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in Stroke Rehabilitation
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ABSTRACT: The knowledge to action (KTA) process proposed by Graham et al (2006) is a framework to facilitate the development
and application of research evidence into clinical practice. The KTA process consists of the knowledge creation cycle and the action cycle.
The Evidence Based Review of Stroke Rehabilitation is a foundational part of the knowledge creation cycle and has helped guide the
development of best practice recommendations in stroke. The Rehabilitation Knowledge to Action Project is an audit-feedback process
for the clinical implementation of best practice guidelines, which follows the action cycle. The objective of this review was to:
(1) contextualize the Evidence Based Review of Stroke Rehabilitation and Rehabilitation Knowledge to Action Project within the KTA
model and (2) show how this process led to improved evidence-based practice in stroke rehabilitation. Through this process, a single centre
was able to change clinical practice and promote a culture that supports the use of evidence-based practices in stroke rehabilitation.
RÉSUMÉ: Construire un programme de passage du savoir à l’action dans la réadaptation de l’accident vasculaire cérébral. Le processus
de passage du savoir à l’action (PSA) proposé par Graham et al (2006) constitue un cadre dont le but est de faciliter l’élaboration et l’application de données
de recherche en pratique clinique. Le processus (PSA) comprend le cycle de création du savoir et le cycle de l’action. Le Evidence-Based Review of Stroke
Rehabilitation (EBRSR) est une partie fondamentale du cycle de la création du savoir et a aidé à guider l’élaboration des recommandations de pratiques
exemplaires pour l’accident vasculaire cérébral (AVC). Le Rehabilitation Knowledge to Action Project (REKAP) est un processus de vérification et de
rétroaction portant sur la mise en application des lignes directrices sur les pratiques exemplaires et suit le cycle d’action. L’objectif de cette revue était de
contextualiser l’EBRSR et le REKAP dans le cadre du modèle PSA et de montrer comment ce processus a mené à une amélioration de la pratique basée sur
des données probantes dans la réadaptation de l’AVC. Grâce à ce processus, un centre a pu modifier la pratique clinique et promouvoir une culture qui
soutient l’utilisation de pratiques basées sur des données probantes dans la réadaptation de l’AVC.
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Stroke is one of the leading causes of death and disability in
Canada.1 Approximately two-thirds of stroke survivors experience a loss of function in physical, cognitive, or communication
skills.2 Consequently, it is imperative that individuals with stroke
receive care that promotes optimal recovery. The integration of
clinical expertise with high-quality research evidence is the
cornerstone of evidence-based medicine.3 A health care system
that uses the best research evidence optimizes patient outcomes;
however, only 55% to 67% of patients reportedly receive care
consistent with best evidence.4,5
With the consequences of stroke well-known, a substantial
body of published research evidence pertaining to stroke interventions exists. Despite the volume of stroke research, the process
of translating the knowledge obtained from such studies
into clinical practice has lagged, with some estimates reaching
17 years for implementation to take place, if at all.6 A consistent
finding in the literature is the lack of uptake of clinical and health
services research into both practice and policy.7 However, the
translation of research evidence into patient care settings is
challenging.
Many models for knowledge translation exist, including the
knowledge to action (KTA) cycle developed by Graham et al8
(Figure 1). This framework proposes a dynamic and iterative
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process that consists of two interacting processes: (1) the knowledge creation cycle and (2) the action cycle. The knowledge
creation cycle consists of three phases and involves distilling
knowledge from its most basic form to create a collection of
synthesized, appraised, and user-friendly products catered to the
needs of researchers and clinicians alike. The Evidence Based
Review of Stroke Rehabilitation (EBRSR; www.ebrsr.com)9
serves as one example of knowledge synthesis and is a resource
designed to inform evidence-based practice. The EBRSR, now in
its 16th edition, is a comprehensive review of the evidence for
stroke rehabilitation that covers the continuum of care. Another
important part of the knowledge creation cycle is knowledge
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Figure 1: The knowledge to action process (Reprinted from Graham et al. 2006, copyright
© 2006, with permission from John Wiley & Sons, Inc.).

tools, such as clinical practice guidelines (CGPs; e.g. the Canadian
Best Practice Recommendations for Stroke Care).
The action cycle is the process of moving knowledge into
practice. The seven components of the action cycle were derived
from a review of more than 60 theories and frameworks for
planned action, which were intended to guide and promote change
within a social system.8 The stages include: (1) identifying a
problem, (2) adapting knowledge, (3) assessing barriers, (4)
implementing, (5) monitoring, (6) evaluating, and (7) sustaining.8
Researchers have used this framework to guide knowledge
translation initiatives within stroke rehabilitation for unilateral
spatial neglect10 and for speech-language therapy.11
In an effort to investigate and improve CPG adherence on a
stroke inpatient rehabilitation unit in Ontario, Canada, the Rehabilitation Knowledge to Action Project (REKAP) was developed.
Guided by the KTA model by Graham et al,8 this project sought to
improve guideline adherence in care areas where clinical practice
gaps were identified. This article will discuss the utility of the
KTA model using two examples, the EBRSR (knowledge creation) and REKAP (action cycle), in terms of methodology and
clinical implications.
KNOWLEDGE CREATION CYCLE
The EBRSR is a comprehensive database that synthesizes
stroke rehabilitation research. The EBRSR is designed to help
frontline clinicians, policy makers, researchers, and educators
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manage and take advantage of the growing wealth of stroke
rehabilitation evidence. The EBRSR can be accessed online for
free and is updated annually.
KNOWLEDGE INQUIRY
Knowledge inquiry is often referred to as “first-generation
knowledge” and represents a collection of evidence in its most
basic form.8 This knowledge encompasses primary research
studies and provides the foundation for the subsequent steps of
knowledge synthesis and the development of knowledge
products. For randomized controlled trials (RCTs) alone, Glasziou
and Haynes12 estimated that approximately 55 new studies are
indexed in the Cochrane central database per day. There has also
been an unprecedented acceleration in the amount of stroke
rehabilitation research being conducted, with the number of RCTs
in stroke rehabilitation increasing threefold over the past decade.
More specifically, 1063 stroke rehabilitation RCTs were
published from 1970 to 2012, 370 of which were published in the
most recent 5 years.13 Given the amount of evidence available and
the pace at which new research is produced, keeping up to date on
the latest research findings is challenging.
The Canadian Institute of Health Research14 has acknowledged the importance of systematic reviews in developing
evidence-based practice and planning clinical trials. These
reviews and the effective dissemination of that knowledge are
critical to effective decision making and improving health
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outcomes in a way that is both financially sustainable and costeffective. This has been echoed in the Drummond Report15 to
the Ontario government, which emphasized the need for
“evidence-based policy” and the need for “research-based clinical
guidelines” in determining future health care priorities and which
services will be funded. The bridge between primary research
studies and the final products that lead to such policies and system
changes are resources such as the EBRSR.
KNOWLEDGE SYNTHESIS
The synthesis of research is a complex process but important
for tailoring knowledge within the knowledge creation cycle.
Individual trials are often single site, involve heterogeneous
populations, and are of variable methodological quality, making
the generalizability of findings difficult. Further, many studies are
designed without considering existing research,16 and many
researchers do not discuss their results within the context of other
studies.17 The value of primary research studies are often better
elucidated when they are combined and reviewed within the realm
of existing literature.
The EBRSR aggregates and synthesizes the evidence that is
identified during the knowledge inquiry stage. The EBRSR
identifies relevant articles within key areas of stroke rehabilitation
through systematic literature searches in multiple scientific
databases. Articles are then organized according to the type of
intervention assessed and the type of study design used. RCTs are
summarized in the form of evidence tables and assessed for
methodological quality using the Physiotherapy Evidence
Database tool.18 All studies assessing a particular intervention are
then considered as a whole and a level of evidence is assigned
according to the results, the number of studies assessed, and their
associated Physiotherapy Evidence Database scores. The EBRSR,
and its methodology, have attempted to overcome some of the
limitations of other reviews19 by ensuring systemwide, regularly
updated, and clinically useable information in a readily accessible
form.
The 16th edition of the EBRSR contained the results of 1431
RCTs, more than 1200 of which evaluated various therapies,
technologies, models of care, or medications used in stroke
rehabilitation; the remaining RCTs dealt with the secondary
prevention of stroke.9 Together with the results of more than
2500 non-RCTS, the research has been synthesized into
approximately 500 conclusion statements/levels of evidence.
KNOWLEDGE PRODUCTS/TOOLS
The development of knowledge products and/or tools is the
final phase of the knowledge creation cycle. The EBRSR provides
“knowledge-transfer ready” information in the form of key points,
summaries, and levels of evidence. The website also contains a
clinician’s handbook and education modules that are tailored to
clinicians at various stages of training. The availability of such
knowledge products/tools has affected how stroke rehabilitation is
organized and implemented in Canada.20
The EBRSR has aided in identifying the strength of the
evidence for stroke rehabilitation, revealing an extensive and
rich research database with which to inform clinical and policy
decisions. The information contained in the reviews can also be
used to identify areas in need of further research and as a clinical
decision-making tool. For example, the EBRSR has contributed to
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basic standards for stroke rehabilitation care21 and best practice
recommendations in Canada,22 among other guidelines.23-25
ACTION CYCLE: REKAP
Guided by the Graham et al8 action cycle, REKAP involved
examining a number of clinical processes in stroke rehabilitation,
comparing them to best practice guideline recommendations
and where appropriate, attempting to increase guideline
adherence. REKAP took place on a stroke inpatient rehabilitation
unit within a freestanding rehabilitation hospital in Southwestern
Ontario, Canada. The 26-bed unit serves individuals with stroke
or neurological conditions that require comprehensive and
intensive rehabilitation services by an interdisciplinary team. This
section describes the methodology used for the project and
provides real-life examples of knowledge translation efforts. For
this article, elements of REKAP have been placed into a stage of
the action cycle for which they were deemed best suited; however,
the cycle is a fluid process with continuous overlap between
stages.
IDENTIFY PROBLEM
The action cycle begins with identifying a problem (the gap
between what is done and what should be done) and acquiring
knowledge that may be useful in addressing the problem. Stroke
CPGs have become an important tool for standardization of care
by providing direction on the parameters of care.24 Studies have
shown a relationship between adherence to prescribed guidelines
and improved patient outcomes26-28; however, successful adherence to CPGs is dependent on active implementation strategies,29
although they are typically disseminated using passive methods.30
Regardless, compliance with best practices is important in
providing optimal care.
To identify gaps between best practices and actual practices on
the rehabilitation unit, the 2010 Canadian Best Practice Recommendations for Stroke Care24 were reviewed; only recommendations that were written in an objective and measurable way were
selected. From these, areas that were felt to be pertinent to stroke
rehabilitation were chosen. Based on the selected recommendations, an abstraction form was developed and a retrospective audit
of inpatient charts was conducted. For many recommendations,
adherence was straightforward and could be assessed using “yes”
or “no” responses (e.g. was a depression screen completed) or
by recording assessment scores (e.g. scores for the Montreal
Cognitive Assessment). For other items, the abstraction was
individually tailored. For example, the evaluation of hypertension
management included the extraction of all documented blood
pressure (BP) readings and changes to antihypertensive medications for each day a patient was present on the unit. Each medical
chart was reviewed in its entirety by two independent and trained
abstractors. Results from each abstractor were compared;
conflicting results were resolved by the third abstractor. Our audit
strategy was in line with the requirements of other health care
institutions; if a task was not documented, it was assumed not to
be completed.31 To measure adherence in certain areas, there was
a need to obtain data from existing hospital databases. For
example, therapy-intensity data were gathered from the Infomed
Development Corporation’s software, Promiso (Comox, British
Columbia, Canada), a system used to document amount of
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individual therapy time spent with patients by various clinicians
and associated aides.
The initial audit examined multiple aspects of stroke rehabilitation including the assessment and management of depression,32
cognitive screening and assessment,33 bladder management,
intensity of therapy,34 benzodiazepine use,35 and the management
of hypertension. These will be used as examples to highlight
various stages of the action cycle. Abstracted data were entered
into a database and served as the baseline level of adherence.
Although the guidelines do state what should be done in clinical
practice, 100% adherence to a guideline may not be feasible
because of exceptional cases or resources. Therefore, acceptable
minimums should be determined based on clinical judgment;
these standards should be used as an acceptable level of adherence. For example, a minimal level of adherence was established
for hypertension management. The number of days that BP was not
recorded and the number of patients who experienced hypertension
(BP ≥140/90 mmHg) were calculated. It was determined that if a
patient remained hypertensive for 3 consecutive days, the third and
all subsequent days without a medication change or indication that
the patients medications were reviewed were considered “untreated
days.” When adherence to a recommendation was low, it was
deemed a “care gap” or a “knowledge-practice gap,” thereby
identifying problem areas.
ADAPT KNOWLEDGE
Adapting knowledge is a process that involves making decisions
with the current clinical setting in mind regarding the value, utility,
and appropriateness of the findings.8 The knowledge-practice gaps
identified in the initial audit were discussed with the leader of the
stroke rehabilitation unit, the stroke council, and the clinicians on the
unit (i.e. physiatrists, occupational therapists, physiotherapists,
speech language pathologists, nurses, residents, and dieticians). In
our setting, the research and rehabilitation teams collaboratively
reviewed the audit findings to prioritize the knowledge-practice
gaps. To do so, the team considered: (1) the impact the guideline had
on patients and their caregivers, (2) the value of the guideline itself
including supporting scientific evidence, and (3) the ability of the
team to increase adherence within the current system given its
inherent limitations.
For each knowledge-practice gap, a multidisciplinary working
group was established. Working groups consisted of a stroke coordinator, researchers, and other clinicians depending on the guideline
of interest. Specific clinicians, selected based on the knowledge
translation (KT) strategy, acted as knowledge brokers. Knowledge
brokers are invaluable to KT strategies because they often act as the
bridge between researchers and clinicians and are useful in dissolving tension and encouraging timely uptake of scientific evidence.36
ASSESS BARRIERS
Barriers could be related to the knowledge that is being
implemented, the knowledge users themselves, or the setting.8
Cabana et al37 identified 293 barriers to physician guideline
adherence. Given that barriers have been found to vary across
centres37 and clinical disciplines,38 it was imperative that the
perceived barriers for each care gap were identified before a
strategy was developed. REKAP used, most commonly, informal
discussions with the clinical team to identify barriers to guideline
adherence. Discussions included the relevant clinicians, members
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of the research team, and administrative personnel. The researcher
facilitating the discussions used prompts to ensure that both
barriers and facilitators pertaining to all aspects of care were
considered. The prompts were broad categories of types of barriers
(e.g. administrative, clinical, financial, resources, documentation,
environmental) and were developed based on relevant literature.
For some care gaps, such as the assessment and management of
depression,32 staff questionnaires were also used to assess guideline
awareness and personal opinions regarding the importance and
feasibility of depression screening.
Common barriers noted in the health care literature include
lack of time, staffing issues, training/education, therapy selection,
and prioritization, equipment, and team dynamics.11,38-40 These
barriers were identified within the REKAP study as well. In
addition, there was found to be a lack of awareness that stroke
guidelines even existed during REKAP32 and incongruences
between what the guideline suggested versus what was done in
practice based on clinical and personal opinion. Finally, charting
practices were said to not be an accurate reflection of what had
been done on the unit.
Although barriers can stem from the level of an individual
practitioner, other barriers may be a result of systemic pitfalls.
In discussing potential reasons behind low comprehensive cognitive assessment rates after stroke, McClure et al33 suggested that
factors related to poor guideline adherence may include limitations of screening tools themselves, lack of necessary resources,
and the lack of evidence-based interventions available for patients
with cognitive impairment. From a research and management
perspective, certain guidelines were found to be too vague in their
wording to be evaluated; consequently, there was less accountability for these types of guidelines.
IMPLEMENTATION
This phase of the action cycle includes both the planning and
execution of a strategy to facilitate knowledge uptake. The joint
collaboration between the research and the rehabilitation team
allowed strategies to be created and implemented without sacrificing the routine responsibilities on the unit. As noted previously,
multidisciplinary working groups were established and were key
to overcoming existing barriers; these groups were essential in
ensuring that the strategies were clinically relevant, adhered to
best practices, aligned with appropriate professional accrediting
bodies, and were feasible to implement on the unit (e.g. with
existing staff, resources, equipment). The interventions were
multifaceted and included educational components (e.g. information sessions, case studies), alterations to documentation
practices, trial periods, active reminders, and real-time feedback.
Multifaceted protocols have been shown to be most effective,41
and leadership has been shown to be the main predictor of how
quickly a strategy permeates through an organization.42 Our
intervention protocols were facilitated by strong management
involvement, open communication, and direct accountability,
which facilitated the successful uptake of the knowledge translation strategies.
Implementation strategies were unique for each evidence-care
gap identified. To illustrate one specific example, the management
of hypertension will be discussed. Two senior Registered
Nurses acted as the champions of change. The nurses offered their
clinical expertise and also acted as the liaison between the
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working group and nursing staff to develop “buy in” and ensure
fluid communication throughout the process. Using nursing
champions helped to facilitate nursing staff to change practices
and adopt evidence-based recommendations. This was important
because an inability to change procedures is a commonly perceived barrier to using research from a nursing perspective.43
During REKAP, the two nurse champions developed clear
objectives for BP management to be followed by the nursing staff.
Modifications were made to existing BP monitoring flow sheets to
provide visual cuing with regard to normal BP ranges for patients,
including adjusted targets for diabetic patients. Clinical education
using 30-minute in-services were provided in which staff received
instruction on stroke rehabilitation guidelines, the new protocol,
practical application, and case studies. For any staff unable to
attend, the material was reviewed individually with one of the
project champions. Reference material, such as standard doses
and side effects, for antihypertensive medication in the hospital
formulary was synthesized into a single page and placed within
patient charts for easy accessibility.
MONITOR
Monitoring allows for the provision of feedback regarding the
extent to which a new strategy is incorporated into practice.8
On our stroke rehabilitation unit, once an intervention strategy
was developed, it was trialed for a 6-week period. As necessary,
the strategy was modified to accommodate the dynamic nature of
the rehabilitation unit and the fluidity of the KTA cycle.
During this trial period, random real-time audits were conducted
to assess whether guideline adherence had improved. Sporadic
on-unit audits were conducted by research staff using the bedside
medical charts. This “just-in-time feedback” was used to identify
issues of noncompliance and increase accountability. The results
of these audits were presented to clinicians and management to
maintain transparency and encourage open communication.
The clinicians and management were then able to offer direct
feedback that was timely, individualized, nonpunitive, and
customizable.44 This 6-week timeframe sufficiently allowed for
the protocol to be trialed and modified based on feedback from
staff. If additional modifications were necessary, the trial period
was extended. Following the trial period, the official protocol was
implemented.

EVALUATE
The evaluation phase aims to determine if a change initiative has
actually made an impact on outcomes.8 Successful outcomes can
take the form of a change in attitude, behavior, and/or knowledge,45
or as a change at a structural, process, and outcome level.46 The
primary outcome of REKAP was improvement in adherence to best
practice recommendations for stroke rehabilitation; therefore,
guideline adherence was reassessed using a second retrospective
chart audit conducted approximately 6 months after the implementation of the each guideline adherence strategy.
In evaluating REKAP strategies, the second audit showed
depression screening (originally 4.9%)32 increased to more than
40%; because of a lack of baseline data assessing how many patients
had a true diagnosis of depression, the evaluation of whether this
protocol resulted in improved treatment is unknown. Benzodiazepine use decreased from 25% to 12.5%. For hypertension management, the number of patients with unrecorded BP days was
significantly lower in the follow-up audit (p < 0.001) compared with
the baseline audit (Table 1). The mean number of unrecorded BP
days was also reduced significantly (p = 0.013) from the initial audit
(4.9 ± 4.7 days) to the follow-up (1.3 ± 0.5 days). Other areas
evaluated, such as bladder management, did not show significant
improvements when evaluated, and require continued efforts to
improve adherence rates. It appeared that strategies focused on a
single discipline (e.g. nursing) were most successful.
SUSTAIN
The sustainability of the cycle is driven by continuous feedback from one stage of the cycle to another.8 As new barriers arise,
new care gaps and new evidence is identified which requires
constant modification of the intervention strategies. The need for
frequent feedback is not only driven by external factors such as
health care funding models and resource allocation, but also by
internal factors such as stagnation in the motivation for change
and the containment of change initiatives to specific units.47
REKAP embedded strategies for sustainability within each
stage of the action cycle. All strategies were created collaboratively with staff members while keeping the local context in mind.
Changes were made to staff orientation packages so that all new
team members were aware of unit expectations. Existing staff
members were involved by being educated and engaged

Table 1: Comparison of findings between the initial and follow-up audit
Initial audit N (%)
Monitoring
2 BP readings recorded per day, everyday
≥1 unrecorded day (no BP recorded)

Follow-up audit N (%)

n = 120

n = 118

p value

0 (0.0)

31 (26.3)

<0.001

107 (89.2)

11 (9.3)

<0.001

88 (73.3)

102 (86.4)

Identified hypertension
≥1 hypertensive day

0.015

Management of hypertensive patients

n = 88

n = 102

Patients on antihypertensive medications

78 (88.6)

95 (93.1)

0.316

≥1 untreated day

46 (52.3)

47 (46.1)

0.467

≥1 medication change

44 (50.0)

41 (40.2)

0.190

BP = blood pressure.
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throughout the process to instill confidence in the process.
Organizational culture is essential to sustainability, and when organizations provide continuous education, encourage collaborations,
and incorporate guidelines into policies and procedures, adherence
to evidence-based medicine is more likely to occur.42
DISCUSSION
The EBRSR uses a well-validated methodology and has proven
to be critical infrastructure in Canada for ensuring an up-to-date,
comprehensive evidence-based platform for continuing efforts
toward moving best evidence into practice in stroke rehabilitation.
REKAP used an audit-feedback method that followed the action
cycle of the KTA process. It is a system for identifying, prioritizing,
and guiding clinician behaviour and has successfully improved
adherence to best practice recommendations on a single stroke
rehabilitation unit in Southwestern Ontario, Canada. Through a
retrospective audit, care gaps in many facets of stroke rehabilitation
were identified by recommendations developed and promoted by
the Canadian Best Practice Recommendations for Stroke Care.24
The application of this framework has significantly and positively
influenced clinical practice and patient outcomes; its use is
encouraged in other centres to facilitate an equivalent cycle of
change. Although the strategies need to be individualized to the
centre where they are being implemented, the overall KT framework can be easily used to evaluate the use of evidence-based
medicine across other stroke units as well as in other populations.
Throughout this process, it has become clear that there must
also be a concerted effort to ensure that guidelines themselves are
both comprehensive and prescriptive. Recommendations that are
nonspecific and vague contribute to lower compliance rates
among staff members because they are too difficult to apply48 and
challenging to measure. An additional consideration when
evaluating adherence is whether the requirement is applicable and
pragmatic to all patients. The discrepancy between standards of
care and best practices may reflect differences between an
“acceptable minimum standard” and “optimal care.”49 Evidently,
this audit feedback process is not only promising in terms of a
knowledge translation initiative but reciprocally, it is also a
valuable exercise in identifying limitations in CPGs and the way
research findings are translated into clinical practice.
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