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Abstract

Background: Audit and feedback (A&F) is a widely used implementation strategy. Understanding mechanisms of
action of A&F increases the likelihood that the strategy will lead to implementation of an evidence-based practice.
We therefore sought to understand one hospital’s experience selecting and implementing an A&F intervention, to
determine the implementation strategies that were used by staff and to specify the mechanism of action of those
implementation strategies using causal pathway models, with the ultimate goal of improving acute stroke
treatment practices.

Methods: We selected an A&F strategy in a hospital, initially based on implementation determinants and staff
consideration of their performance on acute stroke treatment measures. After 7 months of A&F, we conducted
semi-structured interviews of hospital providers and administrative staff to understand how it contributed to
implementing guideline-concordant acute stroke treatment (medication named tissue plasminogen activator). We
coded the interviews to identify the implementation strategies that staff used following A&F and to assess their
mechanisms of action.

Results: We identified five implementation strategies that staff used following the feedback intervention. These
included (1) creating folders containing the acute stroke treatment protocol for the emergency department, (2)
educating providers about the protocol for acute stroke, (3) obtaining computed tomography imaging of stroke
patients immediately upon emergency department arrival, (4) increasing access to acute stroke medical treatment
in the emergency department, and (5) providing additional staff support for implementation of the protocol in the
emergency department. We identified enablement, training, and environmental restructuring as mechanisms of
action through which the implementation strategies acted to improve guideline-concordant and timely acute
stroke treatment.
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Conclusions: A&F of a hospital’s acute stroke treatment practices generated additional implementation strategies
that acted through various mechanisms of action. Future studies should focus on how initial implementation
strategies can be amplified through internal mechanisms.
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Background
Evidence-based interventions are sometimes slow to
translate into routine clinical practice. The field of im-
plementation science aims to decrease this time frame
by using systematic approaches to improve uptake of
evidence-based practices [1].
One component of a systematic approach based on

tools from implementation science is implementation
mapping, the process of selecting one or more imple-
mentation strategies based on identified barriers and fa-
cilitators, or determinants, to implementation success
[2]. Methods for aligning a specific determinant to a spe-
cific implementation strategy are evolving. Improved un-
derstanding of how implementation strategies effect
their outcomes will facilitate selection of the most ap-
propriate implementation strategies for a particular de-
terminant. Causal pathway models propose the
mechanism of action by which implementation strategies
effect their outcomes and may also specify factors that
influence or are important for implementation [3]. Spe-
cification of implementation strategies leads to improved
understanding of why a particular strategy is effective
and in what circumstances it is effective, therefore con-
tributing to the success of implementation efforts.
One implementation strategy that has been widely

used in the clinical realm is audit and feedback (A&F).
The focus in A&F implementation research has often
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been to evaluate whether it increases implementation of
the evidence-based practice, rather than focus on the
mechanism by which it leads to successful implementa-
tion. One theory about A&F specific to the implementa-
tion of healthcare-related behaviors is the Clinical
Performance Feedback Intervention Theory (CP-FIT)
which proposes that A&F acts through a feedback cycle
which results in the optimization of individual patient
care or modification of care delivery across the
organization [4]. These patient- and organizational-level
changes may lead to improved clinical performance. In
essence, A&F can foster the development of additional
implementation strategies. Specifying the mechanism of
action of these further implementation strategies can fa-
cilitate their translation to similar clinical settings or re-
finement to enhance their impact.
The objective of the current research was to identify

the implementation strategies that were developed by
clinical teams, rather than by researchers, as a result of
using A&F as an initial strategy to increase implementa-
tion of evidence-based acute stroke treatment. In this
study, we investigate the implementation of tissue plas-
minogen activator (tPA) in the emergency department
(ED) for acute stroke treatment. Patients treated with
tPA are at least 30% more likely to have minimal or no
disability at 3 months compared with patients who are
not treated [5]. Since faster treatment is associated with
less disability, treatment with tPA within 60 min of hos-
pital arrival is a stroke quality metric recommended by
the American Heart/Stroke Association [6]. Despite that
tPA was approved by the United States Food and Drug
Administration (FDA) for acute stroke treatment in
1996, national rates of tPA use are only 4.2% on average
[7]. In this context, we used A&F as an implementation
strategy to increase tPA use in the emergency depart-
ment of a hospital in Flint, Michigan. We sought to
identify implementation strategies that were developed
by clinical teams as a result of A&F delivery and specify
their mechanisms of action.

Methods
Setting
The study was conducted at a hospital in Flint, a pre-
dominantly African American city. Flint, Michigan has a
tPA use rate well below the national average. We de-
scribe the systematic process used by the research team
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and the responses by clinicians and administrators
within the hospital.

Determinant assessment
Guided by the Tailored Implementation for Chronic
Disease (TICD) [8], the research team (for the remainder
of this report, we refer to the research team as “we”) per-
formed 15 interviews with Emergency Department pro-
viders [9]. In order to focus the interview guide into a
subset of TICD domains, we conducted 2 workshops
attended by vascular neurologists, ED physicians, ED
and neurology nurses, stroke program directors, and the
research team. The interview guide was then written by
a stroke neurologist with experience in qualitative re-
search (LS) and an implementation researcher (AS). Cre-
ation of the interview guide was an iterative process with
collaboration between LS and AS until a consensus was
reached (see Additional file 1). We selected interview
participants by purposive sampling of providers caring
for acute stroke patients in different clinical roles, set-
tings, and leadership positions. Participants from the
purposive sample suggested up to 3 potential partici-
pants who they thought could provide insight into tPA
treatment. The stroke neurologist LS, who had no prior
relationship with the participants and who does not
practice at the hospital, conducted the interviews. Mem-
ber checking and peer debriefing were performed to en-
hance trustworthiness of the data.

Prioritization and strategy selection
We presented these results to the 12-member acute
stroke leadership team who formed a smaller task force
to review the results in more depth and determine a re-
sponse. The multidisciplinary task force was comprised
of the lead stroke neurologist, stroke and neuro-ICU
nursing leadership, and a hospital administrator who
reviewed the identified determinants and discussed pos-
sible implementation strategies to address the locally
identified gaps. The discussion was guided by the APEA
SE criteria: affordable, practical, effective, acceptable,
safe, and equitable [10]. Each member was given a work-
sheet that listed implementation strategy options includ-
ing feedback reports, restructured consent forms for
stroke treatment, creation of an acute stroke team, nom-
ination of a stroke champion, and improving documen-
tation of the last time the stroke patient was known to
be well (which is the time used as the basis for treatment
decisions). Each member was asked to score each imple-
mentation strategy from 1—strongly disagree to 5—
strongly agree on each of the APEASE criteria (see Add-
itional file 2). The absolute scores were discussed and
used to spur conversation regarding prioritization, but
were not used as a quantitative assessment. The decision

of which implementation strategy to move forward was
ultimately determined by consensus.

Creation of the feedback report
We worked with the task force to design the feedback
report, which was then reviewed and suggestions for im-
provement were made by the acute stroke leadership
team. We place our feedback report in the context of
the CP-FIT theory [4], which formulates high-
confidence hypotheses about the factors contributing to
the success of feedback in implementation of evidence-
based practices. Our feedback report incorporated the
feedback variables defined by the CP-FIT theory, includ-
ing a defined goal, appropriate method of data collection
and analysis, and an effective feedback display and
means of delivery. The goal of the A&F strategy was to
optimize acute stroke care processes, as measured by a
reduction in the time from ED arrival to tPA treatment.
The broader goal was that optimizing acute stroke care
processes would ultimately increase tPA use and in-
crease hospital stroke awareness. These were recognized
as achievable goals by the acute stroke leadership team.
The feedback reports leveraged data from the electronic
medical record that were already being collected for an-
other purpose and could be produced internally, without
the involvement of the research team. See Additional file
3 for description of the development of the A&F report.
Each feedback report stated the guidelines for tPA ad-

ministration. They included tPA treatment rates and
time-critical tPA delivery process measures aggregated
over 3-month intervals. It was necessary to aggregate the
data over the previous 3 months to provide stability to
the data due to the low number of tPA cases and high
variability in patient factors. Performance data about
tPA treatment rates and tPA delivery process times were
displayed in easy-to-read line and bar graphs with per-
formance in the current quarter compared with previous
quarters. Since tPA treatment is a team effort, perform-
ance was summarized across all ED provider types (phy-
sicians, nurses, medical techs). Feedback reports were
emailed to all levels of ED providers and discussed
monthly at ED nurse and medical technician huddles
and ED physician meetings and the monthly acute
stroke leadership team meeting (example of a feedback
report is provided in Additional file 4). The research
team generated feedback reports monthly over 10
months (October 2017 to July 2018) that were dissemi-
nated by the hospital. In December 2018, the A&F re-
ports were transitioned to the hospital team.

Qualitative interviews
Seven months after initiating A&F, we began to conduct
semi-structured interviews of hospital providers to iden-
tify perceptions of A&F and the mechanism of action
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whereby A&F led to changes in delivery of tPA for acute
stroke in the ED. We identified the implementation
strategies other than A&F employed by hospital staff
over the previous 6 months, which were initiated by in-
dividuals within the hospital, not by the research team.
The interview guides were grounded in implementa-

tion frameworks including the Capability, Opportunity,
Motivation, Behavior (COM-B) model, Theory of
Planned Behavior, and Theoretical Domain Framework
(TDF) [11–13]. We chose these frameworks because
these are theories of behavior change which can be ap-
plied to achieve our overarching goal of increasing im-
plementation of acute stroke treatment practices. The
interview guide was reviewed iteratively by the research
team and modified accordingly for a total of 11 ques-
tions (see Additional file 5).
Interviews with 8 emergency department providers

and 2 members of the administrative staff were con-
ducted by a stroke neurologist (LS) between May and
July of 2018, each lasting a mean of 20 min (± 5 min).
The stroke neurologist LS has experience in semi-
structured interviewing of research participants and has
taken courses in qualitative research methods [9, 14, 15].
As the primary investigator of the research, LS had
meetings with ED leadership to obtain buy-in for the re-
search. LS had not previously partnered with ED leader-
ship or staff on other research projects and was
therefore considered to be a neutral interviewer having
no relationship with the interviewees. Ten interviews
achieved thematic saturation. Interviews took place at
the hospital, typically during participant breaks in per-
forming clinical care or administrative responsibilities.
All interviews were recorded and transcribed. This study
was approved by the University of Michigan’s Institu-
tional Review Board. Participant consent was obtained.
This study conforms to the Standards for Reporting
Qualitative Research (see Additional file 6).

Data analysis
Coding strategy
The purpose of qualitative analysis was to explore how
A&F was used to improve acute stroke care. We used
the framework method to analyze the data. Specifically,
two research assistants (NI, CM) reviewed interview
transcripts and used open coding, underlining text rele-
vant to understanding how audit and feedback led to the
implementation of acute stroke treatment. After inde-
pendently coding the transcripts, the 2 research assis-
tants met to develop a mutually agreed upon analytical
framework using Michie’s Behavior Change Wheel [11]
as a guide. If unable to reach consensus, LS resolved dis-
crepancies. The data were charted with the implementa-
tion strategy as the heading, followed by quotes
supporting that implementation strategy and the

corresponding intervention function from Michie’s Be-
havior Change Wheel. We conceptualized each imple-
mentation strategy as an intervention. Thus, the
intervention function from the COM-B system repre-
sented the mechanism by which an implementation
strategy led to outcomes.

Overview of data analysis
Our coding of the interview transcripts enabled us to de-
fine implementation strategies and mechanisms of action
for those strategies. Based on the identified mechanisms
of action, we built causal pathway models that describe
the pathway through which each implementation strat-
egy achieved its distal outcome of tPA delivery. We then
reviewed the data in the context of the CP-FIT theory as
a framework to understand how the A&F reports may
have led to the generation of implementation strategies
by the hospital team. These steps in data analysis are
further described below.

Step 1: implementation strategies We followed the
guidance of Proctor et al. [16] to define the implementa-
tion strategies. Specifically, we name, define,
operationalize, and specify each implementation strategy
in terms of the people carrying out the strategy (the
actor), the intended target (action target), the dose, and
the outcomes affected (Table 1). We verified the imple-
mentation strategies with the participants using synthe-
sized member checking.

Step 2: causal pathway model We defined the mechan-
ism of action of each implementation strategy as the
intervention function that emerged from qualitative cod-
ing of interviews. We then built causal pathway models
by linking each implementation strategy through its
mechanism of action to proximal and distal outcomes
(Fig. 1 Causal pathway model). Proximal outcomes were
defined as the measurable effect of implementation strat-
egies based on our analysis of participant interviews. For
distal outcomes, we hypothesized the effect of the prox-
imal outcome on tPA administration. For preconditions
and moderators, we hypothesized factors that might in-
fluence the mechanism of action and proximal outcome.

Step 3: how feedback reports led to implementation
strategies We used the CP-FIT theory to propose how
the A&F reports may have led the hospital team to gen-
erate the additional implementation strategies.

Results
Outcome of determinant assessment
We identified that guideline factors, individual health
professional factors, and patient factors were barriers to
guideline concordant acute stroke thrombolysis [9]. The
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task force concluded that addressing guideline factors
were most important, specifically that staff were not
aware of the established standards for acute stroke treat-
ment times, and individual health professional barriers,
namely that feedback was given to leadership but was in-
consistently given to the team that treated the patient
and was not distributed consistently to direct care pro-
viders. A powerful persuasion point in the task force’s
decision to use A&F reports was the specific request of
their providers for feedback, that established guidelines
for acute stroke treatment would be written on feedback
reports and the belief that A&F was the first and most

cost-effective step in comparison with any of the alterna-
tive strategies. Strategies that were not selected included
restructuring of consent forms for acute stroke treat-
ment to facilitate doctor–patient communication; how-
ever, tPA refusals were thought to be rare in their ED.
Other strategies were to create a new acute stroke team,
similar to the trauma team that was already in place, or
a stroke champion to respond to the acute stroke, but
these strategies were thought to be too costly. Finally,
we considered improved documentation of when the pa-
tient was last known to be normal (assessing the time of
stroke onset) to ensure potential patients were screened

Table 1 Implementation strategies to improve acute stroke care measures

Implementation
strategy

Definition of strategy Specification of strategy Outcomes affected

Action Actor Action
target

Dose
(frequency)

1. Detailed stroke
care protocols in
the ED

Provision of guidelines
and instructions on how
to implement stroke care
readily available in ED

Develop and
disseminate stroke care
protocols in the ED

ED supervisor ED
providers

Ongoing Standardize stroke care, improve
quality of care, reduce time to
acute stroke treatment,
guideline-concordant tPA use

2. Stroke care
education and
tPA competency
training

Education of staff on
stroke protocols and
guidelines and provision
of interactive training on
tPA administration

In-person group training
on stroke protocols and
tPA administrate-on

ED providers,
nurse
educators
(doctors,
nurses)

ED
providers
(doctors,
nurses)

annual Improve quality of care via
increased awareness and
familiarity with stroke protocols
and self-efficacy with tPA admin-
istration, guideline-concordant
treatment

3. Modification of
the timing of CT
brain imaging in
acute stroke care

Taking the patient
directly to the CT scanner
upon hospital arrival

Routing patient to the
CT scanner immediately
on arrival

ED
administrators

ED
providers

Ongoing Reduce time to acute stroke
treatment (door-to-needle time)

4. Increased
access to tPA in
the ED

Storage of tPA in the ED Storing tPA in the
automated dispensing
cabinets in the ED

Pharmacy ED nurse Ongoing Reduce time to acute stroke
treatment

5. Additional staff
to support
implementation
of acute stroke
care protocols

Supporting actions of ED
staff during an acute
stroke care protocol

Supporting behavior of
ED staff during an acute
stroke care protocol and
providing assistance
when needed

Stroke
program
manager,
senior nurses,
trauma nurse

ED staff
involved
in acute
stroke
care
protocol

Ongoing Increase fidelity of
implementation of acute stroke
care protocols to improve quality
of care, timeliness of tPA
treatment

ED emergency department, tPA tissue plasminogen activator, CT computed tomography

Fig. 1 Causal pathway model
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for eligibility for acute stroke treatment, which is a
stroke treatment quality metric. This strategy was felt to
have low effectiveness by the task force.

Feedback reports motivated action planning
The feedback reports informed hospital providers about
their acute stroke treatment times and rates. Awareness
of deficiencies in their performance led to hospital staff
and leadership meetings to devise strategies for improve-
ment. Internal motivation for development of these
strategies came from goal setting, teamwork, and sup-
port from leadership. The feedback reports served as a
reminder to ED staff of the goal of decreasing stroke
treatment times, motivating them to find ways to achieve
that goal. As stated by one ED staff member about rea-
sons for perceived faster stroke treatment times,
“...partly I think is like the feedback that we’ve been doing
and getting from you guys at U of M and then also like
going over, like I present like we had 4 thrombolytics
[tPA] administrations and these were our times and
there were the delays and these were the reasons for the
delays. Just so like everyone knows that it’s like something
that’s being measured and it’s somewhat of a like…it
needs to be a priority, and you have to move things and
you have to move fast.” Meetings were also a forum to
reinforce the goal of improving stroke treatment times
and to foster the spirit of teamwork, as exemplified by
the following quote:
“I think all the way from our ED operations meeting

down to our management meeting to the ED nursing, I
think we all knew the objective and goal right from the
get-go from our stroke meetings. And I think knowing the
vision, the strategic plan to it, I think we all just kinda
jumped on board.”
Hospital leadership and senior ED clinical leadership

worked together with ED providers to support imple-
mentation strategies, as the following quote illustrates
from a senior nurse manager regarding senior ED clin-
ical providers’ support of acute stroke protocols “I think
there’s a lot of support from, you know, senior leaders all
the way down that this is something huge, something
that’s right for our patients, and I believe the physicians
feel very supported.”

How feedback reports led to implementation strategies
The five implementation strategies that hospital staff
generated independently of the research team arose out
of the feedback reports as follows:
The feedback reports stimulated the feedback recipi-

ents to assess whether the goal of feedback was achiev-
able and within their control. Specifically, hospital staff
evaluated whether the goal of increasing the amount and
speed of tPA delivery could be achieved. Hospital staff
realized that they needed additional training in how to

deliver tPA and access to tPA in the ED. According to
one ED staff member about their need for training on
giving tPA, “not everyone I don’t think was very well edu-
cated in tPA and the dosing and everything…. So every
year, we have to show that every staff member knows
how to mix the tPA, set it up on the [intravenous] pump.”
One ED staff member commented about their lack of fa-
miliarity with how to access tPA “like the first stroke we
had, it’s like, oh, where do we get the tPA? Do we wait
for that to come from Pharmacy, what are we doing,....”
The feedback reports stimulated hospital staff to re-

flect upon their current stroke processes and compare
their current processes to other institutions, which
served as an external source of motivation for action
planning. They learned of other institutions’ protocols
during EMS quality improvement meetings attended by
representatives of each hospital in the county. According
to one senior nurse manager, “so we knew [local hospital
x] was doing it [creating stroke protocols]. And then
[local hospital y] was getting ready…well, because they
all sit on the [EMS quality improvement council].” Fur-
ther comments from the senior nurse manager explains
their motivation to develop stroke protocols, “so I think
the big driver, honestly, looking back when we started
piloting the program was frankly [2 local hospitals] are
setting up these protocols, and we’re gonna be left behind
if…we’re not gonna keep up with the community stan-
dards if we don’t do something similar, and then I think
ultimately it just makes sense.” They identified that there
was a need to create a protocol for acute stroke care.
“So, like when it first started or even before then, it was,
oh, we have a stroke. Well, what…nobody knew what do
you do with a stroke.” They also obtained ideas for
organizational change from the protocols of other insti-
tutions as this quote from an ED clinical leader illus-
trates: “So, in looking in other peoples’ data, it seems that
it made more sense to get them [stroke patients] directly
to CT so that the timing is, you know, much shorter.”

Implementation strategies
We identified five implementation strategies that were
implemented by hospital staff after initiation of A&F:
stroke protocols, stroke care education and tPA compe-
tency training, timing of head computed tomography
(CT), increased access to tPA in the emergency depart-
ment, and support for tPA delivery. The implementation
strategies were focused on raising awareness around the
time-sensitive nature of stroke treatment as well as
implementing guideline-concordant stroke treatment.
The implementation strategies are named, defined, and
specified in Table 1. All implementation strategies were
directed towards ED providers and the organization. We
describe each individually:
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Strategy 1: detailed stroke care protocol folders
located in the Emergency Department Stroke adminis-
trative staff and clinical leaders created folders with de-
tailed step-by-step protocols for delivering acute stroke
care in the ED. These folders were placed in the ED with
other protocols in a high-volume common area to in-
crease accessibility.
The purpose of this implementation strategy was

for staff to use the folder as a detailed, step-by-step
guide/checklist of where to find tPA and how to ad-
minister it. We hypothesize that providing detailed
stroke care protocol folders in the ED used the mech-
anism of enablement by enhancing provider psycho-
logical capability to think through the steps necessary
to administer tPA, which led to increased use of the
protocol folders and resulted in the outcome of
guideline-concordant tPA use.
The causal pathway model for the implementation

strategy of detailed stroke care protocol folders is
depicted in Fig. 2.
According to one ED staff member about the stroke

protocol, “When you’re educating, training somebody,
you’re like, oh, so here’s our list of protocols, our list of,
you know, the different folders that we have… We have
one for the [acute stroke care protocol], which is our
stroke,..… So everybody is aware that there is information
there to get even if you’re not the one that has the
information.”
Evidence supporting that stroke care protocol folders

increased psychological capability is exemplified by the
following quote: “Like there’s a book that we go to when
we need to find out, you know, what needs to be done.
So, that’s works so it’s not everybody running around go-
ing, hey, do you remember how to do this, do you remem-
ber how to do this.”

Strategy 2: stroke care education and tPA
competency training One of the ED quarterly compe-
tency training sessions was devoted to stroke care proto-
cols and tPA administration. ED nurses and providers
were trained on how to implement the acute stroke care
protocol. ED nurses were educated on tPA dosage ad-
ministration based on body weight and how to program
the intravenous pump. ED nurses were instructed on
when and where during acute stroke care to retrieve tPA
and patient monitoring after tPA administration. Infor-
mation disseminated during annual training was rein-
forced during daily 6-min staff ‘huddles’/ meetings at the
beginning of each ED shift.
We hypothesize that through training on stroke care

and tPA, ED providers increased their knowledge and self-
efficacy in providing guideline-concordant tPA treatment.
The causal pathway model for the implementation

strategy of stroke care education and tPA competency is
depicted in Fig. 3.
One ED staff member stated, “Quarterly competency. We

were just trying to show like... Joint Commission or CMS
[Centers for Medicare and Medicaid Services] and improve
staff knowledge.... and comfortability that we were gonna do
quarterly competencies.…So part of the quarter competency
that I added for the ER was doing the tPA and stroke.”
With respect to the influence of training, one staff

member stated “I remember when I first started, when
you had to give tPA, it was like a huge, scary thing, so be-
ing more familiar with it has definitely made you more
comfortable giving it I guess.”

Strategy 3: modification of the timing of computed
tomography (CT) brain imaging in acute stroke care
A protocol was put in place to take stroke patients dir-
ectly from the ambulance to the CT scanner upon

Fig. 2 Causal pathway model for implementation strategy of detailed stroke care protocol folders
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hospital arrival. ED providers were more consistently no-
tified by emergency medical services (EMS) about stroke
patients en route to the hospital. An acute stroke notifi-
cation was then sent to all hospital personnel involved in
stroke care, informing that a stroke patient was en route.
The CT scanner would then be available for the stroke
patient upon his/her arrival. As a CT scan must be ob-
tained and reviewed before administering tPA, this
protocol aimed to increase the speed of tPA delivery.
We hypothesize that taking the patient directly to the

CT scanner upon arrival to the ED was a new protocol
that accomplished the function of environmental re-
structuring, reducing the time to obtain CT imaging and
increasing the timeliness of tPA administration.
The causal pathway model for the implementation

strategy of modification of the timing of CT brain im-
aging in acute stroke care is depicted in Fig. 4.

According to an ED provider, “Well, we implemented
the [pre-arrival acute stroke notification], so we can acti-
vate within the department so that we would get CT scan
ready and the physicians know what’s coming in. That’s
been a big change. I think it really has helped our times
from door to CT [from patient arrival to obtaining CT
scan] and door to tPA [from patient arrival to adminis-
tering tPA] and any further intervention that’s needed.”
The following quotes from 2 senior nurse managers

exemplifies that the feedback report on their tPA treat-
ment times motivated the new direct to CT scanner im-
plementation strategy, “Before they would come in by
EMS, they would go into a room, and then the nurse
would start to triage the patient. Sometimes they would
do the entire triage before a physician would be notified,
you know, and it just muddied up the process” and “We
just noticed that that was a lot of our holdup in our tPA

Fig. 4 Causal pathway model for implementation strategy of modification of the timing of CT brain imaging in acute stroke care

Fig. 3 Causal pathway model for implementation strategy of stroke care education and tPA competency
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times because we have all the data, and getting to CT
was always a problem.”

Strategy 4: increased access to tPA in emergency
department Tissue plasminogen activator, which had
previously been only available at the ED pharmacy, was
stored in automated medication-dispensing cabinets in
the ED; it has to be reconstituted with sterile water prior
to administration. Storing tPA in the ED increased ED
nurses’ access to the medication and eliminated delay in
waiting for pharmacy to deliver the medication.
We believe that storing tPA in the ED was a strategy

that accomplished the function of environmental re-
structuring, thereby enhancing the efficiency with which
tPA could be accessed and the timeliness of tPA
administration.
The causal pathway model for the implementation

strategy of modification of the timing of increased access
to tPA in emergency department is depicted in Fig. 5.
One ED provider stated, “There’s also access to the

tPA, which is much easier now than it was before. There’s
one in each AcuDose [medication dispensing cabinet] in
each of the pods, so we’re able to get that, and I think
that there’s more education so everybody’s kind of on the
same page as far as what we’re doing and when we’re
supposed to be doing it.”

Strategy 5: staff-supported implementation of acute
stroke care protocols When an acute stroke patient is
en route to the ED, an acute stroke notification is acti-
vated. Experienced nurses and physicians assist the ED
team responsible for the acute stroke patient as they
carry out the acute stroke care protocol, providing as-
sistance or verbal reminders about the protocol when
needed.

We hypothesize that support of the acute stroke care
protocol increased the speed and efficiency of protocol
execution through enablement, that is enhancing the
psychological capability of staff to carry out the protocol.
This strategy increased the timeliness of tPA
administration.
The causal pathway model for the implementation

strategy of staff-supported implementation of acute
stroke care protocols is depicted in Fig. 6.
According to one ED provider, “You’re going to see a

bunch of staff members you know go and help, and you
know if there’s new people that are having to administer
tPA, senior staff members are right by their side and
walking them through it.”
The following quote from an ED staff member exem-

plifies how staff support for implementation increases
psychological capability which leads to efficiency of exe-
cution of the protocol for administering tPA: “so every-
body kind of knows what needs to be done, and they plug
themselves in wherever's needed. There's no like, you do
this, you do this, no one's kind of directing. Everybody just
knows. All the senior nurses know what needs to be done
and they fill the holes.”

Perceived outcomes
Overwhelmingly, the participants reported that the im-
plementation strategies improved patient care. For ex-
ample, in regards to the stroke care protocol, one nurse
reported, “Well, it's [tPA protocol packets] working. And
when something works, people will take it more serious. I
don’t know if that's the right way to say, but you know
the system is working so then you stick with it.” Another
nurse similarly reported about the stroke implementa-
tion strategies, “A lot of times we're given systems that
don’t really work. Then we try this, and it doesn’t work
that well. Well, if something works, then you know it

Fig. 5 Causal pathway model for Implementation strategy of increased access to tPA in emergency department
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makes our job easier, it's better for the patient, it'll usu-
ally stick.” This culminated in the perception of im-
proved care, as one ED provider noted, “It seems like
we're getting them [stroke patients] treated more quickly.”
One senior nurse manager uses data provided in the
feedback report as evidence that implementation strat-
egies are resulting in faster stroke treatment times in
stating “So, I think some of the changes that we’ve seen
are system improvements with regards to the delivery of
acute care and thrombolytics, and I think the direct EMS
to CT is then helpful, and certainly the data [from the
feedback reports] would reflect it’s been helpful in de-
creasing our times to thrombolytic administration for pa-
tients that come in through that route.”
The study was underpowered to detect a change in the

primary outcome, namely rate of tPA use. After comple-
tion of the research team-driven feedback report period,
the hospital independently continued creating and dis-
tributing monthly feedback reports.

Discussion
We have demonstrated the process by which hospital
staff initially selected A&F as an implementation strategy
to optimize acute stroke care processes, stimulated by a
determinant assessment conducted by the research team.
Importantly, we have also shown that this initial strategy
facilitated new implementation strategies. Our results
provide insight into the mechanism of action of A&F re-
ports. Our qualitative approach made it possible to iden-
tify these actions.
A&F is an effective means of improving implementa-

tion of evidence-based practices [17], but there is vari-
ability in the effectiveness of A&F which might partially
be explained by a lack of understanding of how it works
[18]. Our study helped to address this shortcoming.
Qualitative methods have been used to identify why

A&F can fail to elicit a behavioral response [19] or to de-
scribe the process of action planning [20]. Our A&F tool
provided feedback to the local hospital about their acute
stroke care performance using national standards as the
benchmark. We emphasize the importance of this ap-
proach as feedback based on national A&F tools have
been shown to be difficult to interpret and apply at the
local hospital level [21–23]. Our study is unique in its
identification of how A&F promotes further implementa-
tion of evidence-based practices through specific pro-
cesses that caused hospital staff to generate new
strategies, independent of the research team.
The key question, then, becomes why did A&F lead to

multiple other interventions in this setting? One explan-
ation is that this commonly occurs, but is not explored
after the implementation of A&F. Another possibility is
that A&F sparked internal and external sources of mo-
tivation. The A&F process stimulated internal sources of
motivation such as teamwork and support from leader-
ship. Goal setting was the initial step to unify hospital
staff towards a common purpose. Once the goal of im-
proving stroke treatment rates and times was defined,
hospital staff and leadership worked as a team to achieve
the goal. One may argue that the goal of increasing
stroke treatment rates and decreasing stroke treatment
times lacked specificity, as neither the research team nor
hospital staff defined quantitatively by how much tPA
rates should increase or treatment times should de-
crease. However, the goal was more specific than ‘to im-
prove’ or ‘do better’. Rather, we used national standards
of tPA treatment as the benchmark for performance
standards. The national guideline of treating stroke pa-
tients within 60 minutes of hospital arrival was displayed
on each feedback report. Consistent with the goal-
setting theory of Locke and Latham [24], hospital staff
were committed to achieving the goal because they

Fig. 6 Causal pathway model for implementation strategy of staff-supported implementation of acute stroke care protocols
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viewed the goal as important and attainable if provided
with the necessary supports. Staff felt supported by hos-
pital leadership who were motivated to understand and
improve their performance and provided the resources
needed to make organizational-level changes. This col-
laboration between leadership and their staff has been
recognized as a successful approach for promoting the
generation of strategies to achieve a goal [24]. Working
as a team with the support of hospital leadership, ED
staff recognized that the implementation strategies im-
proved stroke care.
In addition to internal sources of motivation, hospital

leadership was driven by external sources of motivation
for improving acute stroke care. Hospital leadership
compared their acute stroke care processes with other
hospitals in the region. While the feedback report did
not include comparative data, hospital leadership learned
of other hospitals’ stroke processes during regional
meetings. We propose that the feedback reports in-
creased leadership’s focus on acute stroke processes,
thereby causing them to attend to and learn from the
practices that other clinical sites employ to meet stan-
dards of stroke care. Other research has similarly found
that comparison of a clinical site’s performance to aver-
age peer performance can bridge the information–
intention gap, that is bridge the gap between feedback
and intention to change [25].
Given the success of A&F in stimulating change at the

organization level, the hospital continues to use A&F for
quality assurance; our approach to A&F, which allows
them to continue to generate the feedback reports, en-
ables them to continue the intervention. Consistent with
CP-FIT theory [4], the feedback process, contextual fac-
tors, and characteristics of the recipients of feedback
likely all contributed to the success of the initial and on-
going A&F intervention. Specifically, the emergency de-
partment providers worked in teams towards a common
goal of improving acute stroke care with hospital leader-
ship and staff members serving as champions supporting
implementation efforts, motivated by the information
they received about their performance through the feed-
back reports. The ability of A&F to lead to clinical per-
formance improvement depends on behavior change and
also the motivation and cooperation of key stakeholders
in the feedback process and their ability to act beyond
the initial research team-driven strategy.
Our study suffers from some important limitations.

First, the study setting was a single hospital in one com-
munity. As a result, we have no contextual variation to
allow us to study whether other hospitals would take on
the relatively independent action that providers took on
at this hospital. Literature suggests that this is a rela-
tively rare event [21–23]. Furthermore, we do not know
how much A&F led to the hospital’s generation of

implementation strategies over contextual factors such
as the need to maintain hospital stroke accreditation and
the desire to meet the same standards of care as other
local hospitals. We also acknowledge that we do not
know whether the hospital implemented the strategies
for every acute stroke patient and the degree to which
the strategies were in development prior to the A&F re-
port period. Moreover, the study was underpowered to
detect a change in the primary outcome, namely rate of
tPA use. In addition, our findings might not be
generalizable to hospitals in resource-rich communities
that may have different barriers to optimizing acute
stroke care. Finally, our causal pathway models postulate
how implementation strategies produce their effects
based on the analysis of our qualitative data. We ac-
knowledge that there may be different approaches to de-
fining mechanisms of action [26]. We used synthesized
member checking to confirm that participants agreed
with the implementation strategies described, but did
not confirm that they agreed with the proximal out-
comes, distal outcomes, preconditions, and moderators
in the causal pathway models. Future studies could test
the hypothesized pathways.

Conclusions
In summary, we have demonstrated how A&F was used
and amplified, leading to additional implementation
strategies, by a hospital to improve acute stroke care.
Rooting our A&F strategy in CP-FIT theory allowed us
to use the tenets of the theory to identify how A&F led
to the development of different implementation strat-
egies. Feedback reports clearly stated the implementa-
tion goal of increasing tPA delivery and decreasing tPA
treatment times. Hospital staff used internal and external
sources of motivation to remain engaged in the process
of developing implementation strategies to achieve the
goal. Different implementation strategies arose as A&F
stimulated the hospital team to reflect on current prac-
tices and the achievability of the goal. The research team
remained present and supportive throughout the hos-
pital team’s action planning and provided them with the
tools needed to independently sustain A&F after the
completion of the research. Future research will evaluate
whether a theory-based A&F strategy can similarly sup-
port other clinical sites to develop strategies to improve
their acute stroke treatment processes.
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