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Abstract

To our knowledge, the adoption of Learning Health System (LHS) concepts or approaches for 

improving stroke care, patient outcomes and value have not previously been summarized. This 

topical review provides a summary of the published evidence about LHSs applied to stroke, and 

case examples applied to different aspects of stroke care from high and low-to-middle income 

countries. Our attempt to systematically identify the relevant literature and obtain real world 

examples demonstrated the dissemination gaps, the lack of learning and action for many of 

the related LHS concepts across the continuum of care, but also elucidated the opportunity for 

continued dialogue on how to study and scale LHS advances. In the field of stroke, we found 

only a few published examples of LHSs and health systems globally are implementing some 

selected LHS concepts, but the term is not common. A major barrier to identifying relevant LHS 
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examples in stroke may be the lack of an agreed taxonomy or terminology for classification. We 

acknowledge that health service delivery settings that leverage many of the LHS concepts do so 

operationally and the lessons learned are not shared in peer reviewed literature. It is likely that this 

topical review will further stimulate the stroke community to disseminate related activities and use 

key words such as learning health system so that the evidence base can be more readily identified.

INTRODUCTION

Despite many advances in stroke treatment and prevention, their implementation into routine 

clinical practice is suboptimal. To improve the quality, value, safety and equity of patient 

care, learning health system (LHS) models have been proposed as a means of optimizing 

healthcare.1 Conceptually, a LHS may represent the evolution of quality improvement (QI) 

efforts and capabilities within parts of an organization to become unified and operating in 

concert at the system level. Alignment of specific resources and processes within healthcare 

organizations can facilitate not only efficient and continuous improvement but also helps to 

promote innovation and new knowledge through active collaboration.

A LHS is where intelligent automation, clinical decision support, predictive models, positive 

deviance, surveillance, and comparative effectiveness research is enabled.2 LHS models 

embed iterative use of routinely collected data within health care to inform clinical decision-

making through data infrastructure and interdisciplinary expertise to deliver improved 

healthcare in consultation with patients.3 Consequently, a well-designed, data-driven LHS 

can enable iterative adaptations to the process or structure of care delivery and support 

pragmatic and real-world research. In this way, a LHS can meet the ever changing needs of 

current and future stakeholders,4 and provides a platform for the generation of new evidence, 

efficient implementation of evidence, and continuous evaluation of care and outcomes to 

facilitate QI,5 regardless of the original intention for data collection.6 Core distinguishing 

features are that a LHS is embedded in healthcare, adaptable, person-focused (defined as 

patients, families, communities and general public), and not constrained by a time-limited 

focus (unlike many QI initiatives).

The purpose of this narrative topical review is to summarize relevant published evidence 

about LHSs applied to stroke, and to provide some case examples from different countries. 

Because terminology and operationalization of LHS concepts varies,3,4,7,8 and different 

frameworks and models to describe a LHS with varying complexity and detail have 

emerged,4,7–11 we employed a general framework to describe the highlighted articles and 

case studies. The framework is outlined in Figure 1 which provides the commonly reported 

features of a LHS.4,8,12 These features align with those described in the recent American 

Heart Association LHS and Cardiovascular Care Scientific Statement which included 

science and informatics, patient-physician partnerships, continuous learning cultures, and 

incentives;5 to which we have added structure and governance. Briefly, a LHS requires 

cooperative, participatory leadership, innovation, and scientific integrity4 that supports 

a continuous learning culture for improved health care quality and patient-clinician 

partnerships.8,13 There is a requirement for, and dependence on, technology that supports 

collection and use of electronic health record data.6 Processes enable both evidence 
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generation and iterative, sustainable improvement with longitudinal benchmarking and 

feedback to patients, clinicians, and healthcare organization leaders.3 LHSs can operate 

within an individual healthcare unit or organization, across multiple facilities, or at the 

healthcare system level.4

LITERATURE SEARCH METHODS

From an initial scan of the literature we realized that many aspects of relevant programs 

that apply LHS models in stroke may not be identified using search terms such as: 

‘learning health system*’ (where * indicates a wildcard for searching), ‘learning healthcare,’ 

‘learning health-care,’ ‘systems of care,’ ‘care quality,’ ‘quality improvement,’ ‘improv*,’ 

or ‘implement.*’ Adding terms such as: ‘data-driven,’ ‘hubs’, ‘collaborat*’ ‘stakeholder,’ 

‘translation,’ ‘data infrastructure,’ ‘evidence-based,’ ‘informatic*’ or ‘ehealth’ yielded many 

articles but few of direct relevance to the LHS concepts. In the review by Platt et al assessing 

the first 10 years of LHS from 2007 to 2017 no eligible articles related to the field of stroke 

were found, and only two for cardiology.6 Therefore, we used a two-part approach for this 

topical review.

First, we undertook key word searches in Medline and Web-of-science (core collection) to 

identify relevant articles describing a LHS applied to stroke. Titles and abstracts generated 

from the searches were checked for relevance, duplicates were deleted, and full articles 

were retrieved and retained if within scope of this topical review. Reference lists and article 

citations were manually searched to aid in finding additional articles. The information 

from the articles was summarized and presented in a narrative format under major themes 

and subthemes. For this article we report on the features of LHS approaches applied 

to cerebrovascular disease (ischemic or hemorrhagic stroke and transient ischemic attack 

[TIA]) from the identified published literature. Figure 2 was developed to describe the core 

elements of a Stroke Learning System.

Second, we designed a case study survey template including 54 closed or open-ended 

questions/sub-questions to be completed in a Qualtrics survey that mapped onto the Figure 

1 framework. We identified senior stroke clinical and policy leaders, involved in World 

Stroke Organization committees and programs, to provide LHS cases from different regions 

of the world to enrich our published information with real-world examples. In addition, 

we identified a lead author who had recently published a quality improvement program 

for stroke in China to invite them to contribute a case example. We also invited an 

author to describe a QI project for TIA from the United States Department of Veterans 

Affairs. Invitations to participate and complete the electronic survey were distributed 

to 11 individuals by email and each person received one reminder. Invited contributors 

were requested to describe the LHS approach used in their country, which LHS elements 

were included, and what component of the stroke continuum of care was the focus (i.e. 

prevention, treatment, rehabilitation). Respondents were encouraged to provide relevant 

publications.
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RESULTS

The Stroke LHS Literature

Overall, relatively few articles were retrieved that described a LHS applied to stroke care 

despite multiple refinements to the key word searches. We found several articles that 

outlined a roadmap for achieving the vision a LHS for stroke.14–17 We also identified a 

scientific statement from the American Heart Association on LHS and cardiovascular care.5 

In this emerging field, few articles explicitly described all of the core features of a LHS 

(e.g., equity, inclusiveness, person focused, privacy, etc; Figure 1) or all elements of a LHS 

in stroke care (e.g., performance indicators, data systems with benchmarking, continuous 

learning for improved quality, stakeholder input, etc; Figure 2). It may have been that in 

some cases all LHS features were included in the actual implementation of the program, but 

that these components were not explicitly described in the references. The focus of LHSs 

for stroke ranged from targeting prevention,16,18–20 acute treatment of ischemic stroke,17,21 

TIA,18,22 oral care to prevention of complications after intracerebral hemorrhage,23 and 

systems-level adoption to improve the whole patient journey from symptom onset to life 

back in the community.15,24,25 Overall, we found more publications from high income than 

low-to-middle income countries. There was evidence of the desire to adopt and embed stroke 

LHSs in low-to-middle income countries.14,26

LHS Published Reports from High Income Countries—Within Canada, six of 

thirteen provinces established an integrated stroke system between 2005 and 2012 based 

on national guidelines and tools developed by working groups and supported by public 

awareness campaigns.25 In these provinces there was specific designation of comprehensive 

stroke centers with regional strategies to guarantee access to recommended interventions 

such as thrombolysis and stroke unit care, as well as inter-provider collaboration with 

telemedicine and performance reporting. These provinces formed a provincial committee 

and committed funding to support the programs. To better understand the impact of stroke 

systems of care, differences in stroke mortality between provinces with and without these 

systems were compared as part of a real-world, retrospective cohort analysis.25 The authors 

reported a sustained decrease in 30-day in-hospital mortality commensurate with an increase 

in resources to establish the multifactorial stroke system intervention for stroke treatment 

and prevention.25 Explicit reference to this systems approach being a LHS was not made.

A regional ‘learning collaborative’ example from Canada is the Saskatchewan Acute Stroke 

Pathway. This was developed in 2014 by a multidisciplinary team of experts and included 

representatives from the Ministry of Health, the Saskatchewan Health Quality Council, the 

individual Saskatchewan Health Regions, Emergency Medical Services (EMS), and patient 

representatives.21 Process mapping was used to define the hyperacute stroke patient pathway 

and enabled continued study and refinement that led to a culture of continuous improvement 

in Saskatchewan. Between June 2015 and December 2016, five different centers trialed 

the proposed pathway using a series of Plan-Do-Study-Act (PDSA) cycles with the 

final pathway deployed province-wide across nine centers in January 2017. Stakeholder 

engagement, including stroke caregivers, at multiple sites as well as the establishment of 

stroke champions were identified as major success factors. In addition, facility-based stroke 
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leadership teams were essential for knowledge translation and implementation of the new 

protocols, achieving engagement of local medical and health system leaders, providing local 

education of EMS partners, and supporting local data collection processes. The provincial 

Acute Stroke Pathway committee provided medical leadership and practical support and 

feedback to the facility-based stroke teams in supporting their commitment to change.21 

The collaborative nature of the program allowed for process improvements to be discussed 

regularly with multidisciplinary teams across different centers supporting a shared learning 

culture. From the successes of this experience, the province committed to developing 

a centralized dashboard to provide access to real-time data. The Saskatchewan Health 

Authority planned to expand to other aspects of stroke care as part of a new comprehensive 

stroke strategy.21

There is also evidence for a single site LHS approach from Canada described as a 

‘quality improvement framework.’ Kappor et al demonstrated the advantages of inter-

departmental approaches to optimizing acute neurovascular imaging for patients with TIA or 

minor stroke.27 Specifically, they engaged stakeholders in all aspects of the intervention 

development including establishing and visibly promoting an agreed memorandum of 

understanding between the departments involved. They also designed and implemented 

an electronic decision support tool integrated into the electronic health system to guide 

physicians at the time of test ordering and provided education in various formats. This 

reinforced the intervention for the first 15 weeks of implementation through daily active 

surveillance, and contacting the physicians involved in protocol deviations via email to 

ensure they were aware of the protocol. The benefits of the intervention, assessed using an 

interrupted time series analyses, included an increase in the proportion of eligible ‘high-risk’ 

patients receiving appropriate care and enhanced efficiency given a reduction in duplicate 

vascular imaging.27

In the United States (US) there were also several stroke LHS examples. A methods paper 

described the development and optimization of a regional systems of stroke care with 

the primary objective to increase use of reperfusion therapies and reduce door-to-needle 

(DNT) times.17 Ehrich et al proposed use of a ‘systems-of-care engineering approach’ 

to be implemented for nine hub hospitals and their spoke sites, across four US states, 

for the IMPROVE stroke care project.17 The stakeholders included the public, emergency 

medical services (EMS), and acute stroke hospitals. The system was based on establishing 

a manual of operations as a living document that could be updated as new knowledge 

emerged from the consortium or as published evidence for stroke changed. They proposed 

access to near-real time data to evaluate effectiveness by working with health information 

technology groups to create a seamless data collection system that can harness mobile 

technology/equipment and can allow self-reported patient data to be captured.17 Explicit 

reference to this systems approach being a LHS was not made.

In a second example, a LHS systems approach to support clinical teams to improve the 

quality of care for patients with TIA was evaluated within six Department of Veteran Affairs 

medical centers.22 The program was designed on the basis of stakeholder interviews, the 

existing literature, validated electronic quality measures, and baseline quality of care data 

identifying opportunities for improvement.28 The five component TIA LHS (referred to 
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as the PREVENT program) included: multi-media professional education; a digital ‘hub’ 

that included a dashboard for dynamic quality of care data displays;18 QI support, tools 

and resources, and a virtual collaborative29 to share lessons learned across teams; clinical 

programs (e.g., pharmacy-based medication protocol, ED TIA protocol), and electronic 

health record tools (e.g., patient identification tools, templated notes, order menus).28 

External facilitators supported program implementation.30 The program improved care 

quality at the six active implementation sites. Sites with the greatest implementation success 

were those with champions whose teams engaged in planning and goal setting, and regularly 

reflected upon their performance data and evaluated their progress against their QI plans.31 

Based on the strength of the quality improvement at participating sites, the PREVENT 

program was deployed across the national Veteran Affairs system which is the largest 

integrated healthcare system in the US (see below for the case example).

A third example from the US stems from the states funded by the Centers for Disease 

Control and Prevention to participate in the Paul Coverdell National Acute Stroke 

Registry.32 Several states transitioned from surveillance and retrospective analysis of data 

in the registry to active programs aimed to improve quality and outcomes.33–35 For example, 

a quality improvement initiative for stroke was designed by the Wisconsin Coverdell Stroke 

Program within a single ‘model’ hospital. Developmental evaluation approach was used 

whereby the evaluators collaborated with the project stakeholders to address process issues 

within dynamic contexts to co-design interventions.15 Process mapping and stakeholder 

interviews were undertaken to provide in-depth detail on the local challenges and successes 

associated with their patient and data flow. Patient and caregivers provided feedback, as well 

as EMS and hospital clinical staff. Accountability, communication and partnerships were 

the main themes that emerged from the interviews and the evaluation provided a method 

for stakeholders to identify opportunities to work more effectively by agreeing on shared 

strategies.15

The Coverdell program partnered with the Joint Commission and the American Heart/

Stroke Associations Get With The Guidelines®-Stroke (GWTG-Stroke) programs to align 

performance measures, reduce duplication and encourage hospitals to participate in one 

or more programs. Although networks in these programs employ different LHS concepts, 

explicit reference to LHS is not made. GWTG-Stroke is an example of a hospital registry 

and quality improvement program that has leveraged real world clinical data to advance 

knowledge and drive evidence into practice. The hospital-based GWTG-Stroke program 

focuses on performance measurement and the use of Plan Do Study Act cycles for 

ongoing, rapid quality improvement. Learning sessions provide a forum for sharing across 

participating facilities and to disseminating emerging evidence. Hospital awards offer 

public acknowledgement of stroke QI achievement.36 The GWTG-Stroke program has been 

successfully implemented at over 2000 US hospitals, which accounted for approximately 

half of index stroke patient admissions annually.36 Participation in the GWTG-Stroke 

program has been associated with improvements in care quality (e.g., increased use 

of antithrombotics, thrombolysis, smoking cessation education) in the US.36–40 While 

significant in the overall improvements made in stroke care and outcomes, reports to date do 

not explicitly describe components of LHSs at the individual participating institutions. More 

specifically, the capacity at local hospitals to examine their data, partner with informaticists 
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and integrate GWTG-Stroke data with other hospital or community data is not addressed 

in publications. It is also unclear if individual hospitals engage patients locally to guide 

generation of evidence, innovation and improvements to care. The use of incentives in 

GWTG-Stroke is also an area for further investigation.

In some regions and countries, networks have tested specific strategies for improvement 

including those from China, South America and Australia.41–44 Each exemplifies one or 

two LHS components, but none address how the participating hospitals and health systems 

operationalized these beyond the study for long-term evidence generation, innovation and 

improvements to care and outcomes. Even among the most robust studies is a dissemination 

gap in how participating hospitals and healthcare systems were subsequently able to sustain 

clinical decision support, predictive models, surveillance, and comparative effectiveness, 

implementation or quality improvement research.

A single stroke center LHS in Japan used data to drive improvements to clinical pathways 

and prevent complications following intracerebral hemorrhage associated with poor oral 

care.23 The authors described the use of machine learning to identify risk factors specific 

to patients with stroke to create a risk-stratified clinical pathway to improve the quality 

of oral care. This LHS evolved between 2012 and 2018 and, consequently, a decrease in 

stroke-associated pneumonia was found.23

In the United Kingdom a co-designed clinical decision support system integrated with 

the electronic medical record for the management of risk factors for stroke secondary 

prevention among patients with multimorbidity has been described; a future feasibility trial 

is planned.16,19 The comprehensive stakeholder engagement process used in designing, 

prototyping and evaluating their decision aid for use in general practice settings was 

undertaken using qualitative interviews. The authors state that their comprehensive approach 

sets the standard for delivering LHS interventions for clinical practice.16

In the Czech Republic, LHS approach was used to dramatically shorten national DNT time 

for intravenous thrombolysis (IVT). In a population of around 10 million, there are 13 

comprehensive and 32 primary stroke centers in the Czech Republic, all of them certified 

by Ministry of Health. Referral of patients by EMS is legally mandated only within certified 

network. More details about development and organization of national stroke network were 

published.45

Based on the evidence that shorter onset-to-treatment time improves outcome after IVT, 

Czech Stroke Society facilitated collection of relevant logistical data in Registry of 

Stroke Care Quality and provided monthly feedback to every stroke center. Using other 

supplementary activities such as simulation training and with involvement of Angels 

Initiative, national DNT time for IVT was shortened to national median 25 minutes in 

201845 and 22 minutes in 2019.46 Next, analysis of impact of shortening of DNT on 

outcome documented that dramatic shortening of DNT improved outcome without any 

negative impact on e.g. risk of bleeding (actually it was opposite = less bleeding).46 Based 

on the evidence, that ultrashort DNT is feasible to be achieved in any type of the hospital 

and that such shortening is improving outcome, Czech Stroke Society modified national 
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stroke guidelines and since 2021 recommend that target median DNT time should be below 

20 minutes.

Reports from low-to-middle income countries

With the transition to a universal health care in the Philippines, policy has been 

established to build capacity for acute stroke management and establish Acute Stroke Ready 

Hospitals.14 The authors detailing the current state of stroke care in the Philippines included 

recommendations for leadership and governance, financing, service delivery and the health 

workforce capacity, and the need for more integrated data reporting systems to address 

recognized gaps.14 Explicit reference to the systems approach being recommended as a LHS 

was not made.

In 2015 there was a call to build a LHS for stroke and heart disease for China to increase 

accessibility to high quality care, and underpin it with the capacity to monitor performance 

to learn about what works best for particular subgroups of patients.26 Subsequently, the 

Chinese Stroke Center Alliance emerged to support uptake of national stroke guidelines, 

provide quality improvement tools including a monitoring and feedback system for 

performance measures.24 By 2017, 1576 hospitals had contributed data and the alliance 

committed to provide ongoing training workshops of stroke center development and stroke 

care to improve stroke center expansion and stroke care quality.24 Many reports have 

emerged and efforts are ongoing.47

Quality improvement collaboratives: a stepping stone for learning health systems in stroke

A systematic review of ‘quality improvement collaboratives (QIC)’ included 20 papers 

which described 12 QICs.48 The individual QICs ranged from having 10–24 sites 

and covered different aspects of stroke care including pre-hospital care, hospital care, 

rehabilitation, and primary care settings.48 The methods covered shared learning lessons, 

local QI activities in various formats with the majority having access to web-based/

electronic data systems to receive performance feedback. The authors of this review found 

that the greater the complexity of the QIC the more challenging is was to implement and 

achieve positive outcomes. In some organizations, little experience with QI initiatives or the 

lack of familiarity with national data registries led to poor uptake or limited improvements 

being reported. Other barriers included lack of organizational or local leader support, limited 

access to resources, or the sole reliance on one clinical champion. It was also found that 

when QIC support and resources were no longer available that continued improvement 

might not be sustained. Limitations identified within this body of research was lack of 

involvement of patients or caregivers in providing their perspectives of QI and only half 

of the QIC measured patient outcomes.48 The authors call for future research to focus on 

methods to sustain the benefits of short-term QIC and that engagement, communication and 

access to best-practice examples could enhance QIC success. Explicit reference to adoption 

QIC components within a LHS was not made. In this review, the majority of included QICs 

were from high income countries including US, England, Netherlands and Australia, with 

one example from Taiwan.49
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International LHS Case Examples

We provide seven case examples of LHS from Nigeria, Africa (Af), Australia (Aus1; Aus2), 

the Czech Republic (CZ), New Zealand (NZ), Sweden (SW) and the United States (US). 

The focus of the LHS examples included pre-hospital care (Aus1, SW), acute stroke care 

(Af, Aus1, Aus2, CZ, NZ, SW, US), TIA care (US), prevention (Af, CZ, SW), telemedicine 

(Af, Aus1, NZ, SW), rehabilitation care (CZ, SW), and long-term care (SW). Three of the 

examples represented a national approach while the others were based at the regional level. 

Full details are provided in the Supplemental file.

Use of Science and Informatics differed in terms of the sources of data (periodic audit, 

use of administrative data, continuous collection via registries) and ranged from having 

real-time access to data reports (n=6) using dashboards and benchmarking. In terms of 

Patient-Clinician partnerships, 4/7 case examples included patient representatives on their 

governance committees. In several case examples it was possible for patients to access their 

health records or update their own data (US) or receive a copy of their data (NZ, SW). The 

Continuous Learning Culture described included interdisciplinary engagement with leaders 

from academic, clinical, government/non-government and patient organizations. National 

clinical guidelines were used for developing or updating LHS priorities for monitoring and 

QI. Multiple strategies were used to update best practice approaches including education 

sessions; webinars; community advisory board meetings; peer engagement workshops; 

reports to government, collaborative communities/networks, advocacy with non-government 

bodies, journal articles, media and communication via emails, websites and conferences.

All case examples used QI initiatives or strategies to improve stroke care. The strategies 

most often used were education, hospital/clinician engagement, audit and feedback 

including use of regular PDSA cycles, quality metrics, workshops (virtual/face-to-face), 

hospital visits/external facilitation, webinars/virtual collaboratives, reminders, staff meetings 

protocols or clinical pathways, or systems redesign-based kick-offs. In terms of Structure 
and Governance, each LHS example had a leadership group with clinical experts for 

oversight and direction with varying membership of community representatives, government 

of broader stroke society networks. There were only two case examples that used financial 

incentives directed at health services providers as part of their LHS approach (Aus2, NZ). 

While in 2/7 public reporting was used as an incentive or open peer reporting as the basis for 

motivating care improvements.

The lessons learned from the implementation of stroke LHSs based on these case examples 

are described in Table 150–55 and included: the critical role of quality of care data (CR, 
NZ, SW, US), the importance of adequate staffing (Aus1), the effectiveness of financial 

incentives (Aus2), the value of leadership involvement (CR), the benefits of a multi-pronged 

approach (NZ), the imperative to include everyone to reduce inequity (NZ), and the 

difficulty with program sustainability (US).

DISCUSSION

In the field of stroke, we found only a few published examples of LHSs and health systems 

globally are implementing some selected LHS concepts, but the term is not common. A 
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major barrier to identifying relevant LHS examples in stroke may be the lack of an agreed 

taxonomy or terminology for classification. Related, it is quite possible that health service 

delivery settings that leverage many of the LHS concepts do so operationally and the lessons 

learned are not shared in peer reviewed literature. Although the field of LHSs applied to 

stroke care seems to be in its infancy, it is quite possible that related advancements and 

high functioning systems have not yet been examined through this lens. The evolution of 

quality improvement programs such as GWTG-Stroke or national clinical quality registries 

into fully realized LHS can be advanced through technology and greater involvement in 

patient-clinician partnerships. This will increase the capabilities within organizations to 

embed intelligent automation and clinical decision support. It will also support greater 

involvement of their patients to provide input on clinical and research matters or engage 

with their health data to understand their health, care management, and personal actions 

that support it.5 It is also acknowledged that health system leaders seeking to transform 

their organization toward an LHS needs to make significant monetary investments, hire staff 

with specialized skills, and re-allocate effort toward continuous learning and knowledge 

generation.1

It is likely that this topical review will further stimulate the stroke community to disseminate 

related activities. Easterling, et al evaluated 79 LHS publications across various clinical 

domains and identified 94 LHS elements which they organized into a LHS consolidated 

framework.1 The four most common elements were: the system generates knowledge or 

evidence, QI activities are standard practice, patients and family members are actively 

engaged, and there is a learning culture. Similar trends were identified in this topical review 

and it is expected that the adoption of LHS terminology in publications on stroke will 

grow. In 2017 the AHA published a scientific statement with recommendations for next 

steps in the development of a LHS for cardiovascular disease.5 Recent enhancements to data 

infrastructure and informatics tools (e.g., validated electronic quality measures,56,57 natural 

language processes to extract radiology information58) and acceptance of patient-provider 

partnerships and continuous learning will further support the transformation needed for 

stroke care. Specifically, this AHA Scientific Statement5 provides an important outline 

for the framework elements of Science and Informatics, Patient-Clinician partnerships, 

Leadership, culture and incentives related to what success would look like as a useful road 

map for continued movement toward functional LHSs. Our paper extends these concepts to 

provide additional guidance on structure and governance with examples for readers.

Learning is fundamental to the LHS model.59 As facilities, systems, and countries develop 

and implement stroke LHSs as outline in Figure 2, they should explicitly consider how 

to optimize ongoing learning and adaption. That is from 1) evidence generation and 

synthesis (including mechanisms to share evidence and guidelines as they emerge); 2) 

engagement with stakeholders (including patients, front-line clinicians, and hospital or 

health system administrators); 3) standardized data (including access to real-time, high-

quality performance data); and 4) shared learning (specifically from other participants in 

the LHS, where the learning includes both stroke-specific information as well as topics in 

quality improvement and implementation science). Both the literature and case examples 

highlighted in this topical review underscore the importance of developing cultures that 

embrace learning and QI. There is a tremendous opportunity for greater learning across 
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the stroke community and also for learning from more established LHSs with non-stroke 

conditions including pediatric liver transplantation,60 inflammatory bowel disease,61 and 

lung cancer care.62 In the future, it may be a requirement that QI articles in stroke describe 

how each of the LHS framework elements have been applied.

Health care delivery is often perceived as a set of resources and processes decided upon 

by health care providers, administrators, payors and politicians. However, it is important 

to recognize that a high quality LHS will have clear and active engagement of patients, 

families, clinicians and external stakeholders. Stakeholders and partners are integral to every 

LHS core feature and they should have a role in every component. This level of inclusion 

may require a shift for some work cultures; only half of our case examples included patients 

as partners. A study of 16 LHSs in the US found that the level of involvement may change 

over time and research is need on how to consistently involve patients in LHSs.63

Principles from several types of research could advance the concepts of LHSs in 

the stroke community. In addition to the opportunity for leveraging community-based 

participatory research to increase patient, family and stakeholder engagement in health 

care transformation, experts in community-based participatory research can also facilitate 

the more equitable involvement, collaboration and integration of knowledge and ideas.64 

This level of engagement can support a more resilient and sustainable model of partnership 

between healthcare and non-healthcare stakeholders and build trust as a learning healthcare 

community.65 Several references to learning and QI emphasize the natural fit for 

improvement science but also the undeniable need for implementation science. Involving 

experts trained in implementation science can rapidly improve the rigor and translation 

of the cycles of learning, disseminating and scaling sustainable value-based strategies for 

evidence-based care delivery.66 The measures of translation, change and improvement can 

only be possible with a firm foundation in data and informatics. Experts in the UK called 

on policy makers and funders of research and education to invest in the interdisciplinarity 

of clinical and bioinformatics as these LHSs depend on the often siloed field of experts 

that could be transformative if working together.67 community-based participatory research, 

implementation science, research translation, data science and informatics are not new to 

stroke research but could all be explored differently in this context of implementing a LHS 

to optimize stroke care quality, outcomes and costs.

We acknowledge that this topical narrative review may have missed important published 

examples including from the QI literature especially given the heterogeneity in terms used to 

describe programs that may adhere to the majority of LHS concepts, articles not published 

in English or those disseminated as grey literature such as online or organizational reports. 

There may also be publication bias if negative studies of stroke LHSs have not been afforded 

a high enough priority by editors or reviewers. Our attempt to systematically identify the 

relevant literature and obtain real world examples demonstrated the dissemination gaps, the 

lack of learning and action for many of the related LHS concepts across the continuum of 

care, and the opportunity for continued dialogue on how to study and scale LHS advances.
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Conclusions

The stroke LHS literature primarily includes programs from high income countries which 

focus most commonly on acute stroke management and prevention. The literature provides 

examples of stroke LHS from single sites, regional systems, and national healthcare systems. 

Although several QI strategies were reported to be effective for advancing stroke LHSs, 

much less is known about patient-clinician and stakeholder engagement, governance and 

culture, or sophisticated application of data informatics to inform practice or improve the 

quality and value of care. The promise of LHSs can be realized and is still necessary in order 

to further advance stroke research and continue improvements in care and outcomes.
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IVT intravenous thrombolysis

LHS learning health system

NZ New Zealand

PDSA Plan-Do-Study-Act

QI quality improvement

QIC quality improvement collaboratives

SW Sweden

TIA transient ischemic attack

VST Victorian Stroke Telemedicine

US United States
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Figure 1. Core features of a Learning Health System*
*categories and the descriptions for learning health system features were based on papers by 

Zurynski Y et al, (2020),8 Menear M et al (2019)4 and Institute of Medicine (2013)12
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Figure 2. 
The Stroke Learning System
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