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Translating research into
practice—implementation
recommendations for pediatric
rheumatology; Proceedings of the
childhood arthritis and rheumatology
research alliance 2020 implementation
science retreat
Cagri Yildirim-Toruner1* , Rajdeep Pooni2, Y. Ingrid Goh3, Emily Becker-Haimes4, James W. Dearing5,
Maria E. Fernandez6, Esi M. Morgan7, Gareth Parry8, Jon M. Burnham9, Stacy P. Ardoin10, Fatima Barbar-Smiley10,
Joyce C. Chang9, Peter Chiraseveenuprapund11, Vincent Del Gaizo12, Guy Eakin13, Lisa C. Johnson14,
Yukiko Kimura15, Andrea M. Knight3, Melanie Kohlheim12, Erica F. Lawson16, Mindy S. Lo8, Nancy Pan17,
Andrea Ring13, Tova Ronis18, Rebecca E. Sadun19, Emily A. Smitherman20, Alysha J. Taxter21, Janalee Taylor22,
Richard K. Vehe23, Sheetal S. Vora23,24, Jennifer E. Weiss15, Emily von Scheven16 and MAS for the CARRA
Implementation Science Workgroup

Abstract

The translation of research findings into clinical practice is challenging, especially fields like in pediatric
rheumatology, where the evidence base is limited, there are few clinical trials, and the conditions are rare and
heterogeneous. Implementation science methodologies have been shown to reduce the research- to- practice gap
in other clinical settings may have similar utility in pediatric rheumatology. This paper describes the key discussion
points from the inaugural Childhood Arthritis and Rheumatology Research Alliance Implementation Science retreat
held in February 2020. The aim of this report is to synthesize those findings into an Implementation Science
Roadmap for pediatric rheumatology research. This roadmap is based on three foundational principles: fostering
curiosity and ensuring discovery, integration of research and quality improvement, and patient-centeredness. We
include six key steps anchored in the principles of implementation science. Applying this roadmap will enable
researchers to evaluate the full range of research activities, from the initial clinical design and evidence acquisition
to the application of those findings in pediatric rheumatology clinics and direct patient care.
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Introduction
This report summarizes the presentations and recom-
mendations from the first Childhood Arthritis and
Rheumatology Research Alliance (CARRA) Implementa-
tion Science Retreat held in Dallas, Texas, from February
24–25, 2020. The purpose of the retreat was to bring to-
gether stakeholders from across the pediatric rheumatol-
ogy community to introduce the discipline of
implementation science and to lay the groundwork for
applying implementation science principles and method-
ology to pediatric rheumatic disease research. The re-
treat resulted in the development of pediatric
rheumatology-specific implementation science roadmap
and identified critical over-arching principles for how to
approach this work. Together, the roadmap and princi-
ples establish a foundation to guide researchers on the
conduct of implementation research projects that will
align with current research findings and drive clinical
practice changes for the benefit of our patients with
pediatric rheumatic disease.

Background
Medical research aims to advance science to improve
health outcomes for patients. Trillions of dollars are
invested annually into medical research [1] but despite
this enormous investment, relatively few research results
have a clinically significant impact [2]. In addition, ap-
proximately 25–50% of research results are not dissemi-
nated through peer-reviewed journals [3–5]. Even when
research reveals new effective treatment approaches, it
can take a long time for this information to be translated
into practice and only about half of recommended
healthcare practices are ever implemented. Some studies
suggest that it takes an average of 17 years for 14% of re-
search findings to be adopted into every practice using
traditional approaches [6, 7]. Furthermore, translating
knowledge consistently across diverse populations has
proven especially difficult and likely contributes to
health disparities in.
our communities since better- resourced clinical set-

tings are more likely to adopt innovations sooner than
poor-resourced clinics [8, 9]. Given that health outcomes
could potentially be improved by translating research re-
sults into practice [10, 11], researchers have a responsi-
bility to better understand the barriers and facilitators to
implementation and take that knowledge into account
when designing interventions for clinical settings.
The implementation of clinical research findings in

pediatric rheumatology is additionally challenging due to

a limited evidence base, a paucity of clinical trials involv-
ing potential therapeutics, rarity of the conditions, and
disease heterogeneity. Application of implementation
science methods to promote systematic uptake of re-
search findings [12] has been shown to decrease the
knowledge-to-practice gaps in several pediatric clinical
areas [13], including childhood asthma [14] and pediatric
cancer precision medicine [15]. However, very little im-
plementation work has occurred in the field of pediatric
rheumatology. In recognition of this need, in 2019 the
CARRA Implementation Science workgroup was formed
in collaboration with the Pediatric Rheumatology Care
and Outcomes Improvement Network (PR-COIN), a
quality improvement learning health network [16], to fa-
cilitate the implementation of evidence-based practices
in pediatric rheumatology. CARRA is a member-driven
collaborative research network engaged in research
across the spectrum of translational research with a pri-
mary focus on practical trials and comparative effective-
ness research (CER) [17]. The organization’s breadth of
engagement with research, broad member base and deep
engagement with providers and patients position
CARRA to contribute to the advancement of implemen-
tation science within pediatric rheumatology. A Patient-
Centered Outcomes Research Institute (PCORI) grant
mechanism was awarded jointly to the Arthritis Founda-
tion (AF), CARRA, and PR-COIN to foster a learning
health system in pediatric rheumatology. In the spirit of
collaboration, the Implementation Science Workgroup
and Implementation Science Roadmap grew out of the
combined efforts of these research organizations to ad-
vance pediatric rheumatology outcomes.
The CARRA Implementation Science Retreat was held

in Dallas, Texas, in February 2020 to educate the
pediatric rheumatology community about implementa-
tion science methods and to provide a forum to work to-
gether on shared projects. The retreat brought together
diverse stakeholders including researchers, physicians,
nurses, nurse practitioners, other allied health profes-
sionals, trainees, and parents of patients with childhood
rheumatic diseases, affiliated with CARRA, PR-COIN,
and AF. Implementation science experts were invited to
serve as speakers as well as facilitators in small group
breakout sessions.
In this report we present a summary of expert speaker

presentations, updates on select pediatric rheumatology
research projects, results of the breakout session discus-
sions and summary of recommendations for applying
implementation science tools and quality improvement
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methodologies pediatric rheumatology. This report also
includes a description of a pediatric rheumatology-
specific implementation science roadmap developed to
guide the community’s work going forward.

CARRA Implementation Science Retreat Meeting
Proceedings
Meeting goals: the objectives of the 2020 CARRA Imple-
mentation Science retreat were to:

a) Provide attendees with foundational knowledge of
implementation science including theories,
frameworks, and study designs, as well as to review
how quality improvement (QI) and implementation
science (IS) can work synergistically;

b) Review select pediatric rheumatology projects at
various stages of implementation readiness to
translate research results to practice and develop
next steps; and

c) Establish a pediatric rheumatology implementation
science guidance document that stakeholders could
refer to when planning to implement research
findings.

Attendees: 52 participants attended the retreat.
Invited speaker presentations: The following presenta-

tions by invited speakers addressed the core concepts
and terminology in the field of implementation science.

Introduction to Implementation Science
Emily Becker-Haimes, PhD, whose body of work focuses
on the implementation of mental health projects, pro-
vided an overview of the discipline of implementation
science. She defined implementation science as the sci-
entific study of strategies to promote the systematic up-
take of research findings and other evidence-based
practices into routine practice, to improve the quality
and effectiveness of health services and public health
[12]. She reviewed core concepts including how imple-
mentation science differs from quality improvement,
types of implementation studies and a review of the
abundance of implementation science theories, models
and frameworks [18]. Implementation theories are gen-
erally designed to structure our observations to help us
make sense of the world and determine what influences
specific outcomes. A model generally is a simplification
of some phenomenon; it is descriptive and may not ex-
plain how outcomes are achieved. A framework presents
a structure or plan of how concepts or variables are con-
nected, and describes categories, but does not provide
explanations of how these concepts or variables are
related.
Some examples include the Canadian Institutes of

Health Research (CIHR) knowledge translation (KT)

model [19], The Consolidated Framework for Implemen-
tation Research (CFIR) [20] and The Theory of Planned
Behavior [21]. The theory of Organizational Readiness
defines readiness as a shared psychological state [22].
Dr. Becker-Haimes explained that all implementation
science studies should ideally utilize some theory, model,
or framework, based on what best suits the needs of the
project, but that specific guidance around how to make
this selection is lacking. She concluded by emphasizing
the abundance of research to practice gaps and urging
the researchers in the room to identify and address these
“gaps”, and not to be intimidated by the new termin-
ology (Appendix).

Designing an Implementation Science project
Gareth Parry, PhD Senior Scientist leading the evalu-
ation team at Institute for Healthcare Improvement
(IHI) and chair of the IHI Scientific Symposium, dis-
cussed how to apply the core concepts of implementa-
tion science to the design of an implementation study.
He emphasized the importance of pre-specifying the
goals and approach beginning with “bringing the right
people to the table.” Optimally the work should be con-
ducted with a diverse stakeholder team including clini-
cians, patients/families, organization implementation
teams and funders, as it is critical that all stakeholders
are in agreement regarding the questions that are being
addressed. It can also be advantageous for the design of
implementation research to involve stakeholders in co-
production of desired outcomes or goals [23]. In order
to maximize applied learning, he promoted the concept
of “improver and evaluators as best friends”. Dr. Parry
suggested developing a study plan that included the fol-
lowing core design components: 1) Agreeing on the goal;
which can be represented by an aim statement, 2) De-
scribing the content theory; which represent the “what”
changes can be made at a local setting, and can be sup-
ported by a change package or key driver diagram, 3)
Describing the execution theory; which describes “how”
changes can be tested and put into place, represented as
a series of if/then statements in a logic model, 4) Defin-
ing the data measurement and learning plan; which in-
cludes the measurement plan and 5) Considering the
context, which describes the “Where” and critical fea-
tures of the local setting. He noted that the first four
components are also represented in the “Model for Im-
provement”, however, the inclusion of local context is
not necessarily integral to local quality improvement ini-
tiatives [24].
Dr. Parry also emphasized the importance of specifying

an evaluation plan that aligns with the improvement and
implementation approach, and that questions of impact
focus primarily on where a new approach works or can
be adapted to work. He suggested considering the use of
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“Implementation Outcome measures” including accept-
ability, appropriateness, adoption, feasibility, fidelity,
penetration, sustainability, and cost [25]. The questions
being asked and the choice of outcomes will vary by im-
plementation phase.

Diffusion of Innovation and Scaling Up
James Dearing, PhD, an expert on the diffusion of inno-
vations, reviewed the concepts of diffusion, adoption and
implementation of new evidence- based practices, pro-
grams, technologies, and policies. He defined diffusion
as a “social process by which an innovation is communi-
cated through certain channels over time among the
members of a social system.” Adoption typically follows
an S-shaped curve characterized by a very slow begin-
ning, after which there is initial uptake of an innovation
by “early adopters” during which adoption decisions ac-
celerate, followed by a period of slower diffusion, as the
more skeptical at last adopt.” [26] He emphasized the
importance of knowing the denominator, the total num-
ber of potential adopters, when measuring adoption so
that researchers can know the extent of diffusion that
has taken place. Typically, early adopters represent only
approximately 13.5% of the population [27]. A subset of
these individuals may not be vocal advocates of an
innovation, but rather serve as “social models” for others
to observe or learn about. These are the informal opin-
ion leaders who can function to trigger diffusion by
others following their lead.
Several strategies, informed by behavior change sci-

ence, can improve diffusion, including 1) Providing
choice. 2) Optimizing the attributes. 3) Harnessing social
influence. and 4) Attending to timing and framing.

Strategies for improving Implementation
Maria E. Fernandez, PhD, an expert on implementation
mapping, discussed the concepts of organizational con-
text, culture, and readiness to change, and their influ-
ence on implementation feasibility and success. A key
point was the importance of making “the right thing to
do, the easy thing to do”. She reviewed the Implementa-
tion Mapping approach [28], a method for planning im-
plementation strategies, which follows the following five
steps: 1) Conduct a needs and assets assessment and
identify adopters and implementers, 2) Identify adoption
and implementation outcomes, performance objectives
and determinants, 3) Select theoretical methods and im-
plementation strategies, 4) Produce implementation pro-
tocols and materials, and 5) Evaluate implementation
outcomes. This approach provides a systematic approach
for developing or selecting and tailoring implementation
strategies, by ensuring that the strategy is informed by
barriers and facilitators at the level of the individual

players involved in implementation as well as a consider-
ation of the implementation context [29].

Learning from PR-COIN: a quality improvement learning
network
Esi Morgan, MD, as the leader of Pediatric Rheumatol-
ogy Care and Outcomes Improvement Network (PR-
COIN) discussed the similarities and differences between
quality improvement, clinical research and implementa-
tion science and how they can work synergistically
within a Learning Healthcare System (LHS) approach
[30–32]. She described how PR-COIN follows Wagner’s
Chronic Care Model [33, 34], and the Model for Im-
provement (MFI) [24], an extension of QI methodologies
designed to support implementation success [35], PR-
COIN uses the IHI Breakthrough Series approach to
support site and participant shared learning [36] to ad-
vance quality improvement initiatives at a network level.
With these approaches they have designed and con-
ducted interventions in the areas of shared decision
making [37, 38], self-management support, assessing
barriers to treatment adherence and tools to overcome
them [38], and a treat to target approach to care of JIA
[39].
To address the topic of learning from quality improve-

ment interventions, she cited the teaching of Lloyd Prov-
ost, PhD, and colleagues at Associates in Process
Improvement [40]. Dr. Morgan reviewed five methods to
design a system of learning in healthcare [41] including
1) recognition and investigation of special cause [42], 2)
study of informative cases [43], 3) observational studies
of the relationship between factors and responses, 4)
natural experiments, and 5) and design of quality im-
provement with planned experimentations [41].
Pediatric Rheumatology Project Presentations: Investi-

gators from five pediatric rheumatology research pro-
jects at various stages of implementation readiness
presented. The presentations provided attendees with
ideas for future implementation studies and insight into
challenges of conducting implementation studies in
pediatric rheumatology.

1. Atherosclerosis Prevention in Pediatric Lupus
Erythematosus (APPLE) Trial. This was a
randomized control trial (RCT) which assessed the
use of statins (atorvastatin) to prevent
atherosclerosis (a common complication in patients
with lupus) in children with childhood onset
systemic lupus erythematosus (cSLE). This team
has identified a new research finding, but needs to
assess its appropriateness and readiness for
implementation.

2. Building a Framework to Implement Structured
Transition Processes. This is a pilot study aimed at
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determining feasibility and acceptability of
implementing a structured transition policy across
10 sites using a learning collaborative model, while
simultaneously assessing the impact of these
transition interventions on teens and young adults
with chronic rheumatic diseases. This project is in
the testing phase.

3. Implementing the CARRA Uveitis Clinical
Treatment Protocols (CTPs). This is a pilot study
on examining the status of the uveitis CTP at 9
CARRA Registry sites and aims to better
understand the practical aspects of patient
enrollment and data collection. This project is in
the testing phase.

4. Treat to Target for Juvenile Idiopathic Arthritis
(JIA). This project involves the pilot data from a
single center quality improvement study that
utilized a standardized disease activity
measurement, disease activity target review, and
treatment algorithms. The progress with scaling up
at PR-COIN sites and barriers related to use of the
treatment algorithms were presented. This project
highlights the interplay between quality improve-
ment and implementation methods in the scaling
phase.

5. Start Time Optimization of Biologic Therapy in
Polyarticular JIA (STOP) Study. This study aimed
to compare the effectiveness of the three CARRA
CTP treatment strategies (step-up, early
combination, biologic only) in achieving clinical
inactive disease (CID) in juvenile idiopathic arthritis
(JIA) at 12 months using a prospective,
observational study design [44]. They identified
difficulties in aligning visits to the CTP treatment
algorithms and missing visits and data as
limitations. Further efforts are needed to
understand barriers at the level of patient, family,
provider, and insurance coverage. This study
represents an implementation study in the scaling
phase.

Break-out sessions
The 90-min-long break-out sessions were structured to
allow small group discussion and strategic planning for
specific projects. Prior to the retreat, attendees were sur-
veyed to identify the projects of greatest interest and
those with the highest interest were selected for a break-
out session. Participants were then assigned to the
groups based on their preference while maintaining bal-
ance in each group. The group facilitator followed a
structured discussion guide that was adapted from Maria
Fernandez’s implementation mapping schema which fo-
cused on identifying facilitators and barriers. Summaries
of each breakout session are provided below:

CARRA consensus treatment plan (CTP) Breakout
CARRA CTPs have been developed for over 10 disease
states however their use has been variable across sites
and over time. This group’s goal was to develop a strat-
egy for assessing the use of CARRA CTPs and to effi-
ciently iterate them as new data emerges, treatment
options fall out of favor, and new drugs come to market.
They discussed conducting surveys to assess knowledge,
perceptions and barriers, strategies for leveraging the
CARRA Registry to assess use of CTPs, and innovative
technological solutions such as the development of an
app to make the CTPs more accessible and usable. Con-
versations focused on testing, scaling, sustaining, and
spreading.

Screening for Mental Health symptoms in pediatric
rheumatology Breakout
This group’s goal was to develop an implementation
plan for widespread screening for mental health symp-
toms in pediatric rheumatology clinics and connecting
patients to necessary resources. This group recom-
mended the standardized “Ask, Advise, Connect” tool as
“the thing” to implement, identified the important stake-
holders for implementation, and brainstormed potential
barriers and implementation strategies including the de-
velopment and dissemination of workflows and incen-
tives [45].

Transition from Pediatric to Adult Care Breakout
This group’s goal was to develop a plan for scaling up
implementation of transition services. The group de-
cided to focus on implementation of a transition policy,
building on the pilot work described above. They brain-
stormed the key actors, discussed the question of how
much effectiveness- evidence is needed, and brain-
stormed strategies to collect quantitative and qualitative
data on implementation outcomes.

CARRA Implementation Science Roadmap Breakout
This group’s goal was to develop a systematic approach
for CARRA’s Implementation Science activities. Main
ideas included determining priorities, guidelines for deter-
mining readiness to implement, approaches for connect-
ing science emerging from the CARRA workgroups to the
implementation initiatives, and collaboration with other
organizations including PR-COIN. This group’s discus-
sions informed the development of the recommendations
below and served as the foundation for the recently
launched CARRA-Arthritis Foundation Implementation
Science Request for Applications (RFA) in collaboration
with PR-COIN.
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Recommendations for the Implementation of pediatric
rheumatology research findings
Following the retreat, the CARRA Implementation Sci-
ence workgroup leaders synthesized the date collected
from expert speakers’ presentations along with breakout
group discussion notes, and identified recurrent themes
to develop a six-step roadmap (Fig. 1) in order to pro-
vide a guide to researchers on the conduct of implemen-
tation science research in pediatric rheumatology. This
roadmap was iteratively designed with feedback from
Implementation Science workgroup members. The road-
map specifically includes tools and resources to support
the investigator team. Three over-arching principles
emerged as a result of the meeting, as critical to the
process of bringing together the methodologies, perspec-
tives, and values of diverse stakeholders across the fields
of research and quality improvement. The three over-
arching principles that should be considered at each
“Step” of the implementation process are as follows:

Fostering curiosity and ensuring discovery
CARRA’s mission is to conduct collaborative research to
prevent, treat, and cure pediatric rheumatic diseases. At
the core of any research initiative is the driving force of
curiosity and the desire to discover new knowledge.

Ensuring that implementation of new interventions
achieve widespread uptake across clinical settings, in
order to benefit the largest number of patients, will re-
quire continuous learning. This involves establishing re-
liable methods of data collection and analysis and
adhering to high quality scientific methods.

Integration of research and quality improvement (QI)
Basic and clinical researchers and QI experts approach
healthcare improvement from different paradigms using
different frameworks and methods. However, they share
the ultimate goal of improving patient outcomes. Envi-
sioning the entire translational research pathway as a
whole process, from pre-clinical studies, to early human
studies, to clinical trials, and on through implementation
and health policy enactment improves the relevance and
efficiency at each step. Consideration of implementation
issues during the design of translational studies and clin-
ical trials will improve implementation potential at the
end. Knowledge and understanding of early phase scien-
tific studies will improve the design of implementation
and QI initiatives. Application of QI methods to all re-
search studies has the potential to improve the conduct
of research. And application of research methods to QI
studies has the potential to improve their value by also

Fig. 1 Pediatric Rheumatology Implementation Science Roadmap with overarching approaches
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generating new knowledge. A major strength of our field is
that most pediatric rheumatology researchers and QI ex-
perts also care for patients, allowing them to experience the
full range of translational research through to QI and health
policy in their everyday life. As a research organization,
CARRA is positioned to leverage its disease-specific research
committee structure to continuously evaluate the emerging
evidence base to identify innovative interventions for imple-
mentation in the clinical setting. Together, utilizing its di-
verse membership and expertise, CARRA also has the
opportunity to bring together basic and clinical researchers,
QI experts, patients/families, and advocacy organizations to
work collaboratively along the translational research con-
tinuum thereby accelerating the conduct of research and im-
provement in care and health outcomes. Together CARRA
and PR-COIN activities span the spectrum from research to
QI. Working collaboratively with the Arthritis Foundation,
an advocacy organization with broad community engage-
ment, these three organizations formed the CARRA Imple-
mentation Science Workgroup, organized the
Implementation Science retreat, and developed the conclu-
sions presented in this report. Continued coordination of ac-
tivities within an implementation science framework will
provide future opportunities to translate research findings
into clinical practice in pediatric rheumatology.

Patient-centeredness
Inclusion of patients and parents in the planning and con-
duct of research allows them to contribute their unique
perspectives and lived experience of illness, which im-
proves the process and the practical impact of the re-
search. Patients and families can be engaged at all stages
of the research process, including development of research
questions, study design, creation of patient-facing mate-
rials, data analysis and interpretation and dissemination of
results. Patients and parents should also be included in
the design, conduct and evaluation of implementation sci-
ence studies. This will lead to higher relevance and better-
quality studies for the benefit of those for whom they are
intended, eventually improved implementation success by
engaging end users in the process.
In addition to the three principles we mentioned so

far, implementation science is also related to the follow-
ing associated but distinct disciplines: 1) Change Man-
agement [46] 2) Project Management [47] practices that
are already in place in the hospitals. Strategic business
objectives that guide the alignment of projects with each
organization’s overall objective should be emphasized
while developing the strategic roadmap.

Pediatric rheumatology implementation science roadmap
The following six-step roadmap was developed to guide
the conduct of implementation science research in
pediatric rheumatology. It charts the implementation

process, beginning with the identification of a new re-
search finding that should be translated to clinical prac-
tice, and ending with the spread of validated practices
across diverse settings:

Step 1a: Identifying the evidence-based scientific
breakthrough for Implementation
The entire scientific community should be continuously
assessing scientific breakthroughs to.
identify interventions, treatments, and programs for

implementation and spread. There is a responsibility to
the patient community to ensure that a process is in
place to support this activity. This could be achieved
with a structured process embedded in existing activities,
such as the American College of Rheumatology (ACR)
and Paediatric Rheumatology European Society (PRES)
annual meetings and other pediatric rheumatology com-
mittees including CARRA disease-specific committee re-
ports. Alternatively, new strategies could be developed.

Step 1b: Selecting what will be implemented
A critical appraisal should be conducted to assess the
appropriateness and potential of the selected interven-
tion for implementation, according to its evidence, needs
of the program, fit with current initiatives and supports,
resource availability, readiness to implement and cap-
acity to implement [48]. The Hexagon Tool [49] can be
used to facilitate making this appraisal. Ideal innovations
to implement would rate highly in each of these domains
and address gaps in care that have been documented
across practices. Researchers should use these imple-
mentation science tools to ensure a standardized ap-
proach in evaluating a practice of interest.

Step 2. Preparation and planning activities
This phase includes convening the study team, identifi-
cation of the study population and clinical setting or site,
defining the key players and facilitators and barriers that
influence their performance of the necessary implemen-
tation tasks, selection of an implementation framework,
selection of the study design and development of an
evaluation plan. When defining the key players consider
the individuals (actors) who are important to the imple-
mentation, what exactly they need to do, and what influ-
ences their performance (i.e., determinants) [50]. It is
important to identify both potential facilitators and bar-
riers to change when attempting to implement research
findings in practice [28, 51]The BARRIERS scale is a
nonspecific tool which identifies potential barriers in the
implementation of research [52]. This tool was devel-
oped to identify perception of barriers by clinicians, ad-
ministrators, and academics when implementing
research findings. A systematic review of the BARRIERS
scale concluded that although this tool has been
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demonstrated to have internal consistency, there is lim-
ited evidence demonstrating its validity. It is recom-
mended that barriers assessment be conducted
specifically for the context being implemented [53]. It is
also important to consider facilitators of implementation
– what would make it easier- what structures, processes,
knowledge attitudes, etc. make it more likely or easier.
Selection of implementation science frameworks

should be guided by the need of the project (see discus-
sion above). Numerous implementation sciences frame-
works exist including The Promoting Action on
Research Implementation in Health Services (PARiHS),
CFIR, and the Practical, Robust Implementation Sustain-
ability Model (PRISM) [54–57].
Selection of the research approach should include consid-

eration of whether a hybrid effectiveness-implementation
study is indicated (see the implementation science subway
diagram). Hybrid approaches are appropriate when there is
evidence for efficacy of the practice of interest, but only
partial evidence for effectiveness. The hybrid effectiveness-
implementation design allows researchers to gain additional
information about effectiveness while studying implementa-
tion. Once the design is selected, an evaluation plan includ-
ing the selection of implementation outcome measures
(acceptability, adoption, appropriateness, feasibility, fidelity,
cost, penetration, sustainability) should be developed. For
each measure a definition and data collection strategy
should be described.

Step 3: Testing
Testing is important prior to scaling to identify unantici-
pated procedural challenges. Testing can begin at a
small-scale (2–3 sites) during which implementation
strategies may be developed or adapted to improve per-
formance. Design of the implementation strategy (or
strategies) is a critical step that should be informed by
what was learned from the assessment of facilitators and
barriers (see discussion above). During this small-scale
testing phase the research design such as sampling and
methods, can be adapted to maximize external validity
and increase acceptability to target clinicians and other
stakeholders [28]. Additionally, compelling examples of
successful implementation that can be used to motivate
others during the subsequent scale-up phase can be col-
lected. An implementation protocol, materials and tools
should be developed to support testing. Subsequently,
testing can be extended to more sites (20 or more) to
test external validity and understand feasibility across di-
verse settings.

Step 4: Scaling
Scaling, which involves successful performance of the
intervention at a larger number of sites, can be sup-
ported with several strategies, such as the use of

partnerships and pathways [26, 57–60]. Utilization of
partnerships may involve the introduction of pilot stud-
ies done in parallel though performed in different envi-
ronments. CARRA is uniquely positioned to leverage
partnership with PR-COIN and community-based advo-
cacy organizations to support implementation studies as
well as clinical demonstrations that prospective adopters
can visit and where they can pose questions to imple-
menters. CARRA can also utilize the pathway approach
by involving CARRA Registry sites. Whereas the testing
phase includes increasing acceptability and may involve
adaptations, studies at the scaling phase are oriented to-
wards evaluation of the effectiveness of implementing
the intervention and expanding coverage of the interven-
tion in a strategic, systematic fashion.

Step 5: Sustaining
Sustaining change is not inevitable. Successful imple-
mentation of effective practices at a limited number of
sites through short-term research-led efforts does not
naturally lead to sustained adoption in the participating
sites nor broader adoption at additional sites. Research
to understand barriers and facilitators to routine scale-
up will inform the development of effective scale-up
strategies. Typically continued monitoring with feed-
back, and support is needed to ensure sustained and
consistent performance at all sites.

Step 6: Spreading
Spreading refers to the adoption and implementation of
improvements in pediatric rheumatology across the
broader community, beyond the initial testing sites.
Spread is supported by communication strategies to
raise awareness, dissemination of information and shar-
ing of technical content and tools. As a community, we
have a responsibility to ensure that treatments and inter-
ventions shown to improve patient’s lives are widely im-
plemented in all patient communities.

Conclusion
The research community has an obligation to ensure
that as new knowledge is generated, it is rapidly and effi-
ciently translated into clinical practice, so that patients
may benefit. Implementation science typically begins
with identification of an evidence-based practice that is
under-utilized. Next, a systematic assessment is per-
formed focusing on what is needed to increase
utilization, coupled with a formal study assessing the im-
pact of a specific implementation strategy. The method-
ology of implementation science allows for a systematic
approach to identifying what implementation ap-
proaches are most effective, and what changes in behav-
ior at the level of implementers, organizations and
systems are needed. The conduct of implementation
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research studies in pediatric rheumatic diseases is chal-
lenged by the limited evidence base, disease heterogen-
eity and variability in clinician practice.
The 2020 CARRA Implementation Science Retreat

provided an important venue for training the research
community and a foundation for working collaboratively
going forward. Three overarching principles were identi-
fied to guide this work: foster curiosity and ensure dis-
covery, be patient-centered, and integrate research with
quality improvement. Additionally, the importance of
change management and project management principles
underlined. A six-step roadmap was developed to guide
the conduct of implementation science research in
pediatric rheumatology. It will be important going for-
ward for the community to focus on capacity-building
and providing ongoing training opportunities in imple-
mentation science, to work towards better integration of
basic and clinical research with QI activities, and to de-
velop strategies for sustaining, scaling, and spreading ef-
fective health care practices both within and outside the
pediatric rheumatology community.

Appendix
GLOSSARY of TERMS https://carragroup.org/grants-
funding/applicants/implementation-science-funding-
program/glossary-of-terms
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