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Abstract

Background: Transient ischemic attack (TIA) patients are at high risk of recurrent vascular events; timely

management can reduce that risk by 70%. The Protocol-guided Rapid Evaluation of Veterans Experiencing New

Transient Neurological Symptoms (PREVENT) developed, implemented, and evaluated a TIA quality improvement

(QI) intervention aligned with Learning Healthcare System principles.

Methods: This stepped-wedge trial developed, implemented and evaluated a provider-facing, multi-component

intervention to improve TIA care at six facilities. The unit of analysis was the medical center. The intervention was

developed based on benchmarking data, staff interviews, literature, and electronic quality measures and included:

performance data, clinical protocols, professional education, electronic health record tools, and QI support. The

effectiveness outcome was the without-fail rate: the proportion of patients who receive all processes of care for

which they are eligible among seven processes. The implementation outcomes were the number of

implementation activities completed and final team organization level. The intervention effects on the without-fail

rate were analyzed using generalized mixed-effects models with multilevel hierarchical random effects. Mixed

methods were used to assess implementation, user satisfaction, and sustainability.

Discussion: PREVENT advanced three aspects of a Learning Healthcare System. Learning from Data: teams

examined and interacted with their performance data to explore hypotheses, plan QI activities, and evaluate

change over time. Learning from Each Other: Teams participated in monthly virtual collaborative calls. Sharing Best

Practices: Teams shared tools and best practices. The approach used to design and implement PREVENT may be

generalizable to other clinical conditions where time-sensitive care spans clinical settings and medical disciplines.

Trial registration: clinicaltrials.gov: NCT02769338 [May 11, 2016].
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Background

With the proliferation of electronic health records and

increased emphasis on Learning Healthcare Systems,

healthcare teams are being tasked with responding to

data-driven quality problems [1]. Teams may deploy a

variety of quality improvement (QI) strategies and sys-

tems redesign approaches to improve performance,

depending on the complexity and scope of the problem.

This description of the rationale, implementation strat-

egy, and evaluation plan of the Protocol-guided Rapid

Evaluation of Veterans Experiencing New Transient

Neurological Symptoms (PREVENT) trial details an ap-

proach to developing and evaluating a multi-component

QI intervention for a complex, time-sensitive clinical

problem that involves several clinical disciplines and is

consistent with the principles of the Learning Healthcare

System model. This report adheres to the Revised Stan-

dards for Quality Improvement Reporting Excellence

(SQUIRE 2.0) [2, 3].

The problem being addressed

Approximately 8500 Veterans with transient ischemic

attack (TIA) or ischemic stroke are cared for in a

Department of Veterans Affairs (VA) Emergency De-

partment (ED) or inpatient ward annually in the United

States [4]. Patients with TIA generally present with

transient neurological symptoms of presumed ischemic

etiology [5]. TIA patients at high risk of recurrent vascular

events [6–8], however, interventions which deliver timely

TIA care can reduce that risk by up to 70% [9–12]. Des-

pite the known benefits of timely TIA care, data from both

selected private-sector United States hospitals (i.e., facil-

ities that have implemented stroke quality improvement

programs) [13] and from the VA healthcare system have

identified gaps in TIA care quality. For example, only 51%

of Veterans who were eligible received carotid imaging as

part of their TIA care [14]. Moreover, the majority of VA

facilities do not have a TIA-specific protocol [15].

Objective

The objective of the PREVENT trial was to develop, im-

plement, and evaluate a multi-component, QI interven-

tion to improve the quality of care for Veterans with

TIA that could be scaled to serve the full spectrum of

VA medical centers, ranging from small facilities with

few specialist resources to the most complex and well-

resourced facilities with access to comprehensive aca-

demic medical centers. The Consolidated Framework for

Implementation Research (CFIR) guided the development

of the PREVENT intervention, its accompanying imple-

mentation strategies, and its evaluation plan [16, 17]. Our

approach contributed to the development of a Learning

Healthcare System and may be generalizable to QI inter-

ventions that target healthcare teams [18].

Methods

Context

Within the VA, quality measurement and systems re-

design are integrated into the healthcare system within

administration and clinical operations [19, 20]. Although

stroke care quality metrics are reported, there is cur-

rently no VA system-wide focus on TIA care quality.

TIA is a clinical condition that is relatively common and

for which there is a time-sensitive imperative to provide

diagnostic and management processes of care. However,

there is no existing VA quality measurement or “top-

down” mandate for QI related to TIA care. Nevertheless,

because of the demonstrable gaps in the quality of TIA

care for Veterans, VA leadership, namely in neurology

and emergency medicine, provided robust support for a

TIA quality improvement program.

Quality improvement intervention development

The development of the PREVENT intervention [21–24]

was based on a systematic assessment of TIA care per-

formance at VA facilities nationwide as well as critical

barriers and facilitators of TIA care performance using

four sources of information: baseline quality of care data

[14], staff interviews [15], existing literature [25–28], and

validated electronic quality measures [14].

Baseline quality of care data

The first national benchmarking study of TIA care quality

in the VA included patients cared for in any VA ED or an

inpatient setting during federal-fiscal year 2014 [29]. Among

N = 8201 patients in 129 facilities, performance varied

across elements of care from brain imaging within 2 days of

presentation (88.9%) to high/moderate potency statin within

7 days post-discharge (47.2%). Performance also varied sub-

stantially across facilities. Performance was higher for ad-

mitted patients than for patients cared for only in EDs, with

the greatest disparity for carotid artery imaging: 75.6% ver-

sus 25.3% (p < 0.0001). These data provided justification for

developing a QI project to improve TIA care quality.

Staff interviews

Interviews with staff members involved in the care of pa-

tients with TIA from multiple disciplines (neurology,

emergency medicine, nursing, pharmacy, primary care,

hospitalist medicine, radiology, vascular surgery, cardi-

ology, ophthalmology, systems redesign, and quality

management) at 14 diverse VA facilities identified bar-

riers to providing high quality TIA care including: gaps

in knowledge, lack of performance data, uncertainty

about how to engage in QI, inadequate care coordin-

ation, and information technology barriers [15, 29]. The

PREVENT intervention was designed to address these

barriers by drawing upon existing VA resources (e.g.,

staffing, VA data systems, etc) (Fig. 1).
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Prior literature

Several studies have demonstrated that providing timely

diagnosis and management improves care and outcomes

for patients with TIA [9–12, 27, 28]. For example, three

effectiveness studies included algorithms or protocols

that facilitated the timely delivery of care for patients

with TIA. Based on this research, PREVENT included al-

gorithms and protocols to promote timely delivery of

the guideline-concordant processes of care that have

been associated with improved outcomes [9].

Validated electronic quality measures

Electronic quality measures were developed using elec-

tronic health record data and were validated against

chart review [30]. A random sample of 763 TIA or

minor ischemic stroke patients cared for in 45 VA facil-

ities was used to construct electronic versions of 31

existing quality measures [30]. The measures with the

most robust performance against chart review became

the PREVENT measures [30].

Quality improvement intervention description

The PREVENT QI intervention targeted facility pro-

viders not individual patients. External facilitation was

provided by the study team, which included a nurse

(with quality management and clinical nursing experi-

ence), a general internist (with QI and stroke clinical

care experience), implementation scientists (from diverse

backgrounds including health psychology, education and

medical anthropology), and a senior data scientist. The

participating facility teams were diverse but generally

included members from neurology, emergency medicine,

nursing, pharmacy, and radiology; some teams also in-

cluded hospitalists, primary care staff, education staff,

telehealth staff, ophthalmologists, or systems redesign

staff. The primary site champion was the person desig-

nated as being responsible for stroke care quality at the

participating facility. Therefore, for the majority of sites,

the champion was a neurologist, but at one site the

champion was an ED nurse and at another site the role

of champion was shared by staff from neurology and phar-

macy. The PREVENT QI intervention included five

Fig. 1 Intervention Components Mapped onto Barriers to Providing Quality Care. Figure 1 displays the barriers to providing excellent quality of

care for patients with transient ischemic attack (TIA) or minor stroke that were identified through interviews with front-line clinicians as well as

the components of the PREVENT program that were designed to overcome each barrier
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components [1]: quality of care reporting system [2], clin-

ical programs [3], professional education [4], electronic

health record tools, and [5] QI support including a virtual

collaborative (Fig. 1).

Quality of care reporting system: audit and feedback

The web-based PREVENT Hub (Fig. 2) provided data

about a broad range of processes of care (e.g., brain im-

aging), healthcare utilization (e.g., proportion of patients

with a primary care visit within 30-days of the index

TIA), and other aspects of care (e.g., proportion of TIA

patients who left against medical advice). These data

were updated monthly for every VA facility. Aggregated

data were presented at the facility level (not the patient

or provider level) and placed in context by being dis-

played alongside suggested targets and VA national

rates. The PREVENT Hub allowed users to customize

views to examine quality over time and to compare

themselves with other facilities. Users could explore

hypotheses about whether their performance varied for

patients who presented on weekdays versus weekends,

for patients who were admitted to the hospital versus

discharged from the ED, or for patients with neurology

consultation versus without neurology consultation.

Fig. 2 The PREVENT Web-Based Hub. The home page of the web-based PREVENT Hub included a prominent display of the facility without-fail

rate (upper left red box) and the pass rates for each of the seven key processes of care (in blue text)
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Clinical protocols

Several clinical programs were developed and shared on the

PREVENT Hub. For example, a pharmacist-based TIA

medication management protocol was developed to im-

prove medication-related processes of TIA care (e.g., hyper-

tension and hyperlipidemia management). The pharmacy

protocol utilized existing VA pharmacy staff in the inpatient

or ED settings with hand-offs to pharmacists embedded in

the primary care teams. In addition, a templated note and

checklist were created for VA primary care nurses. PRE-

VENT site teams developed ED-based protocols for TIA

patients which were also shared on the PREVENT Hub.

Professional education

The PREVENT staff education materials were diverse,

including: slide sets (with speaker notes) designed specif-

ically for physicians and residents, pharmacists, and

nurses; guidelines and article reprints; videos (one

described the importance of providing timely TIA care

and one demonstrated a clinical team reflecting on qual-

ity of care data, evaluating progress toward goals, and

planning QI activities in response to data); as well as

pocket-cards and posters. Locally-generated educational

materials were also shared on the Hub.

Electronic health record tools

A variety of electronic health record tools were available

for PREVENT sites to adapt including: order menus,

note templates, and a patient identification tool. The

note templates were developed using reminder dialogues

to enable teams to monitor when templates were used.

The patient identification tool was developed to identify

individual TIA patients who were seen in a facility in the

ED or inpatient ward so that the site teams could ensure

that highest quality care was being delivered in real time

(as opposed to waiting for retrospective data).

Quality improvement support & virtual collaborative

Active implementation of PREVENT involved a full-day

kickoff meeting. The kickoff included all relevant staff

members at a participating site and study team mem-

bers, some participated in person and others participated

via videoconference. The kickoff was designed to be fun,

engaging, educational, and productive. The PREVENT

study team members explicitly developed the agenda

with the belief that the most important resource for the

kickoff was the time and attention of the participating staff

members, with the event providing a crucial opportunity

for team formation (at many sites team members were

meeting each other for the first time at the kickoff).

The kickoff began with presentations, videos, and ac-

tivities to create a sense of excitement and empower-

ment about improving care and outcomes for patients

with TIA. The facility team used the PREVENT Hub to

explore their facility-specific quality of care data and

identify processes of care with the largest gaps in quality

for the greatest number of patients. Using approaches

from systems redesign, facility team members brain-

stormed about barriers to providing highest quality of

care, identified solutions to address barriers, ranked

solutions on an impact-effort matrix, and developed a

site-specific action plan that included high-impact/low-

effort activities in the short-term plan and high-impact/

high-effort activities in the long-term plan. Throughout

the kickoff, the facility team was introduced to PRE-

VENT components (e.g., videos from the education pro-

gram and the pharmacy clinical protocol) as well as

strategies for engaging in key QI activities such as

reflecting and evaluating, goal setting, and planning.

Local QI plans were entered into the PREVENT Hub, and

metrics were tracked allowing teams to monitor perform-

ance over time. PREVENT site teams could learn from the

overall community by identifying which QI activities either

did or did not achieve improvement in metrics at other sites.

During the one-year active implementation period, the

teams joined monthly PREVENT collaborative confer-

ences which served as a forum for facility team members

to share progress on action plans, articulate goals for the

next month, and review any new evidence or tools [31].

The monthly collaborative conferences were conducted via

a shared meeting platform that allowed for screen sharing

and instant messaging; videoconferencing was also occa-

sionally used. During each collaborative conference, invited

speakers with expertise related to cerebrovascular risk fac-

tor management, VA healthcare administration, or systems

redesign reviewed topics of interest using cases to stimulate

discussion, identify barriers, and brainstorm about solu-

tions. Participants received continuing education credits. At

the end of the one-year active implementation period, the

collaborative call was conducted via video-conference and

was used to acknowledge the implementation accomplish-

ments of the site which was being promoted from active

implementation to sustainability. Facility leadership was in-

vited to celebrate the successes of the local team.

Evaluation approach

A five-year stepped-wedge [32, 33] Hybrid Type II [34]

implementation trial included six participating sites

where active implementation was initiated in three

waves, with two facilities per wave (Fig. 3). The unit of

analysis was the VA facility. Stepped-wedge designs are

increasingly being used in health services and implemen-

tation research when the intervention is not imple-

mented at the individual patient level but is rather

implemented sequentially within participating clusters

[21, 22, 35, 36]. In stepped-wedge designs, all of the

clusters (i.e., individual participating VA facilities) begin

with a control (baseline) condition and then initiate the
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intervention as the study progresses. The PREVENT trial

involved three phases: a 1 yr-baseline period, a one-year

active implementation period (that began 13months

after the start of the baseline period, providing 1 month

for facility teams to initiate QI activities), and a 1-year

sustainability period (following the end of active imple-

mentation; Fig. 3). The evaluation involved four assess-

ments of PREVENT: effectiveness, users’ assessment,

implementation, and sustainability. PREVENT was regis-

tered with clinicaltrials.gov (NCT02769338) and received

human subjects (institutional review board [IRB]) and

VA research and development committee approvals.

Primary effectiveness outcome

The primary effectiveness outcome was the “without-fail”

rate, defined as the proportion of Veterans with TIA who

received all of the processes of care for which they were

eligible from among seven processes of care: brain im-

aging, carotid artery imaging, neurology consultation,

hypertension control, anticoagulation for atrial fibrillation,

antithrombotics, and high/moderate potency statins [37].

These seven measures were included in the without-fail

rate because they are both guideline-recommended pro-

cesses of care and they have been associated with im-

provements in TIA patient outcomes [37]. The without-

fail rate is sometimes also referred to as “defect-free” care

[38, 39]. It is an all-or-none measure of quality, which as-

sesses for an individual patient whether they either did

(“passes” the without-fail measure), or did not (“fails” the

without-fail measure) receive all of the elements of care

for which they were eligible. The without-fail rate was cal-

culated at the facility level based on electronic health rec-

ord data using validated algorithms [14].

The secondary effectiveness outcomes included: the

seven individual processes of care that were included in

the without-fail measure, the consolidated measure of

quality which describes the proportion of care patients re-

ceived among the processes for which they were eligible

(e.g., for a patient who received two processes of care but

who was eligible for four processes of care, their consoli-

dated quality measure would be 50%, whereas their

without-fail rate would be 0%), and patient outcomes (i.e.,

90-day recurrent stroke and 90-day all-cause mortality).

Quantitative analysis plan: effectiveness assessment

Generalized mixed-effects models at the patient level with

random effects for sites were used to analyze the PRE-

VENT intervention effects on the without-fail rate during

the active implementation period compared with the base-

line period [40]. For the primary effectiveness analysis, the

main comparison was the mean facility without-fail rate

across the six sites during the baseline data period versus

the active implementation data period; adjusting for wave

and site variations. The primary analysis included the first

TIA event per patient. In sensitivity analyses, we included

all TIA events and we will also excluded patients ≥90-

years old (because care for such patients may appropri-

ately not include all of the processes of care which were

included in the without-fail rate).

Several secondary effectiveness analyses were pre-

specified, including [1]: an examination of how the

without-fail rate changed in the PREVENT sites compared

with VA facilities matched on the basis of TIA patient vol-

ume, facility complexity (i.e., teaching status, intensive

care unit level),and baseline without-fail rate (with six

controls for each intervention site); this analysis allowed

for consideration of temporal changes in care [2]; an

examination of individual processes of care across the six

sites from the baseline period to active implementation

period (e.g., how did receipt of high or moderate potency

statins change from baseline to active implementation)

[3]; an assessment of change in the consolidated measure

of quality from baseline to active implementation; and [4]

a comparison of the 90-day recurrent stroke rate and the

90-day all-cause mortality rate, before versus after active

implementation. For each of these secondary analyses,

the multivariable models included adjustment for wave

site variations, and baseline comorbidities. Specifically,

Fig. 3 PREVENT Stepped-wedge Design. The stepped-wedge design included two sites per wave and a total of three waves. The study included:

a 12-month baseline period (yellow); a12-month post-implementation period (orange), which began with a kick-off (brown), and during which

the site teams participated in monthly virtual collaborative sessions (telephone symbol); and a sustainability period (blue)
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individual risk-adjustment models were created for each

process of care and for each patient outcome. The individ-

ual processes of care, the consolidated measure of quality,

the 90-day recurrent stroke rate, and the 90-day mortality

rate were considered secondary outcomes because the

stepped-wedge study was designed to have adequate

power (see Sample Size section below) to identify

differences in the primary effectiveness outcome (the

without-fail rate) and not the secondary outcomes.

Mixed methods evaluation plan: user satisfaction,

implementation and sustainability assessments

Table 1 summarizes the qualitative data collection meth-

odology including: semi-structured interviews, observa-

tions, and Fast Analysis and Synthesis Template (FAST)

facilitation tracking [41]. Interviews were conducted in-

person during site visits or by telephone at baseline, 6-

months and 1-year after active implementation, and at the

end of sustainability. Key stakeholders included staff in-

volved in the delivery of TIA care, their managers, and fa-

cility leadership; we also accepted “snowball” referrals

from key stakeholders. Upon receipt of verbal consent, in-

terviews were audio-recorded. The audio-recordings were

transcribed verbatim. Transcripts were de-identified and

imported into Nvivo12 for data coding and analysis. Using

a common codebook, two team members independently

coded identical transcripts for the presence or absence of

CFIR constructs as well as magnitude and valence for four

selected CFIR implementation constructs (i.e., Goals &

Feedback, Planning, Reflecting & Evaluating, and Cham-

pions). The project team met to review and discuss simi-

larities and differences in the coding until a shared

understanding of each item in the codebook was devel-

oped. In addition to the interview data, the study team

conducted formal debriefings after each kickoff, site visit,

and collaborative call. These observations were recorded

and transcribed for analyses. We also used the FAST

template, which is a structured electronic log, as a rapid,

systematic method for extracting key concepts across data

sources including interviews, collaborative calls, and Hub

utilization data [41]. We adapted an external facilitator

tracking sheet to prospectively collect the dose and

contents of external facilitation provided by the study

team to participating facility teams [42]. We evaluated

local organizational culture using the Organizational Cul-

ture Assessment Instrument [43, 44]. Finally, we collected

audience-response system (ARS) feedback and written

evaluations about program components during kickoffs.

Table 1 Qualitative Data Collection Plan

FOCUS OF INQUIRY DATA PERIOD METHOD PARTICIPANTS

Structure: TIA protocol; TIA
providers
Process: how clinical teams use
data to improve quality; local
context

Formal, semi-structured,
qualitative interviews

Baseline
6 months into active
implementation
12 months into active
implementation
Sustainability

Audio-recorded &
transcribed interviews

Providers who care for and
support patients with TIA

Structure: Team composition
Process: Team formation;
impact evaluation; action
planning

Observations of team kickoffs
for active implementation

After baseline at the
start of active
implementation

Structure: Clinical providers’
attendance and participation
Process: Community of care
interactions; implementation
progress

Observations of Virtual
Collaborative Calls

Monthly 1 Hour Calls

Structure: Local front-line pro-
viders involved in TIA care
Process: Team dynamics;
implementation progress; use
of data

Observations of facility visits Post Visit Debriefings Audio-recorded &
transcribed interviews &
field notes

Structure: Role and service of
key informants
Process: Use of
implementation strategy;
implementation progress

FAST* template: a rapid,
systematic method for capturing
key concepts across data sources

Project Duration FAST Template

Structure: Facility team
members engaged in quality
improvement
Process: Facilitation contents
and dose

External Facilitation Tracking
Sheet

FAST Template and
Facilitator notes

Providers who locally adapt
PREVENT to improve quality of
TIA care

*FAST refers to the Fast Analysis and Synthesis Template [41]

Bravata et al. BMC Neurology          (2019) 19:294 Page 7 of 12



Users’ assessment of the program

The assessment of satisfaction with the PREVENT pro-

gram was evaluated using interview data, ARS, and survey

data. Satisfaction was defined as program acceptability,

the perception among front-line implementers that PRE-

VENT was palatable or satisfactory based on content,

complexity, or comfort. We derived the users’ assessment

of the intervention using the intervention characteristics

domain from CFIR. We sought to identify the components

of the intervention that were most useful or most import-

ant to the facility team members.

Implementation outcomes and evaluation

PREVENT employed three primary implementation

strategies [1]: team activation via audit and feedback,

reflecting and evaluating, planning, and goal setting [2];

external facilitation; and [3] building a community of

practice. In addition, PREVENT allowed for local adap-

tation of the intervention components and took advan-

tage of peer pressure while providing facilitation support

to the site champion. The two primary implementation

outcomes were the number of implementation activities

completed during the one-year active implementation

period and the final level of team organization (defined

as the Group Organization [GO Score]) [45, 46] for

improving TIA care at the end of the 12-month active

implementation period. The number of implementation

activities completed was scored for each site by the re-

search team using a rubric designed for PREVENT. The

GO Score [45, 46] was a measure of team activation on

a 1–10 scale for improving TIA care based on specified

provider practices. Scores between 1 and 3 denoted a

beginning level of organization with no facility wide

approach, 4–5 reflected a developing approach, 6–7

denoted basic proficiency, 8 indicated intermediate

proficiency, and 9–10 reflected a TIA system that was

implemented facility-wide and that could sustain key

personnel turnover.

Using a mixed-methods approach grounded in the

CFIR, we examined and evaluated the degree to which

the sites engaged in the three primary implementation

strategies; the association between implementation strat-

egies and implementation success; contextual factors as-

sociated with implementation success; the association

between implementation strategies and the without-fail

rate; and the association between implementation out-

comes and the without-fail rate. In addition, we de-

scribed the dose, type, and temporal trends in external

facilitation that was provided to each site during active

implementation.

Sustainability evaluation

The sustainability analysis included both a comparison

of the change in the without-fail rate from the baseline

data period to the sustainability period and from the ac-

tive implementation period to the sustainability period.

We constructed mixed-effects models accounting for

random effects for sites as described above for the effect-

iveness evaluation and explored whether sites with the

greatest use of their own quality data demonstrated the

greatest program sustainability.

Site selection

Sites were invited to participate on the basis of demon-

strated gaps in quality of care; specifically, if they had

baseline without-fail rates of < 50%. All VA acute care

facilities with at least ten eligible TIA patients per year

were rank ordered in terms of the without-fail rate. Invi-

tations were sent via email beginning with facilities with

the greatest opportunity for improvement. Recruitment

continued until six facilities agreed to participate. Al-

though some stepped-wedge trials randomly assign facil-

ities to waves (for example in a cluster randomized

controlled trial design), PREVENT sites were allocated

to waves pragmatically based on the ability to schedule

baseline and kickoff meetings.

Power & Sample Size

The methods used for the sample size design and power

calculation for this stepped-wedge trial have been reported

elsewhere [36]. Briefly, the six-site, stepped-wedge design

provided > 90% power to detect an improvement in the

mean facility without-fail rate from 25% during the base-

line period to > 45% during the active implementation

period. The goal for the sample size was to recruit sites

with ≥50 TIA patients per year; however, power was pre-

served with ≥30 TIA patients per year. Fig. 4 provide the

plots of the power for testing the intervention effect H0 :

θ = 0, H1 : θ = θ
M for the intervention effect size θ

M ran-

ging from 0.1 to 0.3; allowing for a potential decrement in

intervention effect over time. Specifically, we hypothesized

that the effectiveness of the intervention would be more

robust during the active implementation phase and less

robust during sustainability. The panels in Fig. 4 were

based on a total of 6 sites (where a site was a single VA fa-

cility) with a site size of 30, 50 and 70 (TIA patients cared

for at a single VA facility). The results demonstrated rea-

sonable power (greater than or equal to 0.90) for detecting

the intervention effect when the effect size is at least 0.20

with a site size no less than 30. The coefficient of variation

(CV) was set at 0.2, 0.4, 0.6, and 0.8 to cover a wide range

of the between-site variation. The CV seemed to have little

effect on power (Fig. 4).

Results

We have described the development, implementation, and

evaluation of a multi-component provider-facing QI inter-

vention to improve TIA care at six VA facilities [22–24].
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Results of the planned analyses will be submitted for peer-

review as those data become available.

Discussion

Key strengths of the approach to developing this QI

program involved grounding the program in data from

multiple sources including interview data to understand

the needs of front-line providers across a diverse set of

facilities and across disciplines [15]; validation evidence

identifying processes of care that could be obtained as

electronic quality measures which facilitates ongoing

performance measurement and scalability [14]; bench-

marking data identifying the gaps in care that should

serve as targets for quality improvement, especially pro-

cesses with large opportunities for improvement for

large numbers of potentially eligible patients [14]; and

evidence from the existing literature about processes of

care that are most robustly associated with improved pa-

tient outcomes [25–28]. The strengths of the evaluation

plan included both the grounding in the CFIR model

and the explicit evaluation of implementation strategies

across diverse local contexts.

The PREVENT program was positively aligned with

the model of the Learning Healthcare System. In the

Institute of Medicine’s book Best Care at Lower Cost,

the Learning Healthcare System was described as an

Fig. 4 PREVENT Sample Size Design. The panels display how the power curves vary with changes in the coefficient of variation (CV)
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approach where “clinical informatics, incentives, and cul-

ture are aligned to promote continuous improvement

and innovation, with best practices seamlessly embedded

in the delivery process and new knowledge captured as

an integral by-product of the delivery experience.” [47]

Already recognized as an example of a stand-out

organization that harnesses the power of data to improve

the health of the populations it serves [48, 49], the VA

was the first federal agency to endorse the Learning

Healthcare System’s core values. The design of PRE-

VENT advanced three aspects of a Learning Healthcare

System. If PREVENT successfully improves TIA care

quality, then we will work with our partners in VA cen-

tral office to disseminate the program to all VA facilities.

Learning from data

The PREVENT Hub, unlike static performance dash-

boards, allowed teams to examine and interact with their

performance data to explore hypotheses, plan QI activ-

ities, and evaluate change over time. Although audit and

feedback has been demonstrated to be effective in QI,

we have little insight into how teams use data to im-

prove quality [50]. The PREVENT study provided an

opportunity to learn how teams use data to inform QI

activities. The patient identification tool provided teams

with patient-level, actionable information to identify pa-

tients in real-time to ensure that every patient received

all the care they needed; this tool is generalizable to

other time-sensitive clinical conditions where patients

seek care in the ED or inpatient settings.

Learning from each other

Site teams participated in monthly collaborative calls to

learn about relevant topics, share strategies for overcom-

ing challenges to providing highest care quality, and

cultivate a sense of community. PREVENT teams were

multidisciplinary, providing opportunities to learn across

disciplines. For example, although the role of

pharmacist-delivered care is well recognized for many

clinical conditions, it has been underutilized for the care

of patients with stroke or TIA. Given that many TIA

process of care involve medication management, collab-

oration with pharmacy staff offers great promise for

delivering guideline-concordant care [51].

Sharing best practices

Facility-based teams shared tools and best practices in a

rich and growing library of diverse resources.

Several limitations of the PREVENT program merit

description. The primary limitation of PREVENT was

the implementation only within VA hospitals which have

the benefit of a unified electronic health record. If this

program is found to be effective, then future research

should evaluate its implementation in non-VA settings.

Second, because several implementation strategies were

deployed, it may be difficult to disentangle the unique

effects of each strategy. However, we designed multiple

data collection sources to capture the effects of each

implementation strategy on implementation success

using rigorous evaluation methodology. Third, making a

diagnosis of TIA can be clinically challenging and some

patients who receive a diagnosis code for TIA may well

have an alternative diagnosis. Although we know that

some of the patients who were coded as having a TIA

did not have actually had a TIA, we have neither

observed differential miss-classification either across fa-

cilities nor across time [30]. In other words, potential

TIA miscoding is likely to exist across all of the sites

and will likely exist during baseline, active implementa-

tion, and sustainability phases. Therefore, it is unlikely

that differential TIA miscoding will bias the examination

of the effect of the intervention. If, however, the TIA

miscoding rate was unexpectedly high, and patients were

not getting TIA processes of care because they did not

actually have a TIA, then the without-fail rate would be

appropriately low. In this case, our ability to detect a

change in the without-rail rate would be impaired.

Fourth, although a six-site sample was sufficient to

provide adequate power, future studies might include a

larger number of facilities. Fifth, the PREVENT program

targeted clinical teams at the participating sites; the

clinicians were the subjects of the implementation and

satisfaction evaluations. Future studies should consider

how best to include patients’ perspectives in implemen-

tation evaluations. Finally, although we plan to deploy

the program nationwide if the effectiveness analyses

indicate that PREVENT improves TIA care quality, an

assessment of scalability during national deployment is

beyond the scope of the planned PREVENT research

activities.

The promise of Learning Healthcare Systems involves

the development of QI programs that are data-driven,

meet the needs of stakeholders, and dynamically adapt

to changes in performance and context. As illustrated by

the PREVENT trial, that promise should likewise extend

to program development and evaluation to assess not

only whether a program works but also how and why it

works.

Abbreviations

CFIR: Consolidated Framework for Implementation Research; ED: Emergency

Department; FAST: Fast Analysis and Synthesis Template; GO Score: Group

Organization Score; PREVENT: Protocol-guided Rapid Evaluation of Veterans

Experiencing New Transient Neurological Symptoms; QI: Quality

improvement; SQUIRE: Standards for Quality Improvement Reporting

Excellence; TIA: Transient ischemic attack; VA: Department of Veterans Affairs

Acknowledgements

None.

Bravata et al. BMC Neurology          (2019) 19:294 Page 10 of 12



Authors’ contributions

All authors participated in the revision of the manuscript and have read and

approved the final manuscript. All authors have agreed both to be

personally accountable for their own contributions and to ensure that

questions related to the accuracy or integrity of any part of the work, even

ones in which the author was not personally involved, are appropriately

investigated, resolved, and the resolution documented in the literature. DMB:

obtained funding and was responsible for the overall design and conduct of

the study including: intervention development; implementation plans; data

collection; quantitative, qualitative, and mixed methods data analyses;

interpretation of the results; and drafting and revising the manuscript. LJM

[1]: instrumental in the design of the intervention, implementation plans,

quantitative data collection, quantitative data analysis, interpretation of the

results, and revising the manuscript. EJM, NR, TD: instrumental in the design

of the intervention, implementation plans and evaluation, qualitative and

mixed methods data collection, qualitative and mixed methods data analysis,

interpretation of the results, and revising the manuscript. BH: instrumental in

the design of the intervention; participated in the qualitative data collection;

participated in the quantitative, qualitative, and mixed methods data

analysis; and revised the manuscript. AJP, YZ: instrumental in the

development of the analysis plan, in the conduct of the quantitative and

mixed methods data analysis, in the interpretation of the results, and revising

the manuscript. JM: participated in obtaining funding, qualitative data

collection, qualitative data analysis, and revising the manuscript. LM [2], JF:

participated in intervention development; qualitative, quantitative, and mixed

methods data analysis, and revising the manuscript. AJC: participated in the

qualitative and mixed methods data analysis, and revising the manuscript.

BG, MK: instrumental in intervention development, the interpretation of the

qualitative and mixed methods analyses, and revising the manuscript. EC,

DAL, JJS, MW: participated in study design; interpretation of quantitative,

qualitative and mixed methods results; and revising the manuscript.

Funding

This work was supported by the Department of Veterans Affairs (VA), Health

Services Research & Development Service (HSRD), Precision Monitoring to

Transform Care (PRISM) Quality Enhancement Research Initiative (QUERI) (QUE

15–280). Support for VA/Centers for Medicare and Medicaid Service (CMS) data is

provided by the VA Information Resource Center (SDR 02–237 and 98–004). The

funding agencies had no role in the design of the study, data collection, analysis,

interpretation, or in the writing of this manuscript.

Availability of data and materials

These data must remain on Department of Veterans Affairs servers;

investigators interested in working with these data are encouraged to

contact the corresponding author.

Ethics approval and consent

PREVENT received human subjects review and approval from the Indiana

University School of Medicine Institutional Review Board [IRB]) and the

Richard L. Roudebush VA Medical Center Research and Development (R&D)

committee. Staff members who participated in interviews provided oral

informed consent consistent with the approval of the IRB.

Consent for publication

This manuscript does not include any individual person’s data.

Competing interests

The authors declare that they have no competing interests.

Author details
1Department of Veterans Affairs (VA) Health Services Research and

Development (HSR&D), Precision Monitoring to Transform Care (PRISM)

Quality Enhancement Research Initiative (QUERI), Indianapolis, USA. 2VA

HSR&D Center for Health Information and Communication (CHIC), Richard L.

Roudebush VA Medical Center, HSR&D Mail Code 11H, 1481 West 10th

Street, Indianapolis, IN 46202, USA. 3Department of Internal Medicine, Indiana

University School of Medicine, Indianapolis, IN, USA. 4Department of

Neurology, Indiana University School of Medicine, Indianapolis, IN, USA.
5Regenstrief Institute, Indianapolis, IN, USA. 6Department of Biostatistics,

Indiana University School of Medicine, Indianapolis, IN, USA. 7Department of

Biostatistics, University of Nebraska Medical Center, Omaha, NE, USA. 8Office

of Healthcare Transformation (OHT), Veterans Health Administration (VHA),

Washington, DC, USA. 9Department of Neurology, VA Greater Los Angeles

Healthcare System, California, Los Angeles, USA. 10Department of Neurology,

David Geffen School of Medicine, University of California at Los Angeles,

California, Los Angeles, USA. 11Department of Internal Medicine and

Neurology and Institute for Health Policy and Innovation, University of

Michigan School of Medicine, Ann Arbor, MI, USA. 12Clinical Epidemiology

Research Center and Neurology Service, VA Connecticut Healthcare System,

West Haven, CT, USA. 13Departments of Internal Medicine and Neurology

and Center for Neuroepidemiology and Clinical Neurological Research, Yale

School of Medicine, New Haven, CT, USA. 14VA Tennessee Valley Healthcare

System, Nashville, TN, USA. 15Department of Emergency Medicine, Vanderbilt

University Medical Center, Nashville, TN, USA.

Received: 14 June 2019 Accepted: 28 October 2019

References

1. Hysong SJ, Francis J, Petersen LA. Motivating and engaging frontline

providers in measuring and improving team clinical performance. BMJ

Quality Safety. 2019.

2. Revised Standards for Quality Improvement Reporting Excellence (SQUIRE 2.0).

The Health Foundation. http://squire-statement.org/index.cfm?fuseaction=

Page.ViewPage&pageId=471. Published 2018. Accessed June 27, 2018.

3. Davies L, Donnelly KZ, Goodman DJ, Ogrinc G. Findings from a novel

approach to publication guideline revision: user road testing of a draft

version of SQUIRE 2.0. BMJ Quality Safety. 2016;25(4):265–72.

4. Williams L. VA Stroke Quality Enhancement Research Initiave (QUERI) Annual

Report and Strategic Plan. VA Health Services Research and Development

Service. http://www.queri.research.va.gov/about/strategic_plans/str.pdf.

Published 2013. Updated November 17, 2017. Accessed November 17, 2017.

5. Easton J, Saver J, Albers G, et al. Definition and evaluation of transient

ischemic attack. Stroke. 2009;40(6):2276–93.

6. Johnston KC, Connors AF, Wagner DP, Knaus WA, Wang XQ, Haley EC.

A predictive risk model for outcomes of ischemic stroke. Stroke. 2000;

31:448–55.

7. Johnston S. Short-term prognosis after a TIA: a simple score predicts risk.

Cleve Clin J Med. 2007;74(10):729–36.

8. Rothwell P, Johnston S. Transient ischemic attacks: stratifying risk. Stroke.

2006;37(2):320–2.

9. Kernan WN, Ovbiagele B, Black HR, et al. Guidelines for the prevention of

stroke in patients with stroke and transient ischemic attack: a guideline for

healthcare professionals from the American Heart Association/American

Stroke Association. Stroke. 2014;45(7):2160–236.

10. Lavallée P, Meseguer E, Abboud H, et al. A transient ischaemic attack clinic

with round-the-clock access (SOS-TIA): feasibility and effects. Lancet Neurol.

2007;6(11):953–60.

11. Luengo-Fernandez R, Gray A, Rothwell P. Effect of urgent treatment for

transient ischaemic attack and minor stroke on disability and hospital costs

(EXPRESS study): a prospective population-based sequential comparison.

Lancet Neurol. 2009;8(3):235–43.

12. Giles M, Rothwell P. Risk of stroke early after transient ischaemic attack: a

systematic review and meta-analysis. Lancet Neurol. 2007;6(12):1063–72.

13. O'Brien EC, Zhao X, Fonarow GC, et al. Quality of care and ischemic stroke

risk after hospitalization for transient ischemic attack: findings from get with

the guidelines-stroke. Circ Cardiovasc Qual Outcomes. 2015;8(6 Suppl 3):

S117–24.

14. Bravata D, Myers L, Arling G, et al. The quality of Care for Veterans with

transient ischemic attack and minor stroke. JAMA Neurology. 2018;75(4):

419–27.

15. Damush TM, Miech EJ, Sico JJ, et al. Barriers and facilitators to provide

quality TIA care in the veterans healthcare administration. Neurology. 2017;

89(24):2422–30.

16. Damschroder LJ, Aron DC, Keith RE, Kirsh SR, Alexander JA, Lowery JC.

Fostering implementation of health services research findings into practice:

a consolidated framework for advancing implementation science.

Implement Sci. 2009;4:50.

17. Greenhalgh T, Robert G, Macfarlane F, Bate P, Kyriakidou O. Diffusion of

innovations in service organizations: systematic review and

recommendations. Milbank Q. 2004;82(4):581–629.

Bravata et al. BMC Neurology          (2019) 19:294 Page 11 of 12

http://squire-statement.org/index.cfm?fuseaction=Page.ViewPage&pageId=471
http://squire-statement.org/index.cfm?fuseaction=Page.ViewPage&pageId=471
http://www.queri.research.va.gov/about/strategic_plans/str.pdf


18. Atkins D, Kilbourne AM, Shulkin D. Moving from discovery to system-wide

change: the role of research in a learning health care system: experience

from three decades of health systems research in the veterans health

administration. Annu Rev Public Health. 2017;38:467–87.

19. Kizer KW, Dudley RA. Extreme makeover: transformation of the veterans

health care system. Annu Rev Public Health. 2009;30:313–39.

20. Hagg H, Workman-Germann J, Flanagan M, et al. Implementation of

systems redesign: approaches to spread and sustain adoption. Rockville, MD

(USA): Agency for Healthcare Research and Quality; 2008.

21. Redfern J, McKevitt C, Wolfe CD. Development of complex interventions in

stroke care: a systematic review. Stroke. 2006;37(9):2410–9.

22. Craig P, Dieppe P, Macintyre S, et al. Developing and evaluating complex

interventions: the new Medical Research Council guidance. BMJ (Clinical

research ed). 2008;337:a1655.

23. Campbell M, Fitzpatrick R, Haines A, et al. Framework for design and

evaluation of complex interventions to improve health. BMJ (Clinical

research ed). 2000;321(7262):694–6.

24. Medical Research Council (MRC). A Framework for Development and

Evaluation of RCTs for Complex Interventions to Improve Health.

London2000.

25. Bosworth H, Olsen M, Grubber J, et al. Two self-management interventions

to improve hypertension control: a randomized trial. Ann Intern Med. 2009;

151(10):687–95.

26. Bosworth H, Powers B, Olsen M, et al. Home blood pressure management

and improved blood pressure control: results from a randomized controlled

trial. Arch Intern Med. 2011;171(13):1173–80.

27. Ranta A, Dovey S, Weatherall M, O'Dea D, Gommans J, Tilyard M. Cluster

randomized controlled trial of TIA electronic decision support in primary

care. Neurology. 2015;84(15):1545–51.

28. Rothwell P, Giles M, Chandratheva A, et al. Effect of urgent treatment of

transient ischaemic attack and minor stroke on early recurrent stroke

(EXPRESS study): a prospective population-based sequential comparison.

Lancet (London, England). 2007;370(9596):1432–42.

29. Bravata DM, Myers LJ, Arling G, et al. Quality of Care for Veterans with Transient

Ischemic Attack and Minor Stroke. JAMA Neurol. 2018;75(4):419–27.

30. Bravata DM, Myers LJ, Cheng E, et al. Development and Validation of

Electronic Quality Measures to Assess Care for Patients With Transient

Ischemic Attack and Minor Ischemic Stroke. Circ Cardiovasc Qual Outcomes.

2017;10(9).

31. Ayers LR, Beyea SC, Godfrey MM, Harper DC, Nelson EC, Batalden PB. Quality

improvement learning collaboratives. Qual Manag Health Care. 2005;14(4):

234–47.

32. Brown CA, Lilford RJ. The stepped wedge trial design: a systematic review.

BMC Med Res Methodol. 2006;6:54.

33. Mdege ND, Man MS, Taylor Nee Brown CA, Torgerson DJ. Systematic review

of stepped wedge cluster randomized trials shows that design is particularly

used to evaluate interventions during routine implementation. J Clin

Epidemiol. 2011;64(9):936–48.

34. Curran G, Bauer M, Mittman B, Pyne J, Stetler C. Effectiveness-

implementation hybrid designs: combining elements of clinical

effectiveness and implementation research to enhance public health

impact. Med Care. 2012;50(3):217–26.

35. Barker D, McElduff P, D'Este C, Campbell MJ. Stepped wedge cluster

randomised trials: a review of the statistical methodology used and

available. BMC Med Res Methodol. 2016;16:69.

36. Li J, Zhang Y, Myers LJ, Bravata DM. Power calculation in stepped-wedge

cluster randomized trial with reduced intervention sustainability effect. J

Biopharm Stat. 2019;29(4):663–74.

37. Bravata DM, Myers LJ, Reeves M, et al. Processes of care associated with risk

of mortality and recurrent stroke among patients with transient ischemic

attack and nonsevere ischemic stroke. JAMA Netw Open. 2019;2(7):e196716.

38. Man S, Zhao X, Uchino K, et al. Comparison of acute ischemic stroke care and

outcomes between comprehensive stroke centers and primary stroke centers

in the United States. Circ Cardiovasc Qual Outcomes. 2018;11(6):e004512.

39. Fonarow GC, Reeves MJ, Smith EE, et al. Characteristics, performance

measures, and in-hospital outcomes of the first one million stroke and

transient ischemic attack admissions in get with the guidelines-stroke. Circ

Cardiovasc Qual Outcomes. 2010;3(3):291–302.

40. Li J, Zhang Y, Myers L, Bravata D. Power Calculation in Stepped-Wedge

Cluster Randomized Trial with Reduced Intervention Sustainability Effect. J

Biopharm Stat. 2019;In Press.

41. Hamilton A, Brunner J, Cain C, et al. Engaging multilevel stakeholders in an

implementation trial of evidence-based quality improvement in VA

women’s health primary care. TBM. 2017;7(3):478–85.

42. Ritchie MJ, Parker LE, Edlund CN, Kirchner JE. Using implementation

facilitation to foster clinical practice quality and adherence to evidence in

challenged settings: a qualitative study. BMC Health Serv Res. 2017;17(1):294.

43. Jung TST, Davies HTO, Bower P, Whalley D, et al. Instruments for exploring

organizational culture: a review of the literature. Public Adm Rev. 2009;69:

1087–96.

44. Heritage B, Pollock C, Roberts L. Validation of the organizational culture

assessment instrument. PLoS One. 2014;9(3):e92879.

45. Miech E. The GO Score: A New Context-Sensitive Instrument to Measure

Group Organization Level for Providing and Improving Care. Washington

DC.2015.

46. Rattray NA, Damush TM, Luckhurst C, Bauer-Martinez CJ, Homoya BJ, Miech

EJ. Prime movers: advanced practice professionals in the role of stroke

coordinator. J Am Assoc Nurse Pract. 2017;29(7):392–402.

47. IOM. Institute of Medicine. Best Care at Lower Cost: The Path to

Continuously Learning Health Care in America. Washington, DC: The

National Academies Press; 2013.

48. President’s Council of Advisors on Science and Technology. Realizing the

full potential of health information technology to improve healthcare for

Americans: the path forward, Report to the President. In. Washington, DC

2010:1–108.

49. Etheredge LM. A rapid-learning health system. Health Aff. 2007;26(2):

w107–18.

50. Tuti T, Nzinga J, Njoroge M, et al. A systematic review of electronic audit

and feedback: intervention effectiveness and use of behaviour change

theory. Implement Sci. 2017;12(1):61.

51. Basaraba JE, Picard M, George-Phillips K, Mysak T. Pharmacists as care

providers for stroke patients: a systematic review. Can J Neurol Sci. 2018;

45(1):49–55.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in

published maps and institutional affiliations.

Bravata et al. BMC Neurology          (2019) 19:294 Page 12 of 12


	Abstract
	Background
	Methods
	Discussion
	Trial registration

	Background
	The problem being addressed
	Objective

	Methods
	Context
	Quality improvement intervention development
	Baseline quality of care data
	Staff interviews
	Prior literature
	Validated electronic quality measures

	Quality improvement intervention description
	Quality of care reporting system: audit and feedback
	Clinical protocols
	Professional education
	Electronic health record tools
	Quality improvement support & virtual collaborative

	Evaluation approach
	Primary effectiveness outcome
	Quantitative analysis plan: effectiveness assessment
	Mixed methods evaluation plan: user satisfaction, implementation and sustainability assessments
	Users’ assessment of the program
	Implementation outcomes and evaluation
	Sustainability evaluation

	Site selection
	Power & Sample Size

	Results
	Discussion
	Learning from data
	Learning from each other
	Sharing best practices
	Abbreviations

	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

