasing integration of
behavioral healthcare in pediatric primary care settings, parents and adolescents may be
exposed during the 4-year GGC4H ePCT to parenting and behavioral health interventions
other than Guiding Good Choices (GGC), implemented as part of QI initiatives. These
initiatives are unlikely to be offered uniformly across clinics whether or not in the
intervention or control arms, raising the possibility that GGC’s impact will be dampened,
confounded, or both. The study team has developed several mechanisms to deal with this
possibility. First, the team has adopted a theoretical framework-driven implementation
monitoring system to record QI initiatives and other external and internal activities

that could potentially impact GGC, as they occur throughout the trial. Data collected
prospectively will help researchers identify and respond to challenges that arise and
interpret findings at the end of the trial. Second, the adolescent behavioral health survey,
administered to adolescents annually, will include questions about other behavioral health
service utilization. Third, the study team includes pediatricians and embedded research
teams with strong working relationships and regular communication with clinic, pediatrics,
and adolescent medicine leaders. These relationships can be leveraged to understand QI
activities and their motivation, and, though less likely, to influence QI implementation to
avoid negative impacts on ePCT results.

8.2.3. Personalized Patient Data and Behavioral Nudges to Improve
Adherence to Chronic Cardiovascular Medications (Nudge)—Nudge will provide
text message reminders for patients with chronic cardiovascular disease to refill their
medications. Concurrent with the study, two of the health systems implemented a medication
adherence tool within the EHR where clinicians can see the refill adherence of patients. In
addition, at some retail pharmacies where patients fill their medications, there are existing
text message reminders sent to patients. The study is monitoring these concurrent QI
processes, which should be considered co-interventions. In the analysis, the study team

will consider these patients as an important subgroup in the assessment of the effect of

the intervention. They will be able to determine whether patients exclusively obtain their
medications within the health system pharmacy and/or through retail pharmacies. The study
team also plans to assess the effect of the intervention overall as well as within the subgroup
of patients who obtain medications via retail pharmacies.

8.3. Unresolved questions and lessons from the field: recommendations for researchers
and QI and health system stakeholders

Researchers conducting ePCTs within HCSs have an ethical obligation to give patients the
best care possible, and one way to ensure that care is evidence-based and high quality is to
test interventions through an ePCT. This evidence can be used to drive broad improvements
across many HCSs, change reimbursement policies, or introduce legislation to help improve
the care on a population level. Many QI activities, although they tend to be smaller in scale,
generally have the same goals as ePCTs. However, some QI activities may, as described
above, impact an ePCT (Fig. 1): they may create confusion among participating patients,
clinicians and staff; be implemented differently (or not at all) across the various systems;
impact health systems differently depending on local workflows and priorities; directly
compete with the conduct of the trial and intervention fidelity; increase demands on patients,
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staff, and resources; sway general opinion; and potentially confound the results of a trial.
Solutions to challenges created by QI activities will vary depending on the nature of the trial,
challenges, and health systems in which the trials are conducted.

It is important for the researcher to understand that HCS participation in ePCTs is voluntary,
and “ongoing commitment, shared vision, a willingness to understand and accommodate
different priorities” is critical.13 Leaders of HCS participate for a variety of reasons,
including that evidence generation is for the greater good, research is in keeping with

the mission of the HCS, as a market differentiator, as part of performance improvement
initiatives, and to gain early access to new knowledge and best practices.}4 Based on
experiences of these ePCTs, Pls, HCS leaders, and other members of the Collaboratory

have developed these recommendations to provide future researchers with a roadmap to
overcoming the challenges with co-occurring QI initiatives during an ePCT, and for ensuring
optimal patient care while preserving the ability to answer important health questions.

1 Collaborate with HCS stakeholders in the design stage of the trial and
in the decision-making process. Continue this involvement through each
phase of the research to ensure synergy and, where possible, minimize
competing interventions that might confound the analysis or contaminate the
results. In addition, understanding the landscape of concomitant competing
interventions may be an important part of understanding the context of trial
findings. Understanding the interaction between QI activities and implementation
strategies provides guidance for selection of effective strategies to test in real-
world settings.

2. Understand the factors that motivate HCSs to undertake QI activities. A map may
be helpful to illustrate relationships among involved health system leaders, their
motivations, and the multiple internal and external factors that are associated
with the motivators, such as changing policy, changing payor requirements,
and other possible constraints and considerations. There are formal ways of
developing relationship maps, such as mapping decision makers and influencers
or force field analyses used in the social sciences.1®> Frameworks such as the
Consolidated Framework for Implementation Research (CFIR) can also be useful
in mapping the program/intervention to be evaluated, and individual, internal,
and external drivers and barriers.16:17 As an example, policy changes that
incentivize health plans or clinics to achieve targets could motivate new QI
activities and cause health system leaders to be reluctant to deliver inconsistent
care across their clinics. Thus, they may introduce alternative QI initiatives
across usual care sites so all sites are similar. As another example, in the
case of FQHCs, a QI activity might be directly linked to the funding stream
that established QI priorities. If researchers understand the genesis of potential
tensions, they will be better able to find a solution that meets the priorities of the
HCS without compromising the outcomes of the ePCT.

3. When ePCTs are embedded in HCSs where QI initiatives are common, trial
investigators should establish a reporting and monitoring system to identify
and address conflicting interventions. Systematic monitoring of all influences
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that could affect the implementation of an intervention include relevant health
system QI initiatives, organizational changes, as well as policy changes and
environmental factors that could affect adoption and implementation of the
intervention. This is best accomplished by partnering with personnel responsible
for local QI initiatives and health system leaders and by collaborating to develop
a mechanism for reporting the potentially competing initiatives. Knowledge

of and response to conflicting interventions is critical to ensure that the
interpretation of trial results is valid. The possibility that sites may need to drop
out of the trial due to competing interventions should be accounted for in trial
power calculations, and potential biases introduced by such drop-out should be
considered.

4 HCS stakeholders may need to be asked to delay implementing a competing
Ql initiative during an ongoing trial. As mentioned above, a strong durable
partnership based on trust, ongoing commitment, and continuous communication
is critical for this type of conversation. QI activities are typically initiated to
address a need, and therefore, examining how (and if) the results of the ePCT
will address this need both locally and in a broader more generalizable context
are important aspects of the ongoing conversation. The success of requests to
delay QI activities will be related to the importance of the ePCT question to
participating sites and HCS leaders. Before making a request, researchers should
consider whether the competing initiative is considered best-practice by national
standards, as nationally accepted changes to best practice may need to be equally
implemented across all participating arms during the course of the trial. The
trial investigators should ensure equal opportunity and encouragement for such
changes; training can be implemented to ensure the activities are implemented
equally across all sites.

5. Ensure that statistical experts involved with the analyses are aware of QI
initiatives (or plans for initiatives), so they can recommend appropriate actions
and ideally, protect the validity of ePCT results. For example, investigators
could consider ways to shorten the timeline both during the trial planning and
trial conduct phases (e.g., stepped-wedge vs grouped cluster designs; larger
sample size vs longer follow-up for outcome event accrual) in case systems
are motivated to implement either a competing QI activity and/or the research
intervention across the HCS.

6. Developing clear communication between the study team and the staff
implementing the ePCT intervention before, during, and after implementation
within the HCS is critical to success. This includes communicating results in
a user-friendly way that can be used by health system stakeholders to make
decisions about intervention adoption.

7. Assess the value of the ePCT intervention in the midst of all other QI initiatives
and demands on the provider and HCS. This “value” can be considered
through the lens of multiple stakeholders, including patients (improved care
and outcomes), clinicians (streamlined workflow and processes), and healthcare
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systems (higher quality care and lower costs). Adoption will more likely occur if
the intervention is relevant to multiple stakeholders, such as an improvement that
will save the provider time, be patient-centered, and decrease overall costs for the
HCS.

9. Conclusions

Funding

Health systems are complex, dynamic and constantly evolving. QI implementation within
HCSs will continue and, therefore, continue to be a challenge for conducting ePCTs within
HCSs. Elucidating an experimental effect in an ePCT can be challenging even without
co-occurring or competing QI initiatives. In general, because the interventions in pragmatic
trials are designed for heterogenous settings that change over time, QI activities might lead
to a dilution of the potential impact of the intervention. This might make it more likely that
a pragmatic trial will have a negative, diminished, or inconclusive result compared with an
explanatory trial. This happened in several of the NIH Collaboratory trials.

Although there is an ethical imperative to protect the integrity of the trial for the
development of much needed evidence, there is also a primary obligation to protect the
well-being of participants and provide high-quality care.18 For ePCTs to be rigorous,

study teams must monitor, adapt, and respond to QI during the design and the trial
implementation. Both ePCTs and QI happen within the same context and aim to improve
patient care, they are inherently interconnected. Indeed, the distinction between QI activities
and ePCTs is arguably fuzzy.1® As we transition from a construct where research is
conducted separately from healthcare to one where research is a part of continuous learning,
as in a learning healthcare system,2% we expect to find more synergy between QI and
research and more robust partnerships and collaboration among those responsible for

Ql, healthcare, and research. Therefore, routine collaboration between ePCT researchers
and HCS stakeholders are critically important for optimally aligning research with QI to
support high-quality patient-centered care. Ideally, ePCTs should adapt to best practice
changes so that the comparator is always compared to best practice (e.g., preventing out-of-
date results at publication). Therefore, in addition to avoiding unnecessary conflicting QI
interventions, ePCTs also need to embrace best practice change so that the trial intervention
is implemented against a background or comparator of best practice.

Research reported in this publication was supported within the National Institutes of Health (NIH) Health

Care Systems Research Collaboratory by cooperative agreements UH3CA188640 from the National Cancer
Institute; UH3AT009844 and UH3AT009838 from the National Center for Complementary and Integrative Health;
UH3HL144163 from the National Heart, Lung, and Blood Institute; UH3A1113337 from the National Institute

of Allergy and Infectious Diseases; UH3AR066795 from the National Institute of Arthritis and Musculoskeletal
and Skin Diseases; UH3DK104655 and UH3DK 102384 from the National Institute of Diabetes and Digestive

and Kidney Diseases; UH3MHO007755 from the National Institute of Mental Health; UH3NS088731 from the
National Institute of Neurological Disorders and Stroke; UH3AG060626 from the National Institute on Aging; and
UH3DA047003 from the National Institute on Drug Abuse. Support was also provided by the NIH Common Fund
through cooperative agreement U24AT009676 from the Office of Strategic Coordination within the Office of the
NIH Director. The content is solely the responsibility of the authors and does not necessarily represent the official
views of the National Institutes of Health.

Healthc (Amst). Author manuscript; available in PMC 2022 March 07.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Tuzzio et al.

Page 11

References

1. Tricoci P, Allen JM, Kramer JM, Califf RM, Smith SC Jr. Scientific evidence underlying
the ACC/AHA clinical practice guidelines. J Am Med Assoc. 2009;301: 831-841. 10.1001/
jama.2009.205.

2. Califf RM, Robb MA, Bindman AB, et al. Transforming evidence generation to support health and
health care decisions. N Engl J Med. 2016;375:2395-2400. 10.1056/NEJMsb1610128. [PubMed:
27974039]

3. Finkelstein JA, Brickman AL, Capron A, et al. Oversight on the borderline: quality improvement

and pragmatic research. Clin Trials. 2015;12:457-466. 10.1177/1740774515597682. [PubMed:
26374685]

4. Weinfurt KP, Hernandez AF, Coronado GD, et al. Pragmatic clinical trials embedded in healthcare
systems: generalizable lessons from the NIH Collaboratory. BMC Med Res Methodol. 2017;17:144.
10.1186/s12874-017-0420-7. [PubMed: 28923013]

5. Huang SS, Septimus E, Kleinman K, et al. Chlorhexidine versus routine bathing to prevent
multidrug-resistant organisms and all-cause bloodstream infections in general medical and surgical
units (ABATE Infection trial): a cluster-randomised trial. Lancet. 2019;393:1205-1215. 10.1016/
S0140-6736(18)32593-5. [PubMed: 30850112]

6. Jarvik JG, Comstock BA, James KT, et al. Lumbar Imaging with Reporting of Epidemiology
(LIRE)-Protocol for a pragmatic cluster randomized trial. Contemp Clin Trials. 2015. 10.1016/
j.cct.2015.10.003.

7. Debar LL, Kindler L, Keefe FJ, et al. A primary care-based interdisciplinary team approach to
the treatment of chronic pain utilizing a pragmatic clinical trials framework. Transl Behav Med.
2012;2:523-530. 10.1007/s13142-012-0163-2. [PubMed: 23440672]

8. Simon GE, Beck A, Rossom R, et al. Population-based outreach versus care as usual to prevent
suicide attempt: study protocol for a randomized controlled trial. Trials. 2016;17:452. 10.1186/
$13063-016-1566-z. [PubMed: 27634417]

9. Melnick ER, Jeffery MM, Dziura JD, et al. User-centred clinical decision support to implement
emergency department-initiated buprenorphine for opioid use disorder: protocol for the pragmatic
group randomised EMBED trial. BMJ Open. 2019;9, e028488. 10.1136/bmjopen-2018-028488.

10. Grudzen CR, Brody AA, Chung FR, et al. Primary palliative care for emergency medicine (PRIM-
ER): protocol for a pragmatic, cluster-randomised, stepped wedge design to test the effectiveness
of primary palliative care education, training and technical support for emergency medicine. BMJ
Open. 2019;9, e030099. 10.1136/bmjopen-2019-030099.

11. Coronado GD, Petrik AF, Vollmer WM, et al. Effectiveness of a mailed colorectal cancer screening
outreach program in community health clinics: the STOP CRC cluster randomized clinical trial.
JAMA Intern Med. 2018;178:1174. 10.1001/jamainternmed.2018.3629. [PubMed: 30083752]

12. Dember LM, Lacson E, Brunelli SM, et al. The TiME trial: a fully embedded, cluster-randomized,
pragmatic trial of hemodialysis session duration. J Am Soc Nephrol. 2019;30:890-903. 10.1681/
ASN.2018090945. [PubMed: 31000566]

13. Sands K, Platt R, Perlin JB. Real world advice for generating real world evidence. NEJM Catalyst;
2019. Accessed July 29, 2020 10.1056/CAT.19.0621.

14. Sands K, Platt R, Perlin J, Hernandez A. Advice from healthcare system leadership. In: The Living
Textbook. NIH Collaboratory; 2017.

15. Lewin K Defining the “field at a given time.”. Psychol Rev. 1943;50:292-310. 10.1037/h0062738.

16. Keith RE, Crosson JC, O’Malley AS, Cromp D, Taylor EF. Using the Consolidated Framework
for Implementation Research (CFIR) to produce actionable findings: a rapid-cycle evaluation
approach to improving implementation. Implement Sci. 2017; 12:15. 10.1186/s13012-017-0550-7.
[PubMed: 28187747]

17. Kirk MA, Kelley C, Yankey N, Birken SA, Abadie B, Damschroder L. A systematic review of
the use of the consolidated framework for implementation research. Implement Sci. 2016;11:72.
10.1186/s13012-016-0437-z. [PubMed: 27189233]

Healthc (Amst). Author manuscript; available in PMC 2022 March 07.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Tuzzio et al.

Page 12

18. Cohen MS, McCauley M, Sugarman J. Establishing HIV treatment as prevention in the HIV
Prevention Trials Network 052 randomized trial: an ethical odyssey. Clin Trials: J Soc Clin Trials.
2012;9:340-347. 10.1177/1740774512443594.

19. Faden RR, Kass NE, Goodman SN, Pronovost P, Tunis S, Beauchamp TL. An ethics framework
for a learning health care system: a departure from traditional research ethics and clinical ethics.
Hastings Cent Rep. 2013:516-S27. 10.1002/hast.134. Spec No. [PubMed: 23315888]

20. Smith M, Saunders R, Stuckhardt L, McGinnis JM, eds. Committee on the Learning Health Care
System in America; Institute of Medicine Best Care At Lower Cost: The Path To Continuously
Learning Health Care In America. Washington (DC): National Academies Press (US); 2013, 978—
0-309-26073-2.

Healthc (Amst). Author manuscript; available in PMC 2022 March 07.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Tuzzio et al.

Pilot Phase

Site Selection

Conduct/Analysis

Fig. 1.

ePCTs take a long time to complete, and for urgent public health
questions, there will be important competing and time-sensitive
Ql activities.

Sites might adopt or modify the intervention early based on
promising groundwork accomplished during the pilot phase.

QI activities during trial recruitment can create confusion among
participants and clinicians.

Early evidence adopters are quick to change practice and have
many QI activities. Late adopters may be slow to implement
evidence into care and to implement research interventions.

— Health systems within same ePCT could have varied
implementation of Ql activities and the intervention

— Competing Ql initiatives may impact the ability to measure
the primary outcome.

Challenges that arose from QI activities by phase of the ePCT.

Healthc (Amst). Author manuscript; available in PMC 2022 March 07.

Page 13



Page 14

Tuzzio et al.

SaIIAIOR
1O UBLINDUOD JejIWIs
Auew :aseyd 10npuo)

syuedionued

lenuajod pue suelduld
10} UOISNJUOD pasned
suoys 1O snosueynwis
zaseyd juswiinIdey

UonUBAJIRIUI JefIluIs
40 youne :aseyd 10]1d

SUOIUBAIBIUI
Buiddeyiano aleyip
Auepy :aseyd 1onpuod

SUOIUBAIBIUI
Jejiwis 03 aunsodxa oy
lenusiod :aseyd 10npuod

suonuaniaiul Bunadwod Joy
lenusiod :aseyd 10npuod

1001eY2 pUE Sabpnu [eloiAeyaq

UM s1apulwial abessawl 1xa} Jo ‘sabpnu
|eJOIN_YS] UM SIapulwal abessaw
X3} ‘siapulwal afiessal 1xal o1lauah
SA (Slapulwal abessaw 1xa) ou) aJed
[ensn 0} UOIIeZIWOPUES [9A8]-Judlied

suonuaniaul [ealbojoyaAsd

pue Adeay) [eaisAyd Buipnjoul
‘suofuanialul [es1bojodeweyd-uou
aA18931 0] Japinoad ares

Arewnd Aqg paziwopuel Jaisn|D

suodal BuiBew suids sunnou ul eyep
MJewiyouaq [eaibojoiwapida Bunasul
10 [ew} paziwopuel abpam-paddals v

S10¥eN|108)
aonoe.d pue uoddns uolsioap [ealul]d
Aq pajen|ioey st yolym ‘ssaald

-d91 aA1231 0} paziwopuel dnolo

"SJuddss|ope
BunoA jo syuared 104 uonuanisul
aouepinb Aiojedionue aanuanald paseq
-90UBPINS UOISSAS-G © ‘S3210yD Po0D)
Buiping paiayo aq [11m suelolrelpad
WJe UonuaAIBuL Yim pajauedwa

aJe SJUBIS|Ope SOYM Sjualed ‘|ang)
ueroLeIpad syl Je UolezIWopues

YN [eLI} paziWwopuel-1aisn|D)

2Jed aunNoJ 0} pasedwod

(W'SHIN) snaine snasoaojfydels
welsisal-ul|o1ysw buriogley sjusired
10§ JUBWIUIO D130IQIIUE [BSBU pue
syuaned |[e Joj Buiyreq andasnue

Atep Jo [el} paziwopuel-191sn|)

(swuanred 0005~ ‘UiesH
Januaq ‘walsAs aued YijeaH opelojod
wig1ses WA ‘YiesHIN) SSOH 831y

(swaned
lemeH pue ‘e161099) 1SaMULION)
SSOH 81usUBWIA JasIe] 8aly |

008~

(swuanred 000052~ ‘s

86 ‘WaISAS YieaH plo4 AlusH ‘walsAs
UreaH o1u1D oAeA ‘uoiBulyse
dlusuewWIdd Jasied ‘elulojied uisyuoN
8lUsUBRWIAd J3sIed) SSOH JnoH

(suaned 000‘TT~ suerdisAyd
1[e8H0Id pu® $80IN0SaY YijeaH Sexal
‘sexa] UHON WA ‘WalsAS [endsoH

pue yiesH puepiled) SSOH Jno4

(sa1piurey 009~

‘eluJojI[eD UJayMON alusuewad Jasiey
‘0peI0]0D BlUBUBWIAY JasIed ‘WaIsAS
UieaH piod AlusH) SSOH 84y L

(pouiad uonuanlsul ayy
u1 syuaned 000'0FE~ ‘SHUN aJed [0
-Uou 6T) sfeNdsoy a1eaupeaH YOH €5

aIed
lensn s (uoire|juqy elye pue eiwspidijiadAy
‘uoisuapadAy ‘seraqelp ‘aseasip Alsle Aleuolod)
$9SRasIp JejnaseAolples yim siuaned Buouwre
92uaJaype |[1ya1 uonedlpaw anoidwi o

,SwialsAs yapeay sauyy ul Bumes

ased Arewad ayy ul Juswieal 0} a|qeusWe S10joe}
Aynuapi pue ‘suolyeaipaw proido Jo asn Jwi|
‘ured 21U01YD 10} S||1¥S JusWwabeuew-}|as 1dope
syuaned Buidjay Jo uyauaq jenuslod sy ssasse 0

g'sa11abuns pue suonduosaid

proido ‘suonoafur ‘Bunsal onsoubelp se

ONs SUONUBAJS)UI 848D U3[eay asealdap
pinom ‘Buibew onsoubelp 1oy sanjeA [ewlou
Alrenuassa ale yreym Buipinoid ‘uonuaasul
anIsuadxaul pue ajdwis e Jey) ajelisuowap ol

"21ed [edIpaW plepuels
Buiniadal syuaned ueyl syyesp pue sjusnd
J1e|NISeAOIPJRD ‘SUOISSILWIPEal ‘suoliezijendsoy
Jamay aAeY [|IM siolel|19e) 8onoe.d pue (sedsld)
ABojouyda) uolyewolul |9A0U Ag paduByuUS a4ed
A[e10adsqns-ased Arewiid Jo [apow anlRIoqR||0d
B UJIM 318D 8A1828) OYM UOISUaLIadAy pue
‘sajaqeIp {(aMD) aseasip Asupiy 91U0Iyd

Unm sjusized Jey siseodAy ayp isel oL

"yieay [eloineyaq Buinoidwi

pue uoIIeRIUI 3SN 30UBISONS JU32s3jope Bulonpal
U1 SS3UBAIIBYA S) 91en|eAs pue sBuines ased
Arewnd ougeipad ui s8d10y9 poos) Buiping
Bunuawsajdwi Jo Aujigiseay sy syensuowsp ol

4’8189 [ensn 0} paJedwod SUONIBJUI WeaLIspoo|q
pue swisiueBlo Juelsisal-Bripninw sonpal o

Burobuo :snye1s

(1€6€£6€0.L0N) (86pnN)
SUOIIRIIP3IA JB[NISBACIPIRD

21U0JYD 0} BIUBIBYPY dAoIdW |

01 sabpnN [eiolreyag pue
eleQ 1UaNed Pazijeuoslad

a191dwod

'snyels {(Z6SETTZ0LON) [ety
(LOVdd) Buturest pue Buidod
3110y J0} Wweiboid ured

919|dwo? :snyeis
{(55v5T020.LON) (3417)
ABojoiwapid3 jo Buiioday
yum Buibew | JequinT

Burobuo :snyeis

*(9€628520.LON) (s80814-ADI)

$9931d UM Juawabeue|
aseasi 21uoayD Buinoidw|

Bulobuo

'snyels {(€STOY0Y0LON)
(HYD99) UiesH Jo}
$3910yD poos) Buiping

a19]dwod

:snjeys 1(298€9020.LON)
Apnis uonosyul (I1vav)
ajeuiwt|3 o1 bulyleg sAndy

anss| Jo
Arewiwns @1.q pue sseyd

ubsaq fetiL

S1UBITed/(SSOH) SWaISAS 8 1eaylfea H

[eoo

erL

Author Manuscript

T alqeL

Author Manuscript

"xHoday ased Siyl ul paqiasap s10da Alojeloge||oD

Author Manuscript

Author Manuscript

PMC 2022 March 07.

in

available

Healthc (Amst). Author manuscript


https://clinicalstrials.gov/ct2/show/NCT02063867
https://clinicalstrials.gov/ct2/show/NCT04040153
https://clinicalstrials.gov/ct2/show/NCT02587936
https://clinicalstrials.gov/ct2/show/NCT02015455
https://rethinkingclinicaltrials.org/demonstration-projects/uh3-project-collaborative-care-for-chronic-pain-in-primary-care-ppact/
https://clinicalstrials.gov/ct2/show/NCT02113592
https://clinicalstrials.gov/ct2/show/NCT03973931

Page 15

Tuzzio et al.

UONUAAIBIUI B} JO
uoneuswsa|dwi ayenbapeul
UNM PaIRID0SSE Sem
siaydope aye| 40 WBW||0IUd
:aseyd uonaa|es als

Sals
Ul S30UBJBYIP 10UnsIp 0} pa)
sa)is Bundope are| pue ALrea
10 X1w :aseyd uods|es sUS

SUOIIUAAIBIUI
Bunadwod ajdnnw o0y

pes| Aew suolyeAouul Jo
siaydope AjJes Jo Juswyjolua
:aseyd uonos|as als

Japaosip asnh pioido ssaippe

01 seAnenul |0 8(dinw
0} anp s10ay4a Buipunojuod
Joy jenualod :aseyd ubisag

aseyd jond

Y} Ul pasn auo 0} Jejiwis
UOIUBAIBIUI 8} JO UOISIBA
e pajdepe salis :aseyd 10]1d

(suoneinp uoissas

sisAjeipoway 0} yoeoidde usALIp-jeL
0U) 2Jed [ensn 0} JO SIN0Y GZ'i 1ses|
12 JO UoIjeINp UOISSas sisAelpowsay
JNeyap e 0} UoNeZIWOpUR] JAISN|D

100}
pappaqwia YH3 awil-|eal e Jo asn pue
Yorauino (1 4) Sisal [edlwaydounwiwi

|99} pajrew 03 paziwopues dnoio

'S||1YS 8180 aAljel|jed

slapinoad Aouabiawsa Jaisjoq 03 Loddns
[e21uy28) pue Bulules| snouoIyduAse

0} uoneziwopuel abpam-paddals

1oddns
UOISI09p [eI1UI[D PazLIaINdWod PaJaiuad
-1asn Jo |ews paziwopuel-dnols

UOIIUSAIBIUL S||IXS auljuo ue (g 1o
uoluaAIauI Juswabeuew aJed e (Z aled
lensn (T 01 UOIBZIWOPUEI [9A3]-1UdIRd

(swaned

G0/ ‘sanifioey sisAelp jusnedino
997 ‘eoLBWY YUON — aJeD [edIpalN
sniuasald “"au| ‘eliAeq) suoneziuebio
Japinoud sisAfeip sn ab.ae] om|

(swuaned 000 TV~ "BlUIOHIIED
pue uoBalQ) sajess z ut (sOHO4)
SI18)UBD UHeaH pauiend Ajfesspad 9z

(swuaned 21726~ ‘siapinoid

£861~) s|endsoy Aunwiwod 0} s19usd
[ea1paw d1wapede wouy buibues SSOH
8T Ul (s@3) siuawedap Aouabiawa Gg

(YpresH

0pelojo) Jo AlIsIaAlun pue ‘YiesH
arelsAeg ‘YieaH weybuiwligeweqe|y
40 ANISIBAIUN UY3[eaH BuljoJeD YHON
10 AJISIanIUN ‘YieaH UaneH maN
3[eA) swuaned 0066~ SSOH dAl
$S0Jo® Ssjuawiedaq Aousbiaw3 0z

(swaned

000'6T~ ‘1SOSMULION 8lusueWIdd
13SIeY| pUE ‘0peloj0D dusuRWIad
18s1ey] ‘UoIBUIYSEAN S1UsURLLIRd Jasiey
pue siauledylfeaH) SSOH Jno4

21’ S1sA[eIpoway

9oURUSIUIRW AJY99M-901IL) UM pareasl Bulaq
a|doad Buowre Anjenow Jo ajel ybiy ay) ssonpal
318931 Apualind s ayl ui syusied Auew

uey) 1aBUO| aJe Jeyl SUOISSas SisA[elpoway

YHM JUBWIEa} JaUIBUM aUIWLIBIBP O

17’ PaInsuLIapun
10 PIeJIPaIA UO 818 OUYM IO ‘BWO0IUI MO YIM
3S0Y] Se Yyans ‘sawodino Dy aSIOM pue sajel
Burusalas 9D Jamoj Ajfeartolsiy yum siuaired
Buowe axeidn Bulusalds Jadued [€19810[0
asealoul pinod weiboid yoeanno 1 |4 pajrew

' Juswa|dwi 03 moy ul Bururesy yJeis o1u1o

pue |00} Pappaquia-yYH3 J8YIayM aulwlalep oL

o7 2UIdIpaw Aouabiswa 1o}
1oddns [eaiuyods) pue ‘Buiuresy ‘UoIeINPa a4ed
annel|ed Arewid Jo SSaUaAIIIBLe Y} 1S8) O

¢ 0Jed Jualredsp

Aouabiawa ojul pajuswa)dwi Ajpunnod usag jou
Sey asn S} INg JuaLIeal} SAIIIBYS Paysi|qelsa
-[|am e s1 dNg JapJosip asn-pioido yum
sjuaired Joy Juswiealy Bulobuo Joy [eliajel

pue auoxoleu/aulydiousidng Jo uoneniul
-Juswredap Aouafiawa Jo salel asealoul 0]

g s1-1e se paynuapi sjuaited Buowe sidwane
ap1oins Bunuanaid Joy sweiboid yoraiino paseq
-uoije|ndod oM JO SSBUBAIIIBYS B} d¥en[ens 01

Ew_QEoo .snje1s
1(G226T0Z0LON) (QNILL) e
aseasiq [euay abeis-pu3 ui
A)JBLIOIN 89npay 01 awil]

a19|dwod

'smels 1(59027LT0LON) (0HD
d0.s) suone|ndod Aold

U1 189UBD U0J0D dOLS 0}
saiunyoddo pue saibsjens

Bulobuo

:smess ‘(60TZrE0LON) (M3
-\ 1dd) audipa Asuablawg
10} 81D aAnel|jed Arewiid

Buiobuo :snyeis
‘(279859€0.LON) (Q3aN3)
Japiosi@ esn prordo

1o} Juiydiouaidng paeniu|
-uswedaq AousbisNg
juswa|dw o3 Yoddng
uoIs128Q [ealul]D paIsIua)
-1as 40 |euL onewbeld

Bulobuo

'smiess 1(£8892€Z0LON)
(1LOdS) 1dwany aproing
1uanald 01 sweibold paseq
-uone|ndod Jo [eld onewbeld

anss| jo
Alewwns @1.q pue sseyd

ubsaq el

SIWI1ed/(SSOH) SWaISAS @ eaylfeo H

[e09

erL

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

PMC 2022 March 07.

in

available

Healthc (Amst). Author manuscript


https://clinicalstrials.gov/ct2/show/NCT02326883
https://clinicalstrials.gov/ct2/show/NCT03658642
https://clinicalstrials.gov/ct2/show/NCT03424109
https://clinicalstrials.gov/ct2/show/NCT01742065
https://clinicalstrials.gov/ct2/show/NCT02019225

	Abstract
	Background
	Organizational context
	Problems and solutions
	Design
	Challenge: Many pragmatic trials take a long time to complete, and for urgent public health questions, there will be important competing QI activities
	Case example: Pragmatic Trial of User-centered Clinical Decision Support to Implement Emergency Department-initiated Buprenorphine for Opioid Use Disorder (EMBED)


	Pilot phase
	Challenge: Sites might adopt or modify the trial intervention before an ePCT is complete based on promising groundwork accomplished during the pilot phase
	Case examples: Pragmatic Trial of Population-based Programs to Prevent Suicide Attempt (SPOT)
	Lumbar Imaging with Reporting of Epidemiology (LIRE)


	Recruitment of participants
	Challenge: QI activities during recruitment of an ePCT can create confusion among participants and clinicians
	Case example: Pain Program for Active Coping and Training (PPACT)


	Site selection
	Challenge: Health systems that are early adopters of evidence are quick to change practice and have many QI activities. Late adopters may be slow to implement evidence into care and to implement research interventions
	Case examples: Primary Palliative Care for Emergency Medicine (PRIM-ER; enrolled early adopters)
	Time to Reduce Mortality in End-stage Renal Disease Trial (TiME; enrolled late adopters)
	Strategies and Opportunities to Stop Colon Cancer in Priority Populations (STOP CRC; enrolled mix of early and late adopters)


	Conduct and analysis
	Challenge: different health systems participating in the same ePCT could have varied implementation of both QI activities and the intervention during the conduct of the trial
	Case example: Improving Chronic Disease Management with Pieces (ICD-Pieces)

	Challenge: Competing QI initiatives may impact the ability to measure the primary outcome
	Case examples: Active Bathing to Eliminate (ABATE) Infection study
	Guiding Good Choices for Health (GGC4H)
	Personalized Patient Data and Behavioral Nudges to Improve Adherence to Chronic Cardiovascular Medications (Nudge)

	Unresolved questions and lessons from the field: recommendations for researchers and QI and health system stakeholders

	Conclusions
	References
	Fig. 1.
	Table 1

