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EXECUTIVE SUMMARY 617 words 

Stroke is the second leading cause of death worldwide and its burden is increasing at a faster pace in 

low- and middle-income countries (LMICs) than in high-income countries (HICs), largely because of 

increasing and aging populations worldwide. The number of people who develop stroke, die from or 

remained disabled from stroke has continuously increased over the last 30 years and is projected to 

further increase from 2020 to 2050 by 50%, disproportionally affecting LMICs. Should the current 

trends continue, the Sustainable Development Goals (SDGs) for reducing the burden of stroke (as part 

of the general target to reduce burden from non-communicable disorders [NCDs] by a third by 2030) 

will not be met.  

The growing burden of stroke across the globe prompted us to conduct a situational analysis of current 

stroke services and a critical appraisal of four sections of the stroke quadrangle: stroke surveillance, 

prevention, acute care, and rehabilitation (Figure 1). A qualitative study with thematic analyses 

identified barriers and facilitators of surveillance systems (capacity, information technology, and 

governance), prevention (system capacity, universal health coverage, and governance), acute care 

(barriers were awareness, investment, and strategy; facilitators were training, innovation, and 

networks), and rehabilitation, (barriers included complexity, scope, and awareness; facilitators were 

evidence-based care, universal healthcare and capacity building).  

Based on these findings we identified and prioritized the highest grade of recommendations 

supported by the highest level of evidence (including that from the best stroke guidelines) globally 

(Supplementary materials “Overview of Methods” pp 3-5) and proposed pragmatic solutions for 

implementation of evidence-based interventions to reduce the global stroke burden (described in 

seven interconnected sections of the Commission work: stroke burden projections from 2020 to 2050, 

thematic analysis of implementation barriers and facilitators to evidence-based interventions in 

stroke, stroke surveillance, prevention, acute care, rehabilitation, and costs). The estimated losses due 

to direct (treatment and rehabilitation) and indirect (including productivity loss) costs for stroke 

globally were in excess of US$891 billion annually. It is expected that solutions we recommend for 

urgent implementation (a summary of our key findings and suggested solutions are presented in the 

Panel) will mitigate these losses, reduce the global burden of stroke, and contribute towards achieving 

the SDG 3·4, the World Health Organization (WHO) Intersectoral Global Action Plan against epilepsy 

and other neurological disorders and WHO Action Plan for Prevention and Control of NCDs. 

Urgent measures to reduce stroke burden across the globe, particularly in LMICs, by implementation 

of more effective primary and secondary stroke prevention strategies, and evidence-based acute care 

and rehabilitation services are urgently needed (Panel 1). These measures include, but are not limited 

to, the following: (i) establishing a framework for regular monitoring and evaluation of the burden of 

stroke and  its risk factors, stroke services at a national level via a range of validated and practicable 

community-based surveys and electronic health records; (ii) implementation of integrated population-

wide and individual-level prevention strategies for people at any level of increased stroke/CVD risk to 

reduce the burden of modifiable risk factors, with a range of novel approaches such as task-shifting 

and motivational mobile technology, with the emphasis on early detection and control of elevated 

blood pressure; (iii) effective planning and delivery of acute stroke care services including reperfusion 

therapies (chemical and mechanical), workforce training and capacity building, with monitoring of 

quality indicators nationally, regionally and globally; (iv) promoting access to interdisciplinary care and 

infrastructure, training for care-givers, and capacity building of community health workers and other 
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healthcare providers for stroke rehabilitation; and (v) active and joint stroke advocacy and 

implementation ecosystem including all relevant organizations and stakeholders aimed at involving 

the general population, healthcare policy makers and governments (Figure 2). This will facilitate the 

implementation, impact and monitoring of the effects of these pragmatic solutions using suggested 

key performance indicators.   

 

Panel 1. KEY MESSAGES 

Fast growing stroke burden, with widening gap between HIC and LMICs:  

• Worldwide, stroke remains the second leading cause of death, the third leading cause of combined 

death and disability and a leading cause of dementia. Stroke prevalence has been increasing 

significantly since 2005, largely due to increasing and aging populations worldwide. The absolute 

number of people affected by stroke who die or remain disabled from stroke has almost doubled over 

the last three decades, with most of the stroke burden (86% of global deaths and 89% of global 

disability-adjusted life years (DALYs) lost due to stroke in 2020) residing in LMICs.  

• Our forecast shows that the global burden of stroke (deaths and disability-adjusted life years [DALYs]) 

will continue to grow, with widening gaps between HICs and LMICs. Multiple factors contribute to the 

burden in LMICs including undetected and uncontrolled hypertension, lack of easily accessible high 

quality health services, insufficient attention to and investment in prevention, in-house air pollution, 

population growth and changing demographics, an earlier age of stroke onset, greater proportion of 

intracerebral haemorrhagic strokes and the coexistent burden of infectious diseases competing for 

limited healthcare resources.  

Barriers, facilitators and economic case for reducing the global burden of stroke:  

• Few countries worldwide, particularly lower income countries, have comprehensive, contemporary 

stroke surveillance systems that can provide accurate data on stroke events, outcome, and risk factors. 

• Qualitative analysis of in-depth interviews of stroke experts from 6 HICs and 6 LMICs across all six WHO 

world regions unravelled key barriers and facilitators to high-quality stroke surveillance, prevention, 

acute care and rehabilitation across the globe. Major barriers were: (1) low awareness of stroke 

including evidence-based management by the community, health professionals and policy makers; (2) 

limited data on stroke risk factors, events, management, and outcomes to drive quality improvement 

and priority setting. Major facilitators included: (1) well developed stroke organizations and networks 

that could advocate and build capacity for stroke care and research; (2) universal health coverage 

which provided population-wide access to evidence-based stroke care for pre-hospital, acute care, 

rehabilitation, and prevention.  

• Stroke is highly preventable and treatable. The aim of SDG 3.4 is to reduce premature mortality from 

non-communicable diseases (NCDs) by one-third through better prevention and treatment by 2030. 

Global investment in the suggested stroke prevention, treatment and rehabilitation strategies will have 

a central role in determining the success in achieving the SDGs. 

• Based on our economic analysis, the estimated treatment, rehabilitation, and indirect costs for stroke 

will rise from US$891 billion per year in 2017 to up to US$2.31 trillion in 2050.  We make an economic 

case to governments, health ministries and other policy makers for interventions to mitigate this 

massive expense and reduce the burden of stroke globally. It is vital to promote brain health, brain 

capital and overall health and wellbeing across the globe. 

Key solutions for stroke surveillance:  
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• To adequately guide prevention and treatment, we propose various relatively low-cost surveillance 

systems and electronic means that could provide the required accurate epidemiological data on stroke. 

• We recommend incorporation of stroke surveillance into national stroke action plans or existing 

monitoring systems for NCDs, processes to identify and ascertain stroke cases in the community, and 

inclusion of surveillance of dominant stroke risk factors in the national census.  

Key solutions for stroke prevention:  

• Wider implementation of population-wide primary prevention strategies because many strokes 

(particularly in young people) occur among individuals with a predicted risk of stroke and 

cardiovascular disease (CVD) that is below recommended thresholds for intervention. 

• Raise public awareness and action to improve health and prevent stroke by population-wide 

deployment of validated mobile and digital technologies (so-called motivational mass individual 

strategy for stroke prevention) with simple, inexpensive screening for a history of CVD and presence 

of modifiable risk factors (particularly smoking, vaping, obesity, elevated blood pressure, alcohol, illicit 

drugs, sedentary behaviour, diet low in vegetables, excessive dietary sodium intake, lack of physical 

exercise) and potentially modifiable risk factors (diabetes mellitus, atrial fibrillation/flutter) for lay 

people reinforced by healthcare professionals through validated motivational digital technologies for 

person-centred primary and secondary stroke/CVD prevention, linked to local, regional and/or 

national healthcare electronic databases.  

• For implementation of primary stroke prevention on the individual level in people with any level of 

increased stroke/CVD risk, especially in LMICs, we recommend shifting/sharing of tasks from the 

limited number of health professionals to more widely accessible healthcare workers to facilitate 

stroke prevention interventions and use of polypill whenever appropriate with (for secondary stroke 

prevention after ischaemic stroke or transient ischaemic attack [TIA]) or without aspirin (for primary 

prevention).  

• Health systems should have processes to identify, screen, and manage risk factors in individuals at any 

level of increased risk of stroke. Effectiveness of the primordial and primary stroke prevention 

measures should be assessed by monitoring of stroke incidence, mortality, prevalence, and risk factors 

at the individual and population levels. 

Key strategies for improving acute stroke care:  

• Prioritizing effective planning of acute stroke care services, capacity building and training of sustainable 

workforce, provision of evidence-based and appropriate equipment, treatment and medicines, and 

adequate resource allocation at national and regional levels.  

• Establishment of acute stroke centres in hospitals through regional stroke systems of care and 

accelerating access to acute stroke treatments including intravascular thrombolysis and mechanical 

thrombectomy for ischaemic stroke that can reduce mortality and long-term disability. In centres with 

no access to emergency thrombolysis, early administration of antiplatelet drugs after ischaemic stroke 

is essential.  

• Regional networks including primary stroke centres, thrombectomy-capable centres and 

comprehensive stroke units should be created to properly and timely triage, transfer and treat acute 

ischaemic stroke, especially those with large vessel occlusion (LVO).  

• Planning and establishment of regionally coordinated pre-hospital services that are educated in stroke 

and LVO recognition scales and follow optimized triage protocols are critical for rapid access to 

reperfusion therapy including intravenous thrombolysis and/or mechanical thrombectomy.  

• Tele-stroke-based networks should be implemented to improve equity to adequate service access in 

the rural and underserved areas where stroke specialists are lacking. It is still very important for the 

government to invest in stroke education for lay people (e.g., regular F.A.S.T. campaigns) and medical 
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professionals, including workforce development for health professionals (not just clinicians with an 

interest and expertise in stroke, but also nurses and allied health professionals [physiotherapists, 

occupational therapists, speech therapists, social workers, psychologists etc]), especially for LMICs.  

• Simple nurse-driven strategies like fever management, swallow assessment, blood sugar control, 

prevention or early detection and adequate management of medical and neurological complications 

and secondary prevention measures should be implemented. It is also important to measure key 

indicators of quality of care and risk factors management on national, regional and international levels.  

Key strategies for improving stroke rehabilitation:  

• Delivery of stroke rehabilitation services in a multidisciplinary setting is highly recommended, 

emphasizing the need for education, training programs and capacity building for stroke rehabilitation 

healthcare workers, community health workers and caregivers, as well as increasing resource 

allocation for acute stroke rehabilitation and reducing out-of-pocket expenses.  

• The huge variability of capacities and rehabilitation professionals available across geographic regions 

necessitates an adaptation of evidence-based rehabilitation to the regional organizational settings, 

including training and support of family members and caregivers to assist in stroke care, and long-term 

follow-up as appropriate.  

• Digital portals can potentially be used to enhance stroke rehabilitation care by targeting all 

stakeholders using multiple suitable interactive channels to communicate and deploy solutions and 

training. 

 

 

INTRODUCTION 508 words 

The global burden of stroke remains a huge public health issue. In 2019, stroke was the second leading 

cause of death (6.6 million) and the third leading cause of combined death and disability (143 million 

DALYs) worldwide, only after neonatal disorders (in children) and ischaemic heart disease (in adults).1 

Stroke is also a leading cause of depression and dementia.2, 3 Most countries have made little progress 

towards achieving Sustainable Development Goal (SDG) 3.4, which calls for a reduction in premature 

mortality from non-communicable diseases (NCDs) by a third from 2015 to 2030.4 Achieving this 

worldwide would require US$140 billion in new spending over 2023–30, but 39 million deaths could 

be averted and $2·7 trillion in net economic benefits could be generated, with benefit outweighing 

costs by a factor of nineteen-to-one.4 Globally, stroke costs over US$891 billion annually as at 2017.5 

Thus, pragmatic solutions to reduce the burden of  stroke and related NCDs are urgently needed to 

save lives and improve brain health and human capital globally.5, 6 Any genuine effort to reduce the 

global burden of stroke must utilize solutions that are appropriate and implementable globally.  

The World Stroke Organization - Lancet Neurology Commission on Stroke is a collaboration instigated 

by the World Stroke Organization (WSO)5, 7-9 and The Lancet Neurology, supported by the World Health 

Organization (WHO) to tackle the global burden of stroke. This Commission aims to provide evidence-

based pragmatic solutions for reducing the global burden of stroke and related NCDs across the four 

sections of the stroke quadrangle (surveillance, prevention, acute care, and rehabilitation).10 The 

strategic pathways for implementation were created for the identified evidence-based solutions 

based on thematic analysis of barriers and facilitators. These goals align with SDG 3.4 (reducing 

premature mortality from non-communicable diseases (NCDs) by a third) and the WHO Global Action 
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Plan for the prevention and control of NCDs.11, 12 SDG 3.4 is closely related to the accomplishment of 

nine other SDGs.13  

A conceptual framework was designed to characterize and forecast the burden of stroke, identify and 

prioritize evidence-based interventions against stroke, characterize the barriers and facilitators to 

their implementation, and proffer pragmatic solutions for maximal accelerated impact globally (Figure 

1). We also identified gaps in evidence and practice and provided future directions for research, policy, 

and practice to control stroke across the globe. Experts with skills in the various sections led the seven 

interconnected sections of the Commission work: stroke burden projections from 2020 to 2050, 

multiple case studies mixed methods analysis of implementation barriers and facilitators to evidence-

based interventions in stroke, stroke surveillance, prevention, acute care, rehabilitation, and costs 

(Figure 2) using multiple case study mixed methods of stroke services analysis (Supplementary Figure 

1). Commissioners carried out a situational and gap analysis by reviewing existing stroke-related 

literature, guidelines and recent surveys.5, 8, 9 Pragmatic interventions to reduce stroke burden utilized 

implementation science theories14 and sustainable multisectoral implementation ecosystem with 

iterative implementation cycle15 (Figure 3). In three to five years, we plan to analyse and report 

achieved impact, progress, and remaining challenges in reducing stroke burden in the world.  

 

SECTION 1: PROJECTION OF STROKE BURDEN FROM 2020 TO 2050 2453 words 

Introduction and methods 

Previous estimates of the burden of stroke by the Global Burden of Disease (GBD) Study were limited 

to the 1990-2019 period1 and forecast life expectancy, years of life lost (YLL), and all-cause and cause 

specific mortality for 2016-2040.16 However, long-term stroke healthcare planning, priority setting and 

resource allocation require projections of the stroke burden for at least 10-30 years after the last 

actual estimates. In this section we provide estimates of stroke burden as determined by stroke deaths 

and disability-adjusted life-years lost (DALYs) by age groups (total, under 60 years, 60 years and older), 

stroke pathological type (ischaemic stroke [IS], intracerebral haemorrhage [ICH], subarachnoid 

haemorrhage [SAH]), region (global, GBD super regions), and World Bank country economic levels 

(High income countries [HICs], low- and middle-income countries [LMICs]) for the period  2020 to 

2050. The methodology for determining stroke types has been reported elsewhere.1 Forecasts of 

stroke burden were produced from cause specific GBD 2019 estimates of mortality, incidence, and 

prevalence for IS, ICH and SAH.1, 17 (details on the methodology are presented in Supplementary 

Materials section “Methods used to forecast stroke burden,” pp 5-6).  In this section, we do not include 

projections of stroke on a national level or projections of incidence, prevalence, YLL and years of 

healthy life lost due to disability (YLD), as that report will be presented in a separate paper. 

Results 

Projections of stroke deaths 

The absolute number of people who die from stroke in the world is estimated to increase by 50% - 

from 6.6 million [95% UI 6.0-7.1] in 2020 to 9.7 million [95% UI 8.0-11.6] in 2050 (Table 1, Figure 4).  

Age 

There is an estimated increase in stroke deaths in people aged 60 and older (5.6 [5.1-6.1] million in 

2020; 8.7 [7.3-10.4] million in 2050), while in younger people there will be almost no change in the 
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number of deaths in 2050 (1.0 [0.7-1.3]) compared to 2020 (1.0 [0.9-1.1]). We also forecasted a 

decrease in the age-standardized rates in both younger (under 60 years; from 13.3/100,000 [12.1-

14.5] in 2020 to 9.9/100,000 [7.2-13.6] in 2050) and older (60 and over; from 565.6/100,000 [508.6-

613.4] in 2020 to 361.7/100,000 [299.1-431.9] in 2050) people (Table 2 and 3; Supplementary Figures 

2 and 3), which indicate progress in prevention and treatment. 

World Bank country economic levels  

Projections of stroke deaths from 2020 to 2050 by World Bank country income level (Table 3, Figure 

4) show that while age-standardized stroke mortality rates will continue declining in both HIC and 

LMICs (33.7/100,000 [95% UI 29.1-36.9] and 105.8 [95% UI 95.2-115.0] in 2020, 18.9 [95% UI 15.7-

22.2] and 64.0/100,000 [95% UI 52.5-77.9] in 2050 respectively), the absolute number of people who 

are projected to die from stroke will only slightly decrease in HIC (from 0.9 million [95% UI 0.79-1.02] 

in 2020 to 0.91 million [95% UI 0.74-1.06] in 2050) and sharply increase in LMICs (from 5.7 million 

[95% UI 5.1-6.2] in 2020 to 8.8 million [95% UI 7.3-10.6] in 2050). The proportion of global stroke 

deaths in LMICs was projected to increase from 86% in 2020 to 91% in 2050. 

Region 

Among seven GBD super-regions, the highest proportion of stroke deaths (51%; 4.9 million [4.1-5.9]) 

is projected to occur in 2050 in Southeast Asia, East Asia, and Oceania, followed by South Asia (16%; 

1.6 million [1.2-2.0]), Sub-Saharan Africa, and high-income regions (8%; about 0.8 million in each). 

Although the age-standardized death rates will be reduced from 2020 to 2050 across all GBD regions 

(Figure 4) with the most significant reductions in the high-income region (45% reduction) and Central 

Europe, Eastern Europe, and Central Asia (52% reduction), the absolute number of deaths was 

projected to increase in Southeast Asia, East Asia, Oceania, Latin America, and Caribbean, North Africa 

and Middle East, South Asia, and Sub-Saharan Africa, with the most significant increase in Southeast 

Asia, East Asia, and Oceania (3.1 [2.6-3.5] million in 2020, 4.9 [4.1-5.9] million in 2050).  

Stroke pathological type  

Our forecast of age-standardized stroke mortality rates from 2020 to 2050 by pathological types of 

strokes in the world and by HICs, LMICs and GBD regions (Table 2, 3; Figure 4) showed that there will 

be a trend towards an increasing proportion of deaths due to ICH among all strokes from 44.3% in 

2020 globally to 52.4% in 2050. This is largely attributable to the proportional increase of ICH related 

deaths in LMICs (2.7 [2.4-2.9] million in 2020 and 4.8 [4.1-5.4] million in 2050), especially among 

people aged 60+ years old (2.0 [1.8-2.2] million in 2020 and 4.1 [3.5-4.6] million in 2050). The 

proportion of ICH in LMICs in 2050 is projected to be 1.5 times greater than that in HIC - 54% and 37%, 

respectively. The ICH death rate among the younger population (below 60 years) is projected to 

decrease in HIC, from 3.3/100,000 (3.0-3.5) deaths in 2020 to 2.5/100,000 (2.0-3.1) deaths in 2050. 

Among GBD regions the highest number of ICH deaths in 2050 is projected to be in Southeast Asia, 

East Asia, and Oceania – 1.5 (1.3-1.7) million in 2020 and 2.9 (2.4-3.3) million in 2050, but the fastest 

growth of ICH deaths in 2050 is projected to be in Sub-Saharan Africa (98% growth). We forecast that 

globally age-standardized mortality rates over 2020-2050 will be reduced for each pathological type 

of stroke in both age groups (<60 and 60+ years), with most reductions (over 2-fold) projected for IS 

mortality rates (from 42.6/100,000 [38.2-46.2] in 2020 to 20.5/100,000 [16.8-24.7] in 2050, especially 

in HIC (from 20.1/100,000 [17.1-22.2] in 2020 to 8.0/100,000 [6.4-9.3] in 2050) (Table 3; 
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Supplementary Figures 2 and 3). The least reduced age-standardized mortality rates were projected 

for SAH (4.6/100,000 [4.1-5.2] in 2020 and 4.1/100,000 [2.9-5.7] in 2050). 

Projections of stroke DALYs 

Similar global changes in the stroke burden over the next three decades are expected for DALYs (Table 

1, 2-5, Figure 5; Supplementary Figures 3 and 4). The total number of DALYs from stroke will increase 

over the 2020-2050 period by 31% - from 144.8 million [95% UI 133.9-156.9] to 189.3 million [95% UI 

161.8-224.9].  

Age 

Age-standardized DALYs rates in HIC are expected to significantly decrease from 699.0/100,000 [95% 

UI 629.9-761.1] in 2020 to 488.3/100,000 [95% UI 415.0-571.1] in 2050 (Table 3, Figure 4) in both age 

groups (under 60 and 60+ years old), but the absolute number of DALYs overall will only be slightly 

(non-significantly) decreased from 15.9 million [95% UI 14.3-17.4] to 15.6 million [95% UI 13.3-17.8]. 

The decrease in the absolute number of DALYs will only be observed in people under 60 years old 

(from 20.1 [17.6-23.0] million in 2020 to 13.9 [11.1-17.1] million in 2050), while in older people we 

expect a significant increase of DALYs from 47.0 (40.7-53.1) million in 2020 to 74.1 (62.8-86.8) million 

in 2050. 

World Bank country economic levels 

Although the age-standardized DALYs rates in LMICs are also expected to decrease from 

2,131.9/100,000 [95% UI 1,964.6-2,315.5] in 2020 to 1,391.9/100,000 in 2050 [95% UI 1,161.3-

1,678.4], the absolute number of DALYs will increase over the same period from 128.8 million [95% UI 

118.5-139.8] to 173.7 million [95% UI 146.8-207.7] (Table 3).  

Region 

Similar decreases in age-standardized DALYs rates were projected to happen across all GBD regions, 

with the largest decrease (40%) in Central Europe, Eastern Europe, and Central Asia. However, for 

North Africa and Middle East, and South Asia (Table 4, Supplementary Figure 4) we projected an 

increase, though not statistically significant, in the age-standardized rates of DALYs in people younger 

than 60 years.  

Pathological type of stroke 

Globally, among DALYs due to various pathological types of stroke, the largest contributor to DALYs in 

2020 was ICH (69.4 [63.5-75.3) million or 48% of total stroke DALYs), and in 2050 it is projected to 

increase to 97.0 (82.7-113.9) million or 51%, especially in people younger than 60 year (64%).  

Age-standardized rates of DALYs are projected to decrease from 2020 to 2050 across all types of stroke 

and age groups, except for SAH where these rates are expected to increase non-significantly in people 

younger than 60 years – from 97.5/100,000 (84.0-115.5) in 2020 to 103.7/100,00 (65.7-152.0) in 2050 

(Table 5; Supplementary Figure 4).  

We forecast the highest rate of age-standardized DALYs to be observed in 2050 from ICH in Southeast 

Asia, East Asia, and Oceania (992.4/100,000 [832.7-1153.4]), followed by ICH related DALYs in Sub-

Saharan Africa (848.5/100,000 [708.8-1,018.3]), IS related DALYs in North Africa and Middle East 

(656.0/100,000 [515.1-845.5]) and Central Europe, Eastern Europe, and Central Asia (649.9/100,000 
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[547.8-762.4]) (Figure 4). The latter will also experience the highest age-standardized rates of DALYs 

due to SAH (167.6/100,000 [119.1-225.71]).   

Why is the global stroke burden rising disproportionately?  

For stroke as for all chronic diseases, the population growth and aging in most countries is contributing 

most to the increasing total numbers of death and DALY events. However, the role of prevention and 

treatment to contain the increasing number of events is crucial. There is suboptimal and inequitable 

detection and control of risk factors, limited infrastructure for acute stroke care and rehabilitation, 

particularly in LMICs. In our situational analysis, approximately half of the countries had implemented 

less than half of the recommended elements for acute care with low-income countries (LICs) meeting 

only 30% of the acute care recommendations. Europe and Central Asia had services that best aligned 

with evidence-based guidelines while services in sub-Saharan Africa had implemented the fewest. 

Among LMICs, availability of physicians with expertise in stroke management was better in North 

Africa, Middle East, Eastern Europe, and Central Asia and least in Sub-Saharan Africa. Many of these 

countries also had low general doctor-to-population ratios and inadequate workforce of multi-

disciplinary healthcare workers with training on how to provide acute and chronic care for patients 

with transient ischaemic attack and stroke.  

Implications 

This is the first study that reports projections of stroke burden estimates, as determined by deaths 

and DALYs from stroke by age groups (total, under 60 years, 60 years and older), stroke pathological 

type (IS, ICH, SAH), region (global, GBD super regions), World Bank country economic development 

level (HIC, LMICs) for the period from 2020 to 2050. Globally, we found that the absolute number of 

people who die from stroke in the world will continue to increase – from 6.6 million [95% UI 6.0-7.1] 

in 2020 to 9.7 million [95% UI 8.0-11.6] in 2050, with DALYs increasing over the same period from 

144.8 million [95% UI 133.9-156.9] to 189.3 million [95% UI 161.8-224.9], although age-standardized 

mortality and DALYs rates will continue to decrease – from 83/100,000 (75-90) and 1747/100,000 

(1612-1892) in 2020 to 54/100,000 (44-66) and 1229/100,000 (1030-1477) in 2050, respectively. The 

rate of  increase of stroke deaths and DALYs for the 2020-2050 period compared to 1990-2019 period1 

decelerated (deaths from 43% to 50%; and DALYs from 31% to 32%), but it was not statistically 

significant.  

While the proportions of stroke deaths in LMICs and HICs in the total global stroke deaths in 2020 

were 86% and 14%, respectively, in 2050 it was projected to increase to 91% in LMICs and decrease 

to 9% in HICs. Similarly, the proportions of stroke DALYs in LMICs and HICs in total global stroke DALYs 

in 2020 were 90% and 10%, respectively, while in 2050 it was projected to amount to 92% in LMICs 

and 8% in HICs. These findings suggest widening gaps in stroke burden between HIC and LMICs. Among 

the GBD regions the largest proportion of stroke DALYs compared to global DALYs in 2050 will continue 

residing in the Southeast Asia, East Asia, and Oceania region (46%).  

Our findings also indicate a relative (compared to the 1990-2019 period) increase in the contribution 

of ICH to the overall increase in stroke burden in the world, especially in Southeast Asia, East Asia, and 

Oceania. However, the fastest growth of ICH deaths in 2050 is projected to be in Sub-Saharan Africa 

(98% growth).  As the main risk factor for stroke and particularly for ICH is elevated blood pressure 

(hypertension),1, 18 our forecasts support a call for improving prevention and treatment of 

hypertension in the world.19  
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A recent pooled analysis of 104 million study participants from 1201 population-representative 

studies19 showed that the number of people aged 30-79 years with hypertension doubled from 1990 

(331 [95% CI 306-359] million women and 317 [292-344] million men) to 2019 (626 [584-668] million 

women and 652 [604-698] million men), despite stable global age-standardized prevalence and among 

those with hypertension only 23% (95% CI 20-27) of women and 18% (16-21) of men had their blood 

pressure under control. This may be related to the wide use of high CVD risk threshold for initiation of 

pharmacological treatment of elevated blood pressure.20-24 Targeting individuals with high CVD risk 

and applying treatment thresholds for primary CVD prevention might be adequate for an identifiable 

minority, but this approach precludes access to prevention and effective treatment for a large 

proportion of the population.25-27 There is reliable evidence from recent meta-analyses of large 

randomized controlled trials that a pharmacological reduction of blood pressure reduces the risk of 

stroke and CVD irrespective of the baseline level of blood pressure across all age groups.28 Based on 

the totality of evidence, the World Stroke Organization and the World Federation of Neurology 

recently called for revision of currently used primary prevention guidelines for stroke and CVD,29 and 

switching attention from high CVD risk strategy to primary prevention strategies in people with any 

level of increased stroke/CVD risk, with focus on early detection and adequate management of 

hypertension. 

Although a key driver in forecasting estimates of stroke deaths and DALY counts is population growth 

and aging, our survey analysis also suggests an insufficient level of, and inequity in, access to high 

quality prevention, acute and rehabilitation services across the globe will drive stroke-related deaths 

and DALYs, particularly in LMICs. 

Gaps and future directions for stroke burden projections  

While this is the first report on stroke burden projections for the 2020-2050 period, we do not include 

projections of stroke on a national level or projections of incidence, prevalence, YLL and years of 

healthy life lost due to disability (YLD), as that report will be presented in a separate paper. Planned 

forecasts of the future burden of stroke include modelling of the effects of various preventative 

(primary and secondary), treatment and rehabilitation interventions on stroke burden and its 

economic cost at global, regional, and national levels. 

Conclusions 

Our forecast shows the burden of stroke in the world will continue growing, with widening gaps 

between HIC and LMICs, although the pace of the increase in 2020-2050 period is slower than that in 

the 1990-2019 period. Projected failure to meet the Sustainable Development Goals 3.4.1 and further 

increase in stroke burden in the world, particularly in LMICs and especially in Southeast Asia, East Asia, 

Oceania and Sub-Saharan Africa regions, calls for urgent actions to improve stroke prevention and 

treatment across the globe (Panel 2). 

 

Panel 2. KEY MESSAGES FOR STROKE BURDEN PROJECTIONS  

Findings: Consistent with the increasing population size and aging in most countries, we found that 

the absolute number of people who die from stroke in the world will increase by 50% - from 6.6 

million [95% UI 6.0-7.1] in 2020 to 9.7 million [95% UI 8.0-11.6] in 2050, with DALYs increasing over 

the same period by 31% - from 144.8 million [95% UI 133.9-156.9] in 2020 to 189.3 million [95% UI 

161.8-224.9] in 2050. However, age-standardized mortality rates will continue decreasing – from 
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83/100,000 (75-90) and 1747/100,000 (1612-1892) in 2020 to 54/100,000 (44-66) and 1229/100,000 

(1030-1477) in 2050, respectively. While 86% of the total global stroke deaths in 2020 occurred in 

LMICs, this was projected to increase to 91% by 2050. Similarly, 88% of the global stroke DALYs in 

2020 occurred in LMICs while it was projected to amount to 92% by 2050. 

Implications:  

• Our findings provide evidence that the stroke burden in the world, as measured by the number 

of people who die or remain disabled, will continue increasing, disproportionally affecting 

LMICs, with the disparities in stroke burden between HICs and LMICs increasing even further. 

• Should the current strategies in stroke prevention, risk factors prevalence and demographic 

trends continue, the Sustainable Development Goals for stroke burden reduction will not be 

met. 

•  Urgent measures to reduce stroke burden across the globe are needed, with the emphasis on 

LMICs and implementation of more effective primary stroke prevention strategies targeting 

first of all early detection and adequate management of hypertension. 

Key research gaps and future directions for stroke burden projections:  

• Ongoing forecasting of various stroke burden metrics (including costs) at global, regional, 

national and sub-national levels. 

• Development of interactive tools (including maps and figures) showing the expected impact 

(short-term and long-term) of various preventative (including control of various risk factors), 

treatment, healthcare and rehabilitation interventions on global, regional and national stroke 

burden metrics (incidence, prevalence, deaths, YLLs, YDLs, DALYs, and economic benefits). 

• Determination of impact of stroke burden on brain health burden at global, regional and 

national levels. 

 

SECTION 2: ECONOMIC IMPLICATIONS OF STROKE FROM 2017 TO 2050   1022 words 

Global medical care expenses associated with stroke have been estimated to be as high as US$ 315 

billion in 2017, with a further US$ 576 billion foregone in income losses.5 Given that stroke incidence 

rises with age, a combination of growing populations and aging demographic changes is likely to result 

in large increases in global deaths and disability from stroke in the future unless major improvements 

are seen in population prevention programs that reduce the risk of stroke. The GBD team forecasts 

that the annual number of deaths from stroke would rise from 6.6 million in 2020, to almost 9.9 million 

by 2050, and DALYs lost from stroke would increase from 145 million in 2020 to 185 million by 2050. 

The forecasts also indicate the number of stroke deaths would become more concentrated in Asia, 

rising from 4.1 million in 2020 (61.3% of the global total) to 6.6 million in 2050, or about 68.9% of 

global deaths from stroke. The share of Sub-Saharan African countries in annual global stroke deaths, 

although smaller relative to Asia, will also rise, from 6.2% in 2020 to 8.0% in 2050. Therefore, by 2050, 

not only will the economic implications of stroke be significantly higher than their current levels but 

will also more likely to be felt in Asia and Africa, and more generally, in LMICs. 

Although income/indirect losses can be expected to rise over time, the rise is less sharp than for direct 

expenses and is primarily the result of two factors (for methodology of the global stroke economic 

burden estimates for 2050, see Supplementary materials pp.29-31). The first is that the working age 



12 
 

population (aged 15-64 years), the primary driver of income losses from stroke in our projection 

model, is expected to increase only slightly from 2020 to 2050 but is expected to fall sharply in China 

and in countries that are currently classified as high-income according to UN projections.30 The second 

is our assumption that people will retire at age 65, the same as used to estimate income losses from 

stroke in 2017, as in Owolabi et. al.5 If work participation rates at older ages were to increase over 

time, particularly after age 65, the projections will underestimate income losses from stroke in 2050 

(Supplementary Tables 1 and 2).   

The estimated aggregate economic costs of stroke, including direct costs and income losses, range 

from US$0.74 trillion to US$1.07 trillion in 2017 prices. But by 2050, these costs are projected to rise 

to between US$0.88 trillion to US$2.31 trillion in 2017 prices (Table 6).   

Figure 7 highlights trends in direct costs and income/indirect losses from stroke between 2017 and 

2050. Both project large increases in the direct costs and income losses from stroke in middle income 

countries and increases in direct costs in high-income countries (HICs). Projections also provide 

evidence of increased economic impacts of stroke in low-income countries but overall, their share in 

global costs is likely to remain small.  

These projections of the economic consequences of stroke should best be thought of as indicative 

owing to the considerable uncertainties involved in predicting future direct costs and income losses. 

The accuracy of our projected economic implications of stroke in 2050 is crucially dependent first on 

the economic forecasting model used. We used a particularly simple model that relied solely on 

demographics, regional characteristics and starting GDP per capita for each country. While our model 

captures key elements of standard empirical growth models, richer models of economic growth would 

also account for projected changes in educational attainment, capital investments, changes in the 

policy environment and climate implications. However, predicting these variables may further add to 

the imprecision of the projected effects on income losses. Further, our estimates of the direct costs of 

stroke are dependent on assumptions about the relative rate of price increase of non-medical goods 

and stroke treatment. The prices of these goods and treatment will in turn depend on treatment 

practices, emergence of new treatment technology and diffusion of stroke treatment practices from 

HICs to the rest of the world, some of which will raise costs of treatment. Conversely, economies of 

scale and scope might lower treatment costs. Our strategy was to assume two different rates of 

expenditure growth in stroke treatment to try to account for this – 1% above non-medical expenditure 

inflation, and 3% above non-medical expenditure inflation.    

Economic case for interventions to reduce the burden of stroke 2017 to 2050 

The projected large increases in the economic cost of stroke between 2017 and 2050 imply major 

declines in the wellbeing of people who have had a stroke and their households, far into the future. 

These financial implications underline the importance of identifying interventions to prevent and 

manage stroke cases in a cost-effective manner. Large economic gains from effective interventions 

are potentially available from reduced treatment and rehabilitation expenses in both HICs and LMICs. 

There is a sufficient body of evidence to show that achieving the UN Sustainable Development Goals 

and WHO health targets with low-cost interventions (e.g., <US$1 per person a day in LICs and <$3 a 

day in MICs) could reduce the mortality rate for stroke and ischaemic heart disease by 10%. Another 

promising strategy to reduce stroke incidence and mortality is to reprioritize health investment 

streams towards population-wide primary prevention across the lifespan. It has been estimated that, 

for every US$1 spent on the prevention of stroke and cardiovascular disease, there is a more than $10 
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return on investment and that the most cost-effective preventive interventions are those that are 

focused on risk factors. Recent estimates of scaling up prevention of neurological disorders, including 

stroke, in just 11 countries (USA, Brazil, Colombia, China, Japan, Germany, Italy, Romania, UK, Kenya 

and Lebanon) to adequate levels by 2030 could save US$2.4 trillion, while scaling up treatment 

rehabilitation to the required level would save US$911 billion and US$727 billion, respectively.31 

Additionally, primary prevention efforts directed at stroke are likely to yield large gains due to the 

secondary effects of reducing the risk of heart disease, type 2 diabetes, dementia, and some types of 

cancer that share common risk factors, thus supporting achievements of a range of SDGs. 

 

SECTION 3: STROKE SURVEILLANCE 2813 words 

Introduction 

Epidemiological surveillance systems are fundamental for evidence-based planning, resource 

allocation and priority determination for the reducing the burden of stroke.32 When well designed and 

implemented, these systems provide comprehensive and contemporary information on risk factors, 

incidence, prevalence, and outcomes of stroke. Data from these systems can be used to develop, 

implement and evaluate programs for stroke prevention, acute care and rehabilitation.33 The WHO 

Intersectoral Global Action Plan on Epilepsy and other Neurological Disorders34 acknowledged the role 

of surveillance data in reducing the burden of neurological diseases. The Global Action Plan sets a 

target of 50% of countries to regularly collect and report on core indicators for neurological diseases, 

by 2031. In this section, we provide evidence on the progress of stroke surveillance towards this goal. 

We also highlight gaps in current surveillance systems and explore pragmatic strategies for improving 

stroke surveillance systems globally. 

Situational and gap analysis 

An ideal stroke surveillance system should include nationally representative data on the incidence, 

prevalence, quality of care, and outcomes (e.g., death, disability) of stroke, and prevalence of risk 

factors. These indicators are essential for informing strategies to reduce the burden of stroke. Here, 

we report the current level and gaps in stroke surveillance across the world. Countries are summarized 

by: (a) the level of economic development, i.e., low-income country (LIC), lower middle-income 

country (MIC), upper MIC, or developed/high-income country (HIC); and (b) the GBD region. GBD 

super regions include HICs; Latin America and Caribbean; Sub-Saharan Africa; North Africa and Middle 

East; Southeast Asia, East Asia, and Oceania; South Asia; Central Europe, Eastern Europe, and Central 

Asia.  

Review of the current state of surveillance of stroke events and outcomes 

Surveillance of stroke events can come from stroke incidence studies, registries or population-level 

data on hospitalizations and stroke outcomes.35, 36 Stroke incidence and case fatality are traditionally 

monitored using ‘ideal’ incidence studies.37 However, these studies are resource-intensive and often 

impractical to undertake. For example, in the recent review of the Global Stroke Statistics,36 the 

authors identified only seven ideal incidence studies undertaken globally in the last decade. In 

contrast, stroke registries continued to be abundant globally.36  

National stroke registries can be a relatively inexpensive supplement or substitute for monitoring fatal 

and non-fatal strokes, with relatively limited resources. Despite the value of these registries, there are 
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limitations affecting their use for optimal surveillance of stroke, including error in data entry (selection 

bias) or coding (classification bias),38 and lack of precision of hospital diagnostic coding regarding the 

cause of stroke.39 Examples include the use of the ICD I64 code (stroke, not specified as ischaemic or 

haemorrhagic), or incorrectly coding TIA or haemorrhagic stroke as ischaemic stroke. Another major 

challenge is the nationwide coverage of national stroke registries. In a review of data collected in the 

Global Stroke Statistics,36 we found that only 31 of 216 WHO member countries/territories (14%) had 

some capacity for optimal stroke surveillance through their national stroke registries. All but seven of 

these countries were HICs. National registries were scant in the super regions of Central Europe, 

Eastern Europe, and Central Asia (1 registry); South Asia (1 registry); and Southeast Asia, East Asia, 

and Oceania (3 registries in total). No national registry was identified in North Africa and Middle East, 

and Sub-Saharan Africa, indicating that fewer resources are available for surveillance in these regions, 

a situation that is likely to continue unless there is significant investment from government. Only a 

few countries (e.g., Bahrain, Finland, Israel, Russian Federation, Singapore) had stroke registries with 

the nationwide coverage required for evidence-based healthcare planning and resource allocation for 

stroke care.  

Nationally representative data on mortality due to stroke are those collected in national civil 

registration and vital statistics systems and submitted to WHO. Although these data are not without 

limitations, e.g., submission of incomplete data or lack of up-to-date data,36 they remain the most 

robust source of statistics on stroke mortality. However, only 138 of the 216 WHO member 

countries/territories (64%) submitted stroke-specific mortality data to WHO in the last three 

decades.36 The majority of the 78 countries without data were from sub-Saharan Africa (42 countries; 

54%), and South East Asia, East Asia & Oceania (18 countries; 23%), potentially reflecting the lack of 

capacity for surveillance of stroke mortality in these regions. In the absence of data from the national 

registration systems of countries, mortality estimates are often extrapolated from non-representative 

studies or international demographic and epidemiological statistical models,40 which may not be 

reliable. Given the rising population in these regions (estimated to be home to 45% of the global 

population in 2030), and their ongoing demographic and epidemiological transitions, reliable data on 

stroke events and outcomes are needed to inform public health policy and actions.  

Review of the current state of surveillance of risk factors for stroke 

To reduce the burden of stroke, there is a need for population-wide monitoring of risk factors for 

stroke. In limited-resource settings, efforts are focused on collecting high-quality data on risk factors 

that (1) strongly predict stroke,18 (2) are highly prevalent,41 (3) are amenable to individual- or 

population-level interventions,5, 42 and (4) are relatively easy and cheap to monitor. An ideal 

comprehensive surveillance of risk factors for stroke would include monitoring of blood pressure (BP), 

anthropometrics (e.g., weight, waist circumference), biochemical measures (e.g., lipids, blood 

glucose), and lifestyle factors (e.g., smoking, diet, physical activity, alcohol intake, illicit drugs, stress, 

overweight/obesity, dyslipidaemia, diabetes, atrial fibrillation, and air pollution). Therefore, in 

September 2022, we undertook a search of published and grey literature for the latest national health 

surveys for surveillance of these risk factors in 216 WHO member countries/territories. For this review, 

a survey is considered as comprehensive for stroke surveillance if it comprises measurements from at 

least one of each of the above-listed risk factors. 
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We found information on national health surveys in 196 countries/territories (91%; Supplementary 

Table 3), with different capacities for the surveillance of risk factors for stroke (Figure 6). Information 

was unavailable for 4 HICs/territories, 8 countries in Latin America, 6 countries in Sub-Saharan Africa 

and in RyuKyu Islands (Southeast Asia). The most measured risk factors included lifestyle factors (181 

countries; 92%), anthropometrics (164 countries; 84%), and diagnosis of metabolic conditions (159 

countries; 81%). Most surveys lacked comprehensiveness and recency. Five countries (Cameroon, 

Congo Democratic Republic, Sao Tome and Principe, Senegal, and Tunisia) did not measure any risk 

factor for stroke in their latest national survey.  Although, LMICs assessed more risk factors in their 

last surveys than HICs (Figure 11-a), their surveys were often not recent (i.e., undertaken before 2018). 

Compared to LMICs, HICs more often had recent and/or comprehensive survey of risk factors. Overall, 

112 countries lacked recent surveys (undertaken from 2018 onwards), 109 (97%) of which were non-

HICs. Of 84 countries with a recent survey, only 32 (38%) included BP measurement, and only 27 

countries (32%) had comprehensive surveillance of risk factors for stroke. It is evident from these 

findings that capacity is required for collecting comprehensive and contemporary information on 

important risk factors for stroke across the globe, but particularly in low- and middle-income 

countries. 

 

Thematic analysis of surveillance services 

As shown in Supplementary Table 4, several main themes were identified from the semi-structured 

interviews with experts from 12 countries (Supplementary materials, pp. 8-28) acting as both 

facilitators and barriers to the delivery of high-quality stroke surveillance services. These themes 

include surveillance capacity, information technology, and governance of surveillance activities.  

Surveillance capacity covered activities and availability of a trained workforce to capture stroke events 

or risk factors. Countries with good stroke surveillance had a well-funded and trained workforce. They 

had established nationwide registries to monitor treatment and outcome as well as regular risk factors 

surveys from population-based approaches including being integrated into the census. In contrast, 

countries with limited surveillance capacity lacked nationally representative or standardized data on 

stroke treatment or outcomes. This was due to lack of government-coordinated efforts with stroke 

surveillance activities undertaken by individual institutions or academic research networks. 

Information technology influenced the ability to deliver high-quality stroke surveillance services. 

Countries with a strong health information system performed well in stroke surveillance. Web-based 

systems allow data collection in real-time, improving data quality. Digitalization of medical records, 

mortality, and other health databases enhanced the analysis and use of data to inform policies. 

Electronic databases increased accessibility and enabled data linkage to conduct complex studies on 

stroke. High-performing countries used data from stroke surveillance systems to raise awareness of 

stroke and its risk factors in the community and government, enhancing strategic investment. Poorer 

performing countries had fragmented health databases limiting the comprehensiveness and use of 

data for decision making.  

Strong governance facilitated high-quality national stroke surveillance systems. This included political 

commitment, funding, and advisory bodies for stroke surveillance. Countries with strong governance 

often had strong health information systems to facilitate data-driven decision making. Stroke 

surveillance activities were often government-led, with technical support from experts. A lack of 
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government commitment to stroke surveillance hindered the ability to establish a strong stroke 

surveillance system. The lack of data on stroke hampers setting priorities and funding for stroke 

services. Countries with strong commitment to stroke surveillance still reported limited funding.  

Pragmatic solutions for improving stroke surveillance  

It is recommended by WHO that each country have a program that achieves near universal monitoring 

of the important indicators of the burden of stroke.43 A good example of that is the Stroke Service 

Tracker in Europe as part of the European Action Plan for Stroke 2018-2030.44 For regions with limited 

resources, WHO developed a three-step standardized surveillance system for stroke in 2002 - STEPS.43 

In a review of seven studies from nine LMICs incorporating the WHO STEPS protocol,45 adherence to 

the surveillance methods was variable.46 Particularly, there were challenges with collecting data on 

neuroimaging and non-fatal events in the community.46 This and other challenges could be overcome 

through training to improve capacity to undertake surveys, having feasible surveillance protocols that 

are co-designed with local experts, electronic data collection, and including stroke in existing 

monitoring systems for NCDs to facilitate easy identification of cases in the community.46  

One of the most popular and commonly used epidemiological methods for surveillance of stroke in 

LMICs is a door-to-door survey. If a stroke prevalence survey is undertaken in a sufficiently large 

sample size (25-30,000 people), and combined with data from death certificates (e.g., using verbal 

autopsy procedures) collected over at least 3 years in the same community, it may be possible to 

derive relatively accurate incidence and mortality estimates in the study population. The central tenet 

of this approach is that nonfatal first-ever stroke events within the preceding 3 years in the defined 

population are identified through a prevalence survey, and then combined in the analysis with fatal 

first-ever stroke events, in the same population for the same study period, to calculate cumulative 

stroke incidence rates.47 This approach was first used in Italy48 and China,49 shown to be valid,49 and 

successfully used to study stroke incidence and mortality in a  large nation-wide cross-sectional study 

in China.50 Another epidemiological approach for stroke surveillance in LMICs is repeated community-

based studies in the same population at different time periods,51 as previously undertaken in Brazil.52 

However, the latter approach is resource-intensive and often challenging to undertake . 

Key recommendations and solutions for improving stroke surveillance are summarized in Table 7 and 

Panel 3. National stroke registries can be used to monitor hospitalizations for stroke.53 Where these 

registries have nationwide coverage, they can be coupled with national death registries to give a near 

complete picture of the burden of stroke.54 However, in countries with less access to hospital services, 

registries should be supplemented by case ascertainment of at least fatal and, if possible, non-fatal 

cases occurring in the community. This could be undertaken through WHO standard verbal autopsy 

instrument55 that has been validated for use electronically in developing countries.56  

There is also an increasing interest in using other large, routinely collected, administrative data for 

monitoring hospitalizations, quality of care, and outcomes following stroke.35 However, there is a need 

to develop standardized methods and systems for using these data to provide timely and reliable 

estimated stroke burden. Countries should establish national electronic health records or information 

systems, that could facilitate greater coverage of electronic medical records and interoperability 

between systems to prevent duplication of data capture. Likely barriers include resources required to 

establish and maintain this infrastructure, particularly in limited resource settings, where access to 
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electricity is limited, and technological literacy of health workers is inadequate. Also, concerns have 

been raised about the validity of administrative health data for diagnosis of stroke and comorbidities,57 

and privacy of electronic health records.58, 59 These concerns can be overcome through appropriate 

training of staff on data coding, entry and handling, undertaking regular review of variables and 

validation of data entry and coding methods,  and appropriate encryption of data.32, 60-62 

Regardless of the monitoring system used, consulting community groups, clinicians, providers, policy 

makers, funders, and implementation partners at each stage of development and implementation is 

paramount. This will ensure that ethical, legal, and social considerations are met,5, 15 and that the 

system meets the needs of the community and other stakeholders. 

Establishing national monitoring systems for risk factors 

There is a need for countries to establish a national framework and capacity, including funding and 

reporting mechanisms, for regular monitoring of important risk factors for stroke,45 with geographical 

and ethnic/racial representativeness. Countries without existing frameworks can implement one of 

the three main types of surveys widely used to assess risk factors for stroke: the World Health 

Organization (WHO) STEPS, Demographic and Health Survey (DHS), and European Health Interview 

Survey (EHIS). 

The WHO STEPS system is a valid and reliable system for the surveillance of risk factors,45 with 

emphasis  placed on high-quality collection on fewer variables, rather than large numbers of poor-

quality data. The DHS is largely funded by the United States Agency for International Development 

(USAID), with support from host countries and other agencies (e.g., The DHS Program). A major benefit 

of the DHS is the concurrent capacity building of workers through training and support tools, to 

maximize the collection of high-quality data. The EHIS is a collaborative effort between all member 

states of the European Union (EU) to collect standardized, high-quality, self-reported health data. EHIS 

is complemented by the European Health Examination Survey (EHES) which collects information on 

blood pressure and biochemical measures.  

Comprehensive surveillance of risk factors for stroke requires additional resources for staff, training, 

data management and collection and processing of samples. There is potential for using digital tools 

for remote, large-scale collection of data on NCD risk factors. However, methods for sampling to 

ensure representativeness, sharing of data, and validation of these tools, require development before 

implementation in national risk factor surveillance systems. An example of a comprehensive fully 

digitalized national level survey of risk factors was recently undertaken in India.63  It was adapted from 

the STEPS system and is part of the Indian national NCD monitoring framework.   

Future strategies for research, dissemination, and implementation  

Stroke surveillance systems are important for developing, implementing, and evaluating national 

programs to reduce the burden of stroke. These systems are relevant across prevention, acute care, 

and rehabilitation sections of stroke. Stroke surveillance is a key element of the WSO Global Stroke 

Care Guidelines (e.g., ‘key stroke quality indicators’ sections), along with several other international 

plans, such as the WHO Intersectoral Global Action Plan on Neurological Disorders.34 

Future research should be focused on methods, implementation and evaluation of stroke surveillance 

systems including quality improvement. For research, there is a need to develop and validate methods 
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for measuring incidence, prevalence, and outcomes of stroke, using administrative data. Research 

focused on the implementation and evaluation of models to improve the surveillance of stroke, 

drawing on mixed methods approaches is necessary, including how these data can be used for quality 

improvement activities.  

The stakeholders of the WSO-Lancet Neurology Stroke Commission implementation ecosystem 

(Figure 3) will ensure the implementation, monitoring and evaluation of pragmatic solutions 

recommended by this Commission. Commissioners and national stroke societies will champion co-

implementation activities at the national level. The ecosystem will leverage global partners to 

undertake several activities to improve stroke surveillance (Table 7, Panel 3), including: implementing 

national strategies for surveillance of stroke (e.g., via digital technologies, where possible), particularly 

for countries with limited data, and building capacity and resources (governance, training, and 

infrastructure) in LMICs for electronic medical records system that could facilitate surveillance and 

data linkage.  

To implement the recommendations of this Commission, countries should establish sustainable 

programs for regular country-wide monitoring and evaluation of stroke burden, its modifiable risk 

factors, and stroke-related health services, integrated within existing national stroke plans. Regardless 

of the surveillance method used, collaboration and co-design is necessary among stakeholders to  

provide inputs and use outputs  in developing and implementing stroke surveillance systems.35 This 

will help ensure that stroke surveillance systems meet the needs of all stakeholders, enhance uptake 

and ensure sustainability.  

 

Panel 3. KEY MESSAGES FOR STROKE SURVEILLANCE 

Strategies and Solutions to Improve Stroke Surveillance 

• Governments need to establish nationwide and representative systems for monitoring stroke, 

through registries, electronic health records, and vital statistics systems that achieve near 

universal surveillance of important indicators of stroke burden and risk factors, to reliably 

inform the development of programs for stroke prevention, acute care, and rehabilitation. 

These include incorporating surveillance in national stroke plans or existing monitoring systems 

for NCDs, processes to identify stroke cases in the community; and including stroke risk factors 

or in national census. Countries with limited capacity or resources could benefit from 

assistance, collaboration, and funding from international development agencies, e.g., WHO, 

USAID. For countries with capacity and resources, there is a need for sustainable funding to 

ensure routine data collection.  

• All countries should have a program of surveys with identified priorities, and clearly defined 

cycles and scope of data collection, and invest in surveillance and analysis in a manner that 

ensures efficient use of resources. This should include assessing the incidence, prevalence, 

management and control of cardiovascular risk factors at the population level, based on reliable 

and valid measurements. e.g., measurement of blood pressure rather than self-report of 

hypertension. These surveys should be undertaken at regular intervals to determine changes 

over time. Countries should also develop capacity to regularly analyse the data collected and 

generate quality evidence to support decision-making.  
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• Governments should establish and fund national stroke registries of hospitalized, non-

hospitalized, fatal and non-fatal stroke and TIA, to complement existing surveillance systems. 

Such registries should be facilitated by linkage of population data on risk factors to 

hospitalization and national death registries, to determine the relationship between the 

population burden of risk factors and stroke burden. For countries with capacity for stroke 

surveillance through registries, there is a need to expand coverage nationwide. When 

combined with data being collected in national death registries, data from nationally 

representative stroke registries could provide a near complete picture of the burden of stroke. 

• There is a need to maximise the potential of digital tools and national registries for large-scale 

collection of data on stroke. Countries should establish national electronic health information 

systems, with interoperability between systems, to prevent duplication of data. In countries 

with established electronic or web-based platforms for data collection, there is a need to 

encourage or incentivise collection of data on stroke and its risk factors to increase coverage. 

This could, in turn, facilitate linkage of large population-based data for surveillance purposes. 

For such platforms to be valuable and sustainable, there is a need for training to ensure 

appropriate documentation and coding, and secure handling of electronic health data, 

• Regardless of the surveillance system used, consulting community groups, clinicians, 

providers, policymakers, payers, and implementation partners at each stage of development 

and implementation is paramount. This will ensure that political, legal, ethical, 

anthropological, and socioeconomic considerations are applied, and that the system meets 

the needs of the community and other stakeholders. 

Future Directions and Key Research Gaps for Stroke Surveillance and Epidemiology 

• Need for mixed methods research focused on the development, implementation, and 

evaluation of models to improve the surveillance of stroke, particularly in countries with 

limited resources and capacity. Such research  could be focused on developing feasible 

surveillance protocols that address local priorities and needs, while ensuring collection of 

standardised and representative data that can be used for quality improvement. This could 

involve adapting well established standard surveillance protocols, e.g. WHO STEPs, DHS, 

EHIS, and exploring less costly but successful surveillance methods, such as repeated cross-

sectional and community-based studies undertaken in strategic locations.  

• Introduction of nationwide representative community-based stroke surveillance in health and 

demographic surveillance sites, and high-quality national stroke registries, to monitor 

hospitalisations, resources, treatments, and outcomes. 

• Linkage of population data on risk factors to national hospitalisation and death registries to 

determine the relationship between the population burden of risk factors and stroke burden. 

• Need for validation studies to determine the quality and coverage of data on risk factors 

available in administrative datasets (e.g., admitted patient record and primary care).  

• Surveillance systems should incorporate data collection for discovery science to unravel the 

genomic architecture and pathobiology of stroke, its risk factors and outcomes, across 

populations of diverse ancestries. Combined with translational trans-omics research and 

precision medicine, this will facilitate the development of novel predictive, diagnostic, and 

prognostic biomarkers, and better prophylactic, diagnostic, therapeutic, and restorative 

interventions for preventing stroke and its risk factors. Including underserved populations from 

LMICs in such genomic and multi-omic studies is crucial to enhance the discovery potential by 

increased diversity, and to ensure that derived biomarkers and interventions are applicable to 

high-risk populations.64  
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• Development and validation of novel personalized digital and mobile health tools for 

population wide surveillance of stroke and its risk factors 

 

SECTION 4: STROKE PREVENTION 3186 Words 

Introduction - Focus on secondary stroke prevention  

Recurrent strokes and transient ischaemic attacks (TIA) contribute significantly to the overall burden 

of acute cerebrovascular diseases65 as about 20-30% of strokes occur in people with a previous stroke 

or TIA.65-67 Patients with stroke and TIA are at increased risk of recurrent stroke, which is particularly 

high within the first days after the index event.66, 68 These recurrent strokes are more disabling and 

have poorer outcomes than first strokes.69 There is evidence that 45-80% of recurrent strokes and TIAs 

could be prevented.70-72 Although post-stroke survival probabilities have improved over the last two 

decades, no major trends in stroke recurrence rates have been observed over the last two decades in 

many,67, 73, 74 but not all,75, 76 countries.  

In this section we focus on stroke prevention strategies in people with previous stroke or TIA, paying 

particular attention to the level, barriers, and facilitators for the implementation of current 

recommendations, identifying deficiencies in existing guidelines and offering pragmatic solutions for 

implementation. As strategies on secondary stroke prevention also include strategies for primary 

stroke prevention, we reiterate some primary stroke prevention strategies described previously.5  

Situational and gap analysis 

Definition: Secondary stroke prevention is commonly defined as the prevention of stroke in individuals 

who have already had a stroke or transient ischaemic attack (TIA). Principles: The principles of 

secondary stroke prevention are to urgently evaluate, identify and treat the underlying causal 

pathologies and minimize long-term exposure to causal risk factors, and to reduce the immediate and 

distant risk of recurrent stroke. Components: The evidence-based components of effective secondary 

stroke prevention comprise lifestyle, pharmacological and surgical interventions (in eligible patients) 

that are targeted to the cause and are aligned to the risk of recurrent stroke and complications of any 

intervention.65, 72 Examples include antithrombotic therapy, carotid endarterectomy or stenting, and 

patent foramen ovale closure in those with ischemic stroke, aneurysm coiling/clipping in those with 

subarachnoid haemorrhage, and control of vascular modifiable risk factors known to reduce the risk 

of stroke (similar to what was previously described by us for primary prevention of stroke), of which 

blood pressure control is the most prominent.5  

Current strategies 

Whereas primary prevention is targeted at the population as a whole and at individuals without 

clinically established stroke and TIA, similar measures are applied to individuals in secondary 

prevention. Tangible global strategies and pragmatic solutions for improving management of vascular 

risk factors on an individual level as part of the primary stroke prevention strategies have been 

published elsewhere.5 In summary, these strategies overlap and include both population-wide and 

individual-based strategies that cover all or most of the population, with priority directed towards 

population-wide strategies and early detection and control of hypertension (Figure 8). At the 

population level it has been estimated that a 2 mm Hg decrease in systolic blood pressure would result 

in a 24% decrease in stroke incidence.77 
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Individual-based primordial and primary stroke prevention strategies can be best accomplished on the 

population level by population-wide stroke/CVD prevention strategies and on the individual level by 

using mobile technology (so-called motivational mass individual strategy for stroke prevention)25 and 

by shifting/sharing of tasks from highly trained health professionals to healthcare workers, particularly 

community-based health workers.78, 79 Primary and secondary stroke prevention strategies can be 

further augmented by using polypills.80, 81 

Secondary stroke prevention has conventionally been individual-based around the doctor-patient 

relationship. The diagnosis of stroke and its cause(s) have been made by a doctor, and the secondary 

prevention program has been generated and managed by the doctor in conjunction with the patient. 

Other complementary inputs include access to family support, community services for education and 

monitoring (e.g., nursing, allied health), public education and population-based primary stroke 

prevention strategies.  

Despite these efforts, stroke recurrence rates in many countries remain at unacceptably high levels 

(20-30%), although a recent international cohort study showed that with proper management, there 

is only a 10% risk of subsequent disabling or fatal stroke at 5 years after TIA and minor ischaemic 

stroke.82 The failure of current secondary prevention strategies to contain stroke recurrence rates may 

be attributed to several known barriers for effective secondary prevention. These barriers include a 

lack of specialized training by the doctor, lack of education of patients on the cause of the index stroke, 

the long-term risk of recurrence, or the importance of long-term monitoring of risk and health and 

maintenance of lifestyle behaviour and medical therapy, as well as medical workforce deficiency and 

low affordability of preventative medications (especially in LMICs), lack of doctor’s time and efficient 

digital tools for developing person-specific and motivational secondary stroke prevention 

recommendations. Failure by doctors and patients to appreciate that these factors compromise 

motivation and effective self-management strategies, may be compounded by post-stroke sedentary 

behaviour, mood, speech and cognitive disorders, and likely achieve inadequate adherence to 

secondary stroke prevention recommendations.83  

Our recent WSO-Lancet Neurology commissioned international survey of stroke services8 from 84 

countries showed that overall, secondary stroke prevention activities were at an acceptable level 

(score 50+) in only 40-46% of participating hospitals (Supplementary Tables 5 and 6). While this survey 

did not cover all countries, the findings contributed to developing better prevention strategies. The 

lowest (‘poor’) secondary prevention activity scores were observed for routinely available education 

about stroke and lifestyle management for stroke patients and their families. The strategies most 

often adopted were for the use of antiplatelet, anticoagulant, blood pressure-lowering and lipid-

lowering medications. The most widely available medicines were aspirin (available in 90% countries), 

metformin (87% countries), and thiazide diuretics (87% of countries). There were also disparities 

between regions, e.g., while 92% of countries in the European Region reported availability of 

angiotensin II receptor blockers (ARBs), only 36% of countries in the African Region reported such 

availability. It is important to note that availability of outpatient stroke/TIA clinics or stroke prevention 

clinics is better in upper-middle- and HICs than other income groups. There was also a lack of digital 

tools to support clinicians for implementing and monitoring evidence-based and patient-centred 

secondary stroke prevention strategies,84 and low stroke awareness among the populations.85-87 
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Our analysis of the utilization of guidelines addressing evaluation/measurements and management of 

various risk factors in people with stroke and TIA for secondary stroke prevention by country income 

level also showed an extremely low level of such assessment and management in LICs, and significantly 

lower levels in MICs as compared to HICs. However, even in HICs the level of evaluation of risk factors 

for secondary stroke prevention was suboptimal.88 Routinely available secondary stroke prevention 

activities across all country economic levels were particularly low in areas such as recurrent stroke risk 

assessment score (even in patients with atrial fibrillation), risk factor assessment, lifestyle assessment, 

and education about stroke and lifestyle management.  

Previous surveys89 and the results of our survey on the low utilization of secondary stroke prevention 

strategies are in line with those from a recent survey of national scientific societies and stroke experts 

in Europe,90 China91 and a recent systematic review of ischaemic stroke prevention guidelines.92 We 

also found a lack of organization of follow-up systems after TIA and stroke. However, there is currently 

much emphasis on the fact that follow-up should be multimodal and structured and include not only 

preventive issues but also other key components after a stroke as identified in the post-stroke 

checklist endorsed by the WSO. Scientific evidence supporting such an integrated approach is 

emerging.93  

In 2019, we estimated  global stroke DALYs of 143 million,1 with economic burden of stroke of US$891 

billion per year.5 In 2050 we project to have 190.8 million  stroke DALYs in the world. A simple 

extrapolation of the cost suggests that by 2050, the global economic burden of stroke is expected to 

be over US$1.19 trillion per year. 

Thematic analysis of prevention services 

The three themes identified as facilitators and barriers to high-quality stroke prevention services in 

interviews (details of the interviews can be found in Supplementary materials pp.10-11) with nine 

interviewees worldwide were: system capacity, universal health coverage, and governance of stroke 

prevention (Supplementary Table 6). 

System capacity covered the distribution of services across urban and rural areas, continuum of 

services, and availability of trained health workforce. Lack of trained health staff was a major barrier 

to providing primary and secondary stroke prevention services. The unequal distribution of health 

staff and socioeconomic differences between urban and rural areas created inequality in access to 

services that negatively impacted health literacy. On the contrary, countries with a wide network of 

service delivery with a mixture of staff (doctors, community health workers) with stroke-specific 

training provided a wide range of stroke prevention services.   

Universal healthcare influenced the accessibility of stroke prevention services. Countries with 

universal health coverage (e.g., affordable access for all people to the quality health services they 

need) had a wide range of stroke prevention services (e.g., regular health checks, lifestyle programs, 

medications) provided free of charge or at low cost. A lack of universal healthcare exacerbates 

inequality in accessing stroke prevention services with out-of-pocket costs seeing patients prioritizing 

treatment rather than prevention, e.g., less, or no regular health check to control stroke risk factors. 

The lack of government-led primary stroke prevention activities was linked to lower population health 

literacy on stroke prevention.           

https://www.world-stroke.org/publications-and-resources/resources/post-stroke-checklist
https://www.world-stroke.org/publications-and-resources/resources/post-stroke-checklist
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Strong governance in stroke prevention facilitated high-quality stroke prevention services. A political 

commitment to stroke prevention and national strategy to control risk factors of stroke (e.g., tobacco 

control or blood pressure) enhanced primary and secondary stroke prevention. Active participation of 

stroke organizations enhanced governance. Countries with strong governance in stroke prevention 

used health information for decision making, whereas low government priority to prevent 

cardiovascular diseases/stroke and no clear national prevention guidelines hinders stroke prevention.     

Pragmatic solutions for improving stroke prevention  

Problems to overcome, and suggested strategies for policy makers to achieve sustainable and 

appropriate primary and secondary stroke prevention are presented in Tables 8 and 9, Panel 4 

(Supplementary Figures 6 and 7). A summary of identified barriers and facilitators for improving stroke 

prevention services is shown in Supplementary Table 6. It has been suggested that effective 

collaboration between various healthcare sectors, government policies and campaigns, together with 

evidence-based individual management approaches would allow successful implementation of 

primordial, primary and secondary prevention strategies across the globe.5, 94, 95 A tripartite approach 

to primary stroke prevention, comprising behavioural, pharmacological, and structural interventions 

which is superimposed on the socioecological model could minimize the current fragmentation and 

inefficiency of primary stroke prevention.42 

The development and implementation of action plans for primordial, primary, and secondary stroke 

prevention should align with internationally recommended goals and targets for reducing NCDs.96 

These country-specific and financially sustainable action plans and consensus statements should be 

developed by recognized experts from the region on the basis of the best available evidence, endorsed 

by  government agencies, and contain adequate and well-developed indicators, goals, concrete steps, 

timelines and accountable people. These action plans must be facilitated by national, culturally 

appropriate, and up-to-date guidelines for primordial, primary, and secondary stroke prevention. 

Unfortunately, there is a shortage of operational national plans aligned with the Global Action Plan on 

NCDs.96 In addition, while there are national guidelines for primary and secondary stroke prevention 

in a number of HICs,65, 96-99 there is a paucity of evidence-based, context-appropriate pragmatic stroke 

prevention guidelines in LMICs,95 including those related to secondary stroke prevention. The only 

currently available digital tool to support clinicians in evidence-based primary and secondary stroke 

prevention interventions in both hospital and outpatient settings is the PreventS-MD webapp.84, 

100Although mainstream preventative strategies should be similar in HICs and LMICs, differences in the 

population-attributable risks, lifetime risk of stroke and availability and affordability of resources 

should be considered when setting realistic and country/culturally-appropriate goals and priorities.  

Based on our survey results and literature review we propose key recommendations for healthcare 

providers and policy makers to improve primary and secondary stroke prevention, with the emphasis 

on LMICs. Solutions and supporting evidence for primordial, primary and secondary stroke prevention 

on the population and individual levels are presented in Tables 8 and 9. 

Guidelines and risk estimation 

The most recent guidelines for primary prevention of stroke and CVD101-103 and secondary stroke 

prevention in patients with stroke and TIA65, 104, 105 are recommended for use and adaptation for local 

conditions. There is enough evidence to suggest that the traditional high CVD risk approach to risk 
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factor control is complex, expensive, and only modestly successful,25, 27, 106 and the absolute-risk 

treatment thresholds should not be the main and sole criteria for selecting individuals for 

pharmacological management of elevated blood pressure, diabetes and lipid lowering therapies.26, 29, 

107 The WSO and World Heart Federation also proposed that the categorization of people into low, 

moderate (mild), and high absolute cardiovascular risk (including use of risk-stratified heat maps) 

should be abandoned.78, 108 More effective and widely applicable motivational preventative strategies, 

with emphasis on lifestyle modification, should be implemented for people at any level of risk of stroke 

and cardiovascular disease. 

Building capacity for stroke prevention 

We suggest that all countries should have government endorsed policies, guidelines, and ongoing 

stroke awareness campaigns (via media, schools, churches etc.). Meaningful engagement of such 

campaigns can include global user-friendly educational programs that target children’s families and 

grandparents to successfully identify stroke symptoms and respond appropriately to this health 

emergency (e.g., the FAST Heroes initiative).109, 110 Realistic, country/culturally appropriate, and 

financially sustainable action plans for secondary stroke prevention can be integrated with both the 

corresponding primary prevention strategies and development/improvement of stroke services. 

Specific plans should also be established for upskilling of staff, including community health workers. 

Countries should develop a plan for prioritization of these multisectoral and cost-effective accessible 

and affordable interventions, including those utilizing proven effective telemedicine, mobile and other 

digital technologies.  

Monitoring and evaluation 

The key performance indicators for primordial and primary stroke prevention should include accurate 

measurement of stroke incidence and prevalence of risk factors (particularly blood pressure, 

overweight and smoking status) over time. As stated in our surveillance section, all countries should 

also have a nationwide and representative system for measuring and monitoring effects of primary 

and secondary stroke prevention activities. This should undergo a stepped approach that highlights 

the elements required for minimum (hospitalized events), essential and advanced monitoring, i.e., 

incorporating the WHO stepwise approach111 or similar.37, 47, 112 Key performance indicators for 

secondary stroke prevention should include  proportion of patients with: (1) ischaemic stroke and TIA 

whose co-morbidities (such as hypertension, DM) are under control during follow-up; (2) ischaemic 

stroke and TIA who are prescribed an antiplatelet agent; (3) ischaemic stroke and TIA who are 

prescribed a statin agent (system indicator: availability of statin medications in region); (4) ischaemic 

stroke and TIA with atrial fibrillation/flutter who are prescribed an anticoagulant agent; (5) carotid 

territory ischaemic stroke and TIA and symptomatically relevant extracranial carotid artery disease 

who undergo carotid revascularisation; (6) ischaemic or haemorrhagic stroke on blood pressure-

lowering medication(s); (7) who have their blood pressure controlled; and (8) time from stroke onset 

to carotid revascularization. It was also suggested that the identified gaps in secondary stroke 

prevention can be addressed through national and international policy initiatives, clinical guidelines, 

registries and direct reimbursement for specific interventions.90 Successful implementation of 

appropriate secondary prevention strategies in individuals with stroke and TIA has the potential to 

reduce the burden of stroke by up to a quarter.66 
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Future strategies for research, dissemination, and implementation  

The importance of developing adequate prevention services for stroke is being emphasized in several 

recent international initiatives/programs, such as the WHO Global Action Plan (GAP) on Neurological 

disorders, Brain Health Initiative, OneNeurology, Heart and Brain Initiative, Non-communicable 

Disease (NCD) Alliance, Circulatory Health, and WHO Strategic Technical Advisory Group (TAG) NCD-

related Research and Innovation. As risk factors for stroke are common for other major NCDs such as 

ischaemic heart disease, peripheral vascular disease, diabetes mellitus, vascular dementia, chronic 

obstructive pulmonary disease, and some cancers (Supplementary Figure), reducing exposure to these 

risk factors on individual and population levels would prevent not only stroke but also other major 

NCDs.   

The most recent WSO Global Stroke Guidelines and Action Plan concerning secondary stroke 

prevention113 emphasizes the importance of involvement of healthcare providers who have  expertise 

in stroke care with designated prevention clinics, vascular risk reduction programs, educational and 

preventative tools (e.g. the Stroke Riskometer app), chronic disease management programs, acute 

care hospitals, emergency departments, primary care and other community settings and in the home, 

based on resource and facility availability. Digital technologies have also been proposed as a new 

strategy for improving both primary and secondary stroke prevention.84, 100 Educational campaigns 

implemented both digitally and face-to-face have been found to advocate acute stroke care by 

successfully increasing learning about stroke symptomatology and the necessary steps that need to 

be followed.114  

Further research is needed to: (a) identify the best balance of population-wide and risk targeted 

stroke/CVD prevention strategies, including various digital technologies, to maximize cost 

effectiveness and minimize inequalities; (b) develop and validate innovative, pragmatic, scalable and 

cost-effective interventions (educational, prognostic, diagnostic, and therapeutic), including 

motivational digital tools, to be used for stroke prevention by healthcare practitioners and lay people; 

(c) increase wide-scale implementation research of various evidence-based primordial, primary and 

secondary stroke prevention strategies in different populations, including testing of low-risk 

preventative interventions in routine clinical care. 

Discovery science and translational research leveraging genomics, trans-omics and precision medicine 

to develop and test novel prophylactic, diagnostic, therapeutic, prognostic and restorative biomarkers 

and interventions for stroke and its risk factors are crucial to enhance the discovery.115 These 

approaches should include underserved populations from the LMICs. This will ensure that derived 

biomarkers and interventions are applicable to populations with the greatest burden of stroke. 

To implement, monitor and evaluate the pragmatic solutions recommended by this Commission, the 

WSO Task Force on Stroke (Figure 3) and implementation ecosystem are being established (Figure 1). 

This ecosystem will harness and leverage global resources, including WHO and United Nations non-

communicable disease control plan and the WHO Intersectoral Global Action Plan Against 

Neurological Diseases to: (i) address key environmental factors via policy change – social determinants 

of health, making default choices healthy (e.g., healthy cities, healthy food value chain); (ii) enhance 

stroke literacy through key community influencers who can deliver culturally tailored messages, using 

strategies such as social media (social media influencers with impact), the arts (music, comedy, film, 

TV); (iii) address motivation, self-efficacy, self-management skills; (iv) facilitate inclusion of the 
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primary and secondary prevention recommendations outlined in this section into national stroke/CVD 

management guidelines; and (v) empower the stroke commissioners (country ambassadors for stroke 

prevention) to be the champions and advocates ensuring rigorous implementation and evaluation via 

national policy makers  across the globe. The WSO Task Force on Stroke commissioners and ecosystem 

are planned to operate at country, regional and global levels in collaboration with relevant policy 

makers and implementation partners, including World Hypertension League, World Federation for 

Neurorehabilitation,  NCD Alliance, WHO, Resolve To Save Lives, Ministries of Health, national and 

regional stroke organizations (African Stroke Organization, European Stroke Organization, Middle East 

and North Africa Stroke Organization, Asian Pacific Stroke Organization, American Heart Association, 

Registry of Stroke Care Quality , etc.), neurology, CVD and NCD organizations and relevant alliances. 

Key performance indicators will be monitored using the United Nations Theory of Change approach.116  

 

Panel 4. Key messages for cost-effective individual primordial, primary and secondary stroke 

prevention  

Suggested solutions for improving stroke prevention on individual level:  

• Mobile and digital technologies (so-called motivational mass individual strategy for stroke 

prevention)25 which enable  lay people to engage in simple, inexpensive screening for a history of 

CVD and presence of modifiable risk factors (particularly smoking/vaping, obesity, atrial 

fibrillation, elevated blood pressure) in collaboration with their healthcare professionals; afford 

linkage to local, regional and/or national healthcare electronic databases, and utilize validated 

motivational digital technologies to assess stroke/CVD risk; and implement and monitor  person-

centred, lifestyle behavioural primary and secondary stroke/CVD prevention strategies.  

• Motivational strategies for improving compliance to prescribed medications and lifestyle 

modifications, improving access to affordable medications and procedures for primary and 

secondary stroke prevention strategies, with the focus on essential medications/procedures 

(including polypills with blood pressure and lipid lowering medications in the WHO list of essential 

medications). Essential drugs for primary and secondary prevention should be subsidized by the 

government and made available at all hospitals and outpatient clinics. 

• Shifting/sharing of tasks from highly trained health professionals to paramedical healthcare 

workers, particularly community-based health workers, with less training, qualifications, and 

education to facilitate stroke prevention interventions on the individual level.78, 79 Establish a 

continuum of care for stroke prevention and improve population health literacy on stroke 

prevention.  

• Primary and secondary stroke prevention services should be covered by national health 

insurance/universal health coverage. Governments need to set a fixed proportion of annual health 

funding for stroke prevention activities. This funding could come from taxation on tobacco, salt, 

sugar, and alcohol.25   

Key research gaps and future directions for improving stroke prevention: 

• There is an urgent need to develop/update national guidelines for stroke prevention29 and 

enhance the involvement of key stakeholders, including stroke organizations, in advocacy and 

policy development in stroke prevention.5  
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• Identification of the best balance of population-wide and risk-targeted stroke/CVD primary 

prevention strategies to maximize cost effectiveness and minimize inequalities.25  

• Validation studies to determine the effectiveness of various types and combinations of the four 

primary stroke and vascular dementia prevention strategies recommended by the WSO 

(population-wide prevention;  motivational mobile technologies; low dose combination of generic 

blood pressure and lipid-lowering therapies in one polypill for middle age and older adults having 

at least two behavioural or clinical stroke risk factors; and facilitation of the implementation of 

primary prevention strategies on the individual level by community health workers) in different 

populations.  

• Identification of causes (including socio-economic factors) of ethnic/racial disparities in the risk of 

stroke occurrence (including various stroke pathological types and etiological sub-types) 

occurrence and recurrence and developing and testing culturally appropriate primary and 

secondary prevention strategies to mitigate these disparities. Improving the incentives for health 

staff in rural areas to encourage relocation and retention. 

• High quality population-based epidemiological studies to determine and monitor the global, 

regional, national and sub-national changes in the burden, distribution (frequency, prevalence, 

population-attributable risk) and significance of stroke (including the various stroke pathological 

types and etiological sub-types) and dementia risk factors across different populations.  

• Validation studies to determine the effectiveness of strategies to promote good health and 

wellbeing in children for an early start to healthy living and primary stroke prevention in 

adulthood.  

• Evaluation of disparities in access to stroke prevention within and among countries and regions. 

• Systematic evaluation and optimization of transportability of evidence-based risk prediction tools 

across various populations (race/ethnicity, etc) to reduce health inequalities.117 

Practical examples of implementation of the suggested solutions:  

• The validated (including cross-cultural validation) and free Stroke Riskometer app94, 118-120 which is 

available  in 19 languages in 78 countries, potentially covering 5.3 billion people, and the PreventS-

MD webapp for clinicians for primary and secondary stroke prevention.84, 100  

• Government funded evidence-based stroke secondary stroke prevention program in Austria.93 

• Transferring/sharing tasks from highly trained health professionals to paramedical health-care 

workers was implemented in several areas of India for improving BP control and secondary stroke 

prevention.79, 121, 122  

• A scalable public health hypertension control in India yielded substantial BP control 

improvements, especially in the primary care setting.123  

• WSO stroke survey,8 WHO health survey,124 GBD Study.125 

 

 

SECTION 5: ACUTE STROKE CARE 3883 words 

Introduction 

The organization of acute stroke care is a (cost-)effective way to decrease disability and mortality in 

stroke.126 It includes the implementation of the following three major level 1A evidence-based   

strategies:12 (1) Admission to a stroke unit, neuroimaging with CT scan within 24 hours, starting aspirin 
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in ischaemic stroke within 48 hours, swallowing assessment, early mobilization when medically stable, 

appropriate blood pressure and glucose management, prevention of deep venous thrombosis and 

aspiration pneumonia, early initiation of secondary prevention measures. Compared with the 

alternative service (e.g., general wards), organised inpatient (stroke unit) care was associated with 

improved outcomes at the end of scheduled follow-up (median one year): poor outcome (odds ratio 

(OR) 0.77, 95% confidence interval (CI) 0.69 to 0.87; moderate-quality evidence), death (OR 0.76, 95% 

CI 0.66 to 0.88; moderate-quality evidence), death or institutional care (OR 0.76, 95% CI 0.67 to 0.85; 

moderate-quality evidence), and death or dependency (OR 0.75, 95% CI 0.66 to 0.85; moderate-

quality evidence).126 (2) Implementation of reperfusion treatments for ischaemic stroke with either 

intravascular thrombolysis or mechanical thrombectomy (MT). The benefits of reperfusion therapy 

are highly time-dependent, and systems need to be well-coordinated to minimize time from symptom 

onset to treatment. Thrombolysis reduces disability in a third of patients increasing the absolute 

proportion of patients with minimal or no disability by 10% if treated within 4.5 hours of onset127 and 

some benefit can be derived in selected patients up to 9 hours.128 Thrombectomy increases functional 

independence by 19.5%  and decreases mortality by 15% in strokes attributable to large vessel 

occlusion if treated within 6 hours of onset  and some well-selected patients can benefit if treated as 

late as 24 hours, increasing independence by 36% with an additional 20% absolute reduction in death 

or severe disability.129-132 (3) Organization of a regional acute stroke care network. The stroke unit, 

which is a specialized, geographically defined area dedicated to the management of stroke patients 

with an interdisciplinary stroke team,113, 126, 133 is a highly effective tool in acute care assistance and 

rehabilitation to save lives and to improve outcomes. Despite over 30 years of evidence showing its 

benefit, several countries do not have any stroke units or the number of beds available in them are 

not enough to cover all stroke patients.8, 126, 133, 134 

Implementation of intravascular thrombolysis requires trained doctors and nurses. Brain imaging by 

CT or MRI scan, availability of thrombolytic drugs and a monitored bed for the treatment are essential. 

intravascular thrombolysis was the first approved specific and efficacious treatment for ischaemic 

stroke. But it is still underutilized in many parts of the world.8 It has been suggested that at least 12% 

of patients with ischaemic strokes should be treated with thrombolysis.135, 136 Many pre-hospital and 

hospital related barriers that decrease  utilization have been identified.137 Additionally, thrombectomy 

implementation requires angiographic imaging by CT and DSA, neuro-interventionalists, anaesthetist, 

neurosurgeon and, in most cases, an intensive care unit bed. Despite  its enormous treatment effect, 

thrombectomy is not implemented in several countries in the world.8  

Stroke centre teams are best placed to take responsibility for organizing an effective regional stroke 

network, educating the population including young children and health professionals about stroke 

symptoms, training pre-hospital staff, and implementing pre-hospital pathways that are fundamental 

to faster access to the right hospital, as well as creating a coordinated pathway utilizing excellent 

communications to transfer the patient from a lower to a higher complexity hospital.  The stroke 

centre specialists can also provide support to health managers to create a regional strategic plan for 

stroke. In this report we discuss the current situation of acute stroke care across the world, the gaps, 

recommended protocols, and the main strategies for effective implementation, including 

partnerships, creative solutions, and successful models. 

Situational and gap analysis of stroke unit services 
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Definition: Acute stroke care is the care of patients within the first 24-72 hours following symptom 

onset. The implementation of coordinated acute stroke management through a multidisciplinary team 

plays an important role in influencing and improving patients’ long-term outcomes. Fast evaluation 

and treatment in a stroke-ready hospital is the key for the success of the reperfusion therapy. 

Components: The main components of acute stroke care are acute reperfusion therapies 

(thrombolysis and thrombectomy) for appropriate patients with ischaemic stroke and, for all stroke – 

concurrent and immediate organized care by an interdisciplinary team in a stroke unit; secondary 

prevention of recurrent stroke; prevention and treatment of complications and, for those who can 

participate, rehabilitation. In our WSO - The Lancet Neurology commissioned study, the structure of 

stroke services was evaluated through the recommendations of the WSO Roadmap. The WSO 

provided a framework for implementation, monitoring and evaluation of stroke services.113 Stroke 

services were divided into minimal, essential, and advanced based on a set of minimal resources 

required for hospitals to attain each category. If the hospital had some characteristics but did not meet 

all the minimum requirements, the hospital was classified in the lower category. Minimal services 

could be hospitals without doctors in poor areas, but the WSO suggested minimal low-cost protocols 

that could be implemented to improve the patient’s outcomes.  Essential stroke services should have 

an emergency service for stroke, CT scan, IV thrombolysis and doctors trained to assist acute stroke 

patients on site or through telemedicine. In the United States (US) these hospitals are called primary 

stroke centres. Most stroke centres across the globe are essential and they do not need a high level 

of technology. The Advanced centre should also include a physician/neurologist specialist in stroke, 

neurosurgical facilities, acute endovascular treatment, inpatient rehabilitation and ideally should be 

able to investigate and to treat any complex stroke cases. They are called comprehensive stroke 

centres in the US. Our WSO-Lancet Neurology Commission Survey8 evaluated the structure of 

hospitals for stroke care according to the availability of resources, professionals and protocols 

implemented compared to all elements recommended in each category of the WSO Roadmap. 

The effectiveness of the organized stroke care in low-resource settings was demonstrated in Conakry, 

Guinea, where a minimal stroke unit was set up, consisting of a dedicated area with three acute beds, 

heart rate, blood pressure and blood oxygen saturation monitoring equipment. Implementation of 

this simple stroke unit, without reperfusion therapy, was associated with lower mortality (7.2 versus 

22.3%; P < 0.0001), fewer clinical complications (4.1 versus 27.7%; P < 0.001) and less pneumonia (3.3 

versus 14.5%; P < 0.001).138 On the other hand, an epidemiological population-based Brazilian study 

sponsored by the Ministry of Health showed that cities without any stroke centre had 90 day mortality 

rate of 49% compared with 18% in a city with full implementation of a stroke network.139  

Current situation with acute stroke treatment 

Despite the well-established benefit of acute interventions on post-stroke outcomes, their 

implementation has been very slow and mostly partial, especially in the most socio-economically 

disadvantaged countries8 and also in Europe.140 Reperfusion therapies will achieve better outcomes if 

bundled with care in an inter-disciplinary acute stroke unit or at least under the care of a mobile stroke 

team to ensure adequate swallowing assessment, early physiotherapy and mobilization, blood 

pressure and glucose management, and prevention of deep venous thrombosis in order to avoid post-

acute stroke complications. In addition, all stroke patients benefit from acute stroke unit (ASU) while 

only a subset benefit from reperfusion therapy.  Both acute interventions are important to reduce the 

stroke burden and go hand in hand. 
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Substantial efforts have been made to increase the number of acute stroke centres around the world 

and to certify them, implementing reperfusion treatment and stroke units.132–135 This is particularly 

significant as the time window for effective reperfusion treatment is increasing. Our WSO-Lancet 

Neurology commissioned international survey of stroke services8 provided data on 314 hospitals in 84 

countries and showed that only 35% of hospitals had the minimum structure to be considered a stroke 

centre, with the organization of acute stroke care and  intravenous (IV) thrombolysis implemented. 

Supplementary Table 7 shows the unmet needs in each country based on the survey and, when the 

survey had only 1 or 2 hospitals representing the country, the comments are based on the survey and 

the recent literature.134, 141-143  

The availability of stroke units was 91% in hospitals evaluated in high-income countries (HICs) and 18% 

in low-income countries (LIC), with acute stroke treatments available in 60% of hospitals in HICs and 

upper-MIC and only 26% in LIC (P=0.009). Protocolized swallowing assessment and strategies to 

minimize aspiration pneumonia (e.g., appropriate diet and fluids or tube feeding) - a very simple no 

cost intervention that can reduce the morbidity of stroke - was available in only 34% of hospitals. 

Substantial inequalities were demonstrated, with the availability of recommended service features 

increasing with income, as measured by the World Bank’s 2019 country income classification 

(p=0.029). Guidelines and protocols were more commonly implemented in upper-MICs (46%) and HICs 

(42%) compared to lower-MICs (27%) and LICs (11%), P=0.04. The lowest availability of stroke centres 

and the worst structure of centres (only 28.7% of the recommended structure by the WSO Roadmap) 

occurred in the African region. 

A WHO report on the state of stroke services across the globe (194 Countries)8 showed that globally, 

72% of countries reported that services for acute stroke care were available (defined as reaching 50% 

or more of patients in need) and care for acute stroke was available in at least half of the countries in 

all regions. The European region performed best with acute stroke care available in all but three 

countries (94%). Acute stroke care was available in approximately two thirds or more countries in all 

other regions, except for the African Region. Disparities across income groups were marked, with 

around a third of LIC having acute service available, compared to around half of lower-MICs, and two 

thirds or more of upper-MICs, and HICs. 

Europe was the region with the best structured hospitals for acute care (57%) in our survey 

(Supplementary Table 7).8  However, the evaluation of the burden of stroke in Europe134 showed that 

only about 30% of patients receive stroke unit care and the proportion of people treated in a stroke 

unit varies from 10% to 80% between countries.134, 140 In addition, most hospitals do not have data to 

monitor stroke care, which makes it difficult to improve quality. It is essential to implement a minimum 

number of quality indicators to monitor stroke care, at least at the individual hospital, but ideally at a 

national level (see pragmatic solution section).113 Stroke unit certification may be a helpful framework 

to encourage and monitor improvements to drive  the quality of acute stroke care. 

Another gap in acute stroke care is the implementation of effective reperfusion treatment even 

though alteplase/streptokinase is included in the WHO Model List of Essential Medicines (2021 

Edition)144 and devices for thrombectomy in the List of Priority devices (2021 Edition). In well-

resourced and organized healthcare systems around 20% acute ischaemic stroke patients can be 

treated with thrombolysis. In LMICs less than 1% of patients with ischaemic stroke are treated with 

thrombolysis,141, 145-147 and some countries do not have any hospital able to deliver thrombolysis.148-150 

The rates of hospital use of intravascular thrombolysis increase according to the country-level income 
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status. In our survey, 47% of hospitals have IV thrombolysis available to treat stroke patients, with 

more access in the HICs. If we compare with the Registry of Stroke Care Quality (RES-Q) data, an 

international stroke centres quality indicators registry in which participating hospitals are mostly 

stroke centres, all hospitals have a CT scan, many hospitals had thrombolysis available, but the rates 

of reperfusion treatment increased according to income level, demonstrating gaps in access to the 

best treatments and disparities among  countries and inside the same country.8  

Although mechanical thrombectomy is very cost effective, there is a big demand-supply mismatch in 

LMICs. A recent survey in India showed that the number of MTs done in India are only 1000 to 1500 

per year but there is more than 270,000 mechanical thrombectomy needed per year.151 This is mostly 

due to the cost of the treatment, very few trained interventionalists and angiography equipped 

centres and potentially a lack of awareness among the physicians. 

A recent review of stroke care in Africa148 showed a 3-year fatality rate greater than 80%. In 2015 a 

geospatial analytic study demonstrated that 71% of Africans took more than 2 hours to arrive at the 

hospital. Only ten countries have stroke units:152 Morocco, Tunisia, Algeria, Egypt, Mauritania, Ghana, 

Nigeria, Guinea, Central African Republic, and South Africa. The availability of neuroimaging services 

(CT or MRI) is very limited in many African settings and the access to acute reperfusion therapies are 

limited but growing. These treatments are now available in Morocco, Tunisia, Algeria, Egypt, Central 

African Republic, and South Africa. Several countries do not have thrombolytic agents. A recent global 

survey on disparities in the cost of alteplase (tPA) and its impact on each country’s health expenditure 

resources was conducted. Despite a significantly higher per capita GDP and health expenditure in HICs, 

alteplase costs account for 217% of purchasing-power-parity adjusted per capita health expenditure 

in LMICs compared to 18% in HICs (p<0.0001).150  

In Latin American Countries significant improvement has occurred in acute stroke care organization 

over recent years.141, 153 The number of stroke centres increased from 322 (2018) to 448 (2020), all of 

them providing thrombolysis, with an increase in the number of countries with dedicated stroke units. 

All countries deliver thrombectomy in some centres, but mostly restricted to a few private hospitals. 

Pre-hospital organization remains limited in several countries. The utilization of telemedicine has 

increased but is restricted to a few hospitals and is not widely available throughout each country. 

Regardless of the increasing number of stroke centres, in some countries the patient must pay for 

reperfusion therapies, at least in part. For example, in public hospitals, thrombolysis needs full 

payment by the patient in 8% of countries whereas in 23% of the countries half of the costs are paid 

by the patient. The situation is worse for mechanical thrombectomy. It is less available, and the 

payment is covered by the government in only 32% of public hospitals and 42% by healthcare 

insurance in the private hospitals. Non-reimbursement of reperfusion treatment limits access for 

many patients. Despite this situation, there is evidence that supports the feasibility of mechanical 

thrombectomy in Latin America with the same efficacy as in HICs, especially in the private practice 

setting.154  

The reasons for governments not implementing evidence-based strategies for acute care in LMICs are 

several, including concerns about the efficacy of the treatment and complications in these settings, 

lack of knowledge about cost-effectiveness and insufficiently trained staff.145 Good quality national 

research and service evaluation demonstrating improved outcomes from implementation of 

reperfusion therapies can help drive change.155  
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The findings of our survey reinforced the importance of a global ecosystem to improve stroke care in 

the world and ensure that recommendations are implemented. This global WSO Task Force on Stroke 

commissioners has a diverse membership with adequate representation from LMICs. 

Thematic analysis of acute stroke care in high performing stroke services 

Interviews with experts about acute stroke care from nine countries (Supplementary materials pp. 8-

9, Supplementary Table 8) identified barriers and facilitators for acute stroke services. Major barriers 

identified fell into the following themes: awareness, investment, and strategy. Awareness describes 

the lack of understanding of stroke care that affected access and availability. There was agreement 

that low community awareness of stroke decreased access to evidence-based care. The lack of 

awareness among bureaucrats about stroke care resulted in low prioritization and funding of stroke 

services. The limited training and knowledge of health professionals, particularly ‘generalists’ that 

provided most care to most people, decreased access to the best care. Investment encompasses that 

all respondents agreed that funding for stroke care was inadequate. A lack of investment resulted in 

inequalities in access to care by geography or socioeconomic factors. It was almost universal that the 

best care was only available in major cities. The result was limited access to stroke units, thrombolysis 

and thrombectomy to people outside major cities or without means to pay out of pocket. Strategy 

refers to the fact that many regions lacked a national strategy or guidelines for stroke care. There were 

often no professional organizations for health professionals interested in stroke. This limited a 

national approach to training, data collection, accreditation, and advocacy on stroke. 

The major facilitators for the delivery of high-quality acute stroke services fell into the following 

themes: training, innovation, and networks (Panel 5). Training describes that the provision of regular, 

structured training was vital for building a stroke care workforce. The best training services were 

interdisciplinary, captured general practitioners that provided the most care with a variety of funding 

sources. The increasing demand for thrombectomy was creating an urgent need for more 

interventionalists. Some countries addressed this by allowing multiple specialities to perform 

thrombectomy. In other countries, tight restrictions on who could perform this service meant that 

access was limited. Innovation means that a highly motivated and invested workforce was driving 

investment to improve stroke care. The best examples were formal, e.g., government-funded, and 

informal, e.g., What’sApp groups, telehealth networks providing connected, regionalized stroke care. 

Governments in some regions were investing in mobile stroke units to increase coverage of care. 

Innovations in data collection on stroke care were driving quality improvement activities with public 

recognition of high performing centres seen as important. Networks refers to the fact that well 

organized national bodies for stroke care with strong leadership increased access to high quality care 

for stroke. The most effect networks were connected to government, resulting in endorsed guidelines 

and funding. ‘Living’ guidelines provide the potential for harmonised, internationally recognized 

stroke care guidelines that could be locally adapted. We present models of acute stroke care in LMICs 

such as China, India, Brazil, Chile, Colombia, Uruguay, Egypt, and Ethiopia (Supplementary materials, 

pp. 15-18). Various successful global initiatives for acute stroke care (The Angel’s Initiative, Mission 

Thrombectomy 2020+, Latin American Stroke Ministerial Meeting, Global Stroke Alliance, WSO 

Certification of Stroke Centres Program, free international Registry of Stroke Care Quality – RES-Q,  

Safe Implementations in Treatments in Stroke – SITS-QR, WSO Implementation Task Force, and various 

American Stroke Association programmes) are presented in Supplementary materials pp. 18-21. 

Pragmatic Solutions 

http://www.qualityregistry.eu/
https://www.sitsinternational.org/
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Key evidence-based recommendations for improving acute stroke care worldwide by pathological 

type of stroke are presented in Tables 10 and 11. The suggested quality indicators for acute stroke 

care are: (1) door-to-needle time (median and proportion of patients with door-to-needle time < 60 

min with a target > 50%); (2) door-to-puncture time (median and proportion of patients with door-to-

puncture < 120 min with a target > 50%, for Advanced Centres only); (3) proportion of patients eligible 

for reperfusion among total ischaemic stroke patients; (4) Proportion of thrombolysed patients among 

total number of ischaemic stroke patients arriving ≤ 4.5h of symptom onset (for Advanced Stroke 

Centres - a proportion patients final TICI 2b-3; time of puncture-to-recanalization); (5) proportion of 

symptomatic intracranial haemorrhage; (6) proportion of patients with swallowing assessment before 

feeding (all stroke patients); (7) Proportion of patients with suspected stroke who performed 

Neuroimaging (CT/MRI); (8) Proportion of patients discharged with prescription of antiplatelet agents 

in non-cardioembolic ischaemic stroke patients (target 100%); (9) proportion of patients discharged 

with prescription of oral anticoagulants in patients with AF (target 90%); (10) proportion of all stroke 

patients (ischaemic, haemorrhagic or TIA) attended in a stroke unit (target 90%); (11) proportion of 

patients with modified Rankin score (mRs) 0-2 at 3 months (or at least at discharge); (12) proportion 

of patients with ischaemic stroke/TIA with mRS 6 (death) at 3 months; and (13) proportion of patients 

with haemorrhagic stroke with mRS 6 (death) at 3 months. 

Starting system-level planning and implementing minimum basic acute stroke care 

Effective stroke care planning, on a national or regional level, and adequate resource allocation are 

key to improving stroke outcomes, thus facilitating a decrease of the burden of stroke. For the 

organization of acute stroke care and implementation of guidelines, it is fundamental to meet the 

minimum structural requirement and make CT imaging available to all stroke patients, to, as a 

minimum, distinguish between haemorrhagic and ischaemic stroke. In our survey only 57% of 

hospitals have CT imaging available. Even where no CT scanners can be made available, care 

improvement is still feasible. In 2014, the World Stroke Organization launched the global stroke 

services guidelines and action plan103 creating the WSO Roadmap with recommendations to regions 

with low resources, without physicians and without CT imaging, suggesting general basic stroke care 

that can be implemented anywhere (including swallowing assessment, fever management, early 

mobilization, etc.). These strategies depend only on health professionals’ training. Several 

international initiatives provide free virtual training for basic organization of stroke services and stroke 

unit protocols such as World Stroke Academy in English and Spanish,156 Angels Initiative in several 

languages and Global Stroke Alliance in Portuguese and Spanish. 

Accelerating Improvement of Acute Care Services 

The action plan suggests centres gradually work to improve their status to achieve a superior category. 

Measurement is key to achieve improvement over time. To facilitate the evaluation of services, since 

2021 the WSO Roadmap for quality of services is available online at no cost in English, Spanish and 

Portuguese, as a self-assessment tool. A centre can easily evaluate its status, and the proportion of 

elements implemented compared with the full list of recommendations. The tool clearly shows what 

needs to be implemented to improve the quality in the same stroke centre level and what they need 

to upgrade to a higher level. The tool can be used by the hospital, the stroke or neurological society 

and by the health managers to evaluate the regional or national situation. 

https://world-stroke-academy.org/
https://www.angels-initiative.com/
https://www.globalstrokealliance.com/
https://www.wsoroadmap.com/panel/EN/
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Implementation of ASUs and reperfusion treatments 

It is strategically important to encourage dialogue between stroke physicians, policy makers and 

government officers to create awareness and understanding of the importance and impact of 

implementing evidence-based strategies. A key step in stepping up a stroke unit is convincing the 

director and other health managers that it is (cost-) effective, citing the evidence and showcasing 

examples from other hospitals and/ or countries. It depends on the organization and team of 

professionals usually already available in the hospital, with some additional training and coordination 

of bed utilization for geographical co-location.  

To implement IV thrombolysis and mechanical thrombectomy the drug and devices should be 

available at affordable cost. Despite these treatments being cost-effective, access to them in low 

resource settings are limited. Governments could discuss with companies to negotiate lower costs in 

LMICs. Over the years, the WSO has helped in the discussions with Ministries of Health worldwide. 

The use of intervention conceptual frameworks like the behaviour change wheel which is based on 

the COM-B behaviour system can aid countries and regions in the identification, design, and 

implementation of evidence-based complex interventions like this one.15  

It is imperative that the regional stroke centres be fully equipped, including with the ability to deliver 

and teach mechanical thrombectomy. The training of providers in these techniques can follow the 

model of regional surgical training centres established in response to the 2015 Lancet Report on the 

provision of essential surgical care in LMICs.157 In telemedicine, the  lack of trained doctors for acute 

stroke care is an important gap in several countries in the world. Telemedicine can be used to increase 

the access to acute treatments in these areas.158-163 Mobile telemedicine can be a lower cost 

alternative.160  

 

PANEL 5: KEY SOLUTIONS FOR IMPROVING ACUTE STROKE CARE 

Recognition of gaps: The organization of acute stroke care starts by recognizing the gaps in structure 

and care locally. As many countries have huge intra-country disparities, mainly in LIC and lower-MIC, 

the interventions should be tailored to each country region. Our situational analysis combined with 

the literature review, helped to identify these barriers that may hinder implementation of evidence-

based recommendations. The online WSO Roadmap also can help to evaluate the structure of stroke 

services. 

Discussion with local health authorities:  

• The next step is to discuss these gaps and the recommendations with the directors of hospitals 

and local or national health authorities, supported by the local WSO-Lancet Neurology on Stroke 

commissioners and societies, to elaborate action plans. It is crucial to surmount the barriers of 

cost, availability, and affordability of reperfusion therapies, including access to mechanical 

thrombectomy.  

• There is a significant variability in the cost (higher in LMICs) and availability of alteplase across 

countries. Efforts should be made to provide sufficient supply of alteplase across the globe and to 

reduce the cost of alteplase in resource limited settings.141 Stroke care should be included in the 

Universal Health Coverage package in the WHO member countries. Expensive treatments like IV 

thrombolysis and mechanical thrombectomy should be made affordable; governments can 

negotiate with companies concerned to reduce these costs as occurred in Brazil.  
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• Initiatives such as the Latin American Stroke Ministerial Meeting and Global Stroke Alliance can 

be organized in all regions of the world to bring together health managers, including the Ministers 

of Health, to facilitate the discussions and action plans. Identification of recognized regional and 

national ‘stroke champions’ among the WSO Task Force on Stroke commissioners may help the 

discussion with the local health authorities and the implementation of the evidence-based 

recommendations.  

Structuring of the services:  

• The organization of acute stroke care includes well-trained emergency medical service workers 

for early recognition of stroke signs and rapid rescue and transfer of the patient to a stroke centre, 

rapid evaluation in the emergency department and the initiation of acute stroke treatments in a 

timely manner, admission to a stroke unit, management by a multidisciplinary team, and early 

initiation of the rehabilitation interventions.113, 133, 164  

• More important than physical and technological infrastructure, it is essential to organize the 

pathways for stroke care with the role of each component of the stroke team very well defined, 

and train personnel to establish acute stroke protocols. The multidisciplinary team ideally should 

include at least a physician, nurse, nurse assistant, physiotherapist and speech therapist.113  

• It is fundamental to increase the number of stroke units (at least 50 beds per 1 million inhabitants) 

with a multidisciplinary approach, and implementation of evidence-based acute treatments 

(thrombolysis as a first step and thrombectomy as the next step in comprehensive centres).141 

Furthermore, we recommend the creation of comprehensive centres providing all necessary 

treatment options, with at least one centre per 2 million inhabitants).141  

• Initiatives such as the Angels Program and WSO Task Force can help in the first steps of the stroke 

centre organization. Health authorities need to create national plans for stroke with regional 

networks to increase access to care, include evidence-based stroke care in government-funded 

services, implement interoperable electronic medical records systems, and establish a national 

strategy for stroke care. 

Telemedicine: There are global disparities in the availability of neurologists to assist acute stroke care. 

In several countries, other medical specialities (e.g., emergency, intensive care, and internal medicine 

physicians) have been trained to assist and treat stroke patients in acute care. In areas without trained 

professionals, telemedicine can safely and effectively increase the access to acute stroke care. Good 

examples of the success of telemedicine in LMICs exists in Ethiopia, India, Chile, and Brazil. 

Education:  

• The training of health professionals in stroke care is a fundamental tool for an effective 

implementation of the guidelines. There are large disparities in the availability of neurology 

training between HICs and LMICs.165  

• Digital solutions-based training can be utilized to build capacity among physicians and nurses to 

deliver evidence-based stroke care especially in remote areas without access to trained 

professionals.  

• Success models are the Chilean MOH program with free educational virtual stroke courses for 

health professionals, the World Stroke Academy, Angels Initiative and Global Stroke Alliance 

virtual platforms, providing quality training without cost for several countries.  

• The mechanical thrombectomy trained neuro-interventionalists with workshops and hands-on 

training to improve the quality of the procedures and the patients’ outcomes. The lack of speech 

https://www.world-stroke-academy.org/
https://www.angels-initiative.com/
https://g.allm.net/events/global-stroke-alliance-2022/
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therapists is quite common in LMICs, and nurses or physiotherapists can be trained to perform 

the swallowing evaluation in the acute phase and during rehabilitation. A good example of a peer 

network to advocate and facilitate the global implementation of mechanical thrombectomy is the 

Mission Thrombectomy 2020+ (MT2020+) initiative in the USA. 

Quality monitoring: To monitor the quality of acute stroke care, a nationwide registry and essential 

quality control instrument of all patients with stroke admitted to hospitals should be implemented 

with a minimum dataset such as the RES-Q, SITS-QR or other platforms. We recommend that hospitals 

publicly report stroke outcomes. There is some evidence of better outcomes among institutions which 

publicly report mortality for stroke and myocardial infarction.166  

Certification: The certification of Stroke Centres with an external audit by a recognised in this area 

national or international agency can help to improve the quality of the care delivered and to ensure 

the implementation of the main recommended structure and personal in the stroke centres as 

occurred in Latin America and China. 

Research: We recommend that leaders, researchers, professional societies, and health authorities 

organize and fund research in stroke, especially in LMICs. All these strategies should be discussed with 

health managers, including governments, creating national stroke policies, as occurred in Chile and 

Brazil. 

Key research gaps and future directions for improving acute stroke care:  

• Development and evaluation of optimal strategies to increase early recognition, early hospital 

admission, and access to appropriate care of acute stroke in LMICs (including reperfusion 

therapies).  

• Evaluation of the strategies of triage of stroke patients in the pre-hospital setting and determine 

the best strategies to distribute these patients to appropriate stroke centres in different 

healthcare systems (high probability of large vessel occlusion to primary stroke centre versus 

direct to comprehensive stroke centre).  

• Evaluation of the best approach to management of hypertension in hyperacute (prehospital) and 

acute stroke patients in low resource settings.  

• Determination of the subtypes of acute haemorrhagic stroke which do better with surgery than 

conservative care and evaluation of the best surgical approach in these subtypes.  

• Development and evaluation of putative neuroprotective drugs for improving stroke outcomes. 

• Deeper understanding of stroke and its molecular risk factors to unravel new molecular targets 

for novel diagnostic and prognostic tools as well as new treatments and preventive drugs 

especially for intracerebral haemorrhage. 

• Development and evaluation of novel definitive therapies for haemorrhagic stroke.  

• Development and evaluation of treatments for dysphagia. 

• Evaluation of telemedicine for potentially increasing access to specialized stroke treatment in 

LMICs. 

• Determine the capacity required of health services and workforce to manage stroke.  

• Evaluation of disparities in access to stroke care and prevention within and among countries and 

regions.  

• Discovery of neuroprotective drugs for acute stroke treatment. 

 

https://missionthrombectomy2020.org/
http://www.qualityregistry.eu/
https://www.sitsinternational.org/
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SECTION 6: STROKE REHABILITATION 2829 words 

Introduction 

The burden of stroke constitutes a huge public health issue as it remains the third leading cause of 

disability.1, 125, 167 Any genuine effort to reduce the global burden of stroke must utilize solutions which 

are implementable globally to address stroke-related limitations in functioning . In this part of the 

Commission report, we proffer pragmatic solutions to maximize implementation of, and the global 

impact of, evidence-based recommendations for rehabilitation of stroke survivors based on a 

situational analysis. 

Situational and gap analysis 

Purpose and principles of stroke rehabilitation  

Over two-thirds of stroke survivors experience impairments leading to limitations in activities of daily 

living and participation restriction.1 These include motor, sensory, visual, swallowing, language, 

cognitive and psychological impairments.168 Rehabilitation adds years to life, life to years and meaning 

to life. Rehabilitation maintains and improves function, participation in domestic, social and work life, 

and health-related quality of life and mental health, and enables the achievement of a meaningful, 

fulfilled and prolonged life.169, 170 However, the extent of functional recovery after stroke is variable 

and depends on a number of factors, including condition prior to stroke,  age, the location and size of 

the stroke lesion, comorbidities, and the quality and quantity of rehabilitation care received after 

stroke.171  

Neural repair and regeneration with the regrowth of neurons and associated circuitry,  is the ideal 

target for recovery but the most challenging,  though recent research with stem cells and growth 

factors provides a pathway.169 Thus, neuroplasticity – the structural and functional changes in neural 

networks adjacent to the  stroke lesion in response to external stimuli – is another promising target.169 

This is mainly driven by function- or task-specific and goal-directed training that is  repetitive and 

challenging enough to maintain  attention and to promote body functions and capacities beyond the 

perceived limits.171 With neuroplasticity, deficits in motor  and other functioning domains are reduced, 

and people may recover partially or fully. Moreover, rehabilitation also involves adaptative and 

compensatory interventions utilizing alternate behavioral strategies (coping mechanisms) and 

assistive products to enable specific tasks, functions and roles for stroke survivors with the aim of 

maximizing improvement and quality of life.172  

Review of the current state of stroke rehabilitation  

Significant gaps exist in the quality and quantity of rehabilitation services for stroke across countries 

of all income strata including deficiencies in the education of rehabilitation workers, patients and 

caregivers;  inadequate use of  evidence-based protocols for stroke rehabilitation, and the non-

availability and quality of stroke rehabilitation services across multiple settings– in outpatient, in-

patient, and community settings (Supplementary materials pp. 22-23, Supplementary Table 9).173-175 

Reports from a recent survey,8 the World Health Organization NCD Survey,176 and the RES-Q data177, 

178 showed that most countries had less than half of the American Heart Association recommended  

stroke rehabilitation services. Compared to other stroke pillars (surveillance, prevention and acute 

care), rehabilitation was the least available in every region in LMICs.8 Recent studies showed LMICs 

had significantly lower rehabilitation services compared to HICs – in-patient rehabilitation, home 
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assessment, community rehabilitation, education, early hospital discharge program, rehabilitation 

protocol –compared to HICs.8 The 2017 WHO Atlas for neurological disorders demonstrated that of 

the 105 countries responding to the survey, only 16% had specialized neurorehabilitation services and 

only 17% report general rehabilitation services offering neurological rehabilitation. This reduces 

productivity in LMICs, especially in Africa and India where stroke occurs at a younger age, thus 

affecting the workforce.179 However there seems to be an increasing availability of rehabilitation 

services with increasing income strata.8, 180 

An effective rehabilitation service must include the required interdisciplinary/transdisciplinary 

components, a lack of which markedly affects community reintegration of stroke survivors. 

Physiotherapy services appear to be the only available component especially in LMICs where 

occupational therapy, psychotherapy, speech and language therapy, nutritional therapy and social 

work are less available.175, 181, 182 This alongside low-dose and intensity of services may explain 

differential recovery patterns for stroke survivors in LMICs compared to HICs.183 The provision of 

simple interventions including education of  patients on their management plan and self-management 

occurred in less than 25% of  countries in all income categories.8  

There is also a lack of multidisciplinary rehabilitation for stroke survivors  which is associated with high 

rates of depression, poor quality of life and low rates of return to work.180 Older adults, females, 

patients with impaired consciousness at admission and/or prior history of stroke, and patients not 

referred and counselled on the need for rehabilitation are less likely to undergo rehabilitation.184, 185 

A solution  remains tapping into telemedicine. Despite the positive reception to telerehabilitation, 

there are challenges with equipment setup, limited scope of exercises,163, 186 difficulties with patient 

assessment, interface problems, and time limitation in daily care.187 Further investigations on cost, 

benefits, feasibility, and efficacy in different regions are needed.  

Meanwhile, the lack of an efficient service structure and related protocols in LMICs and some HICs has 

led to prolonged wait times for rehabilitation needs assessment and intervention, hospital discharge 

without an on-going rehabilitation plan in place – a major requirement in early supported discharge 

schemes, inadequate long-term support, inadequate screening and care for depression, and lack of 

psychological and social support.182, 188 

 

Thematic analysis of stroke rehabilitation  

Interviews with experts from nine countries identified major barriers and facilitators to the delivery of 

high-quality stroke rehabilitation (Supplementary Table 10). The major barriers identified for the 

delivery of high-quality stroke rehabilitation services fell into the following themes: complexity, scope, 

and awareness.  

Complexity encompasses that the inter-disciplinary (rehabilitation physicians, physiotherapists, 

speech and language therapists, psychologists, prosthetists and orthotists, occupational therapists, 

nutritionists and nurses) and inter-setting (acute care, outpatient care, community, home, public and 

private providers) nature of rehabilitation created issues for prioritizing and delivering funding, 

governance of workforce and services, data capture and reporting, and quality improvement and care 

coordination. Scope describes that most stroke rehabilitation is focused on a limited range of services, 

for a limited amount of time, in a limited number of settings. It was common that only physiotherapy 
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was available, with very limited access to other specialities, e.g., speech pathology, occupational 

therapy, or neuropsychology. Government-funded services were mostly restricted to those provided 

with acute care, not through community, home, or tele-based services. The broadest scope of services 

was only available to those in large cities that had the means to pay. Awareness describes that there 

is low awareness of the role of rehabilitation after stroke in enhancing recovery across a broad range 

of stakeholders (e.g., community, health professionals, policy makers). This resulted in low political 

will to fund services and limited advocacy stakeholders to increase access or scope of services. There 

was evidence of recent shifts in awareness, particularly among health professionals, linked to the 

growing evidence-base and professionalization of the allied health workforce.  

The major facilitators for the delivery of high-quality stroke rehabilitation services fell into the 

following themes: evidence-based care, universal healthcare and capacity building.  

The evidence-based care theme describes the role of guidelines, frameworks, or protocols for stroke 

rehabilitation. The development and implementation of these documents assisted with service 

planning and ensured quality of care. There were numerous examples of how data collection aligned 

with frameworks assisted in planning and evaluation. Many expressed regret that data were not used 

nationally to plan services or that data were restricted to counting cases of stroke in hospital settings 

only. Universal healthcare was a major theme providing a safety net of at least some care to most 

people after stroke. While most agreed that government-funded services were not perfect, there was 

strong agreement that allied health professionals were doing the best they could with their current 

resources. The importance of the private sector for providing stroke rehabilitation cannot be 

understated. These user pays services provided access to a wider range of services (e.g., speech 

pathology, occupation therapy and psychology) for a longer time in the community. Capacity building 

facilitated stroke rehabilitation through training (undergraduate and post-graduate) and registration 

of allied health professionals. There was limited capacity for allied health training outside nursing and 

physiotherapy in many LMICs. In several regions stroke rehabilitation leadership fell to a small number 

of individuals. In this context, mentoring and communities of practice contributed to capacity building. 

There were several examples of online, internationally led mentoring programs for people in LMICs 

that were seen as important to prevent the ‘brain drain’ that occurs when leaders leave for training. 

Special Interest Group Clinical Pathways of the international survey 

The World Federation for Neurorehabilitation (WFNR) issued over 150 specific evidence-based stroke 

rehabilitation practice recommendations in 2021, developed by 14 multi-professional international 

author groups.186 From June to August 2022 the Special Interest Group Clinical Pathways of the WFNR 

organized an international survey asking healthcare professionals (clinicians) involved in 

neurorehabilitation to indicate to what degree these practice recommendations can be implemented 

in their region (not necessarily in their institution or by themselves), and, if they could not be 

implemented as indicated to provide information about the reasons why (Supplementary Tables 11 

and 12).  The lack of fundamental aspects of the team approach for stroke rehabilitation in 20 to 40% 

of healthcare settings globally raises concerns and points to a need to address such service deficiencies 

with a worldwide perspective. In addition, the disparities between HICs and LMICs help to focus on 

deficiencies at a regional level. This applies both to the establishment of interdisciplinary teams with 

specific training and experience in the field and the continuation of stroke rehabilitation after 

discharge in LMICs. Accordingly, there is a substantial need for capacity building in LMICs. And there 
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is the question of clinicians’ knowledge and skills for a multidisciplinary team approach in the 

community in HICs that needs to be addressed. See Supplementary materials for further details 

Gaps in stroke rehabilitation evidence-base  

There is a relative paucity of deployment of evidence guidelines, especially in LMICs (Supplementary 

Table 12). Some LMICs guidelines recommend treatments that do not appear in the HIC guidelines 

and for which there is little evidence of effect (e.g., cryotherapy, range of motion exercise for paresis, 

and magnetotherapy for spasticity). Also, some LMIC guidelines include recommendations that might 

be taken for granted in HICs (e.g., to train nursing staff in early stroke rehabilitation).189  

Equally apparent are gaps of evidence when practice recommendations that are considered important 

by expert opinions and international evaluation panels are not supported by evidence of at least low 

quality (according to GRADE).189 Such examples are: complex interdisciplinary rehabilitation to be 

provided for patients with prolonged disorders of consciousness (DOCs) post-stroke, and the optimal 

approach to speech and language therapy for aphasia.190 Evidence on how best to treat post-stroke 

neuro-visual disorders including unilateral spatial neglect is of low quality,  except for prism 

adaptation191 and is hardly sufficient to guide clinical decision making even though these stroke 

sequelae are frequent and affect activities and recovery substantially. Similarly, there are gaps in the 

evidence-base to support specific interventions for post-stroke cognitive, emotional, and behavioural 

disorders, and fatigue. These areas have a very high impact on daily life and participation and yet there 

is little evidence to support clinical practice.  

Such evidence gaps highlight an urgent need to engage in comprehensive collaborative stroke-

rehabilitation related research from bench to bedside, ideally in a global effort.  Brain recovery 

research (basic science) needs to take a lead and help generate therapeutic concepts that can be 

tested with translational research. When supportive, these further lead to high-quality pivotal clinical 

trials and consequently systematic reviews and meta-analyses to guide clinical decision making.192  

Evidence-based, innovative and pragmatic solutions 

Pragmatic solutions to accelerate stroke rehabilitation worldwide are derived and are to be 

implemented through the following process and principles (Panel 6). Theory-driven synergistic actions 

based on the implementation wheel adapted to harness all resources for concerted application of the 

pragmatic solutions from this Commission. The proposed solutions are aligned with WHO and UN NCD 

SDG, Brain Health, WHO IGAP initiatives and Rehabilitation 2030 Targets and are based on: (a) 

evidence-based practice recommendations derived from a synthesis of evidence-based guidelines 

and/or best evidence based on systematic evidence-to-decision methodology including GRADE levels 

of evidence and strengths of recommendations. Only high quality, high impact, consistent, 

implementable, low-cost recommendations are selected for the continuum of care. (b) Randomized 

Control Trials with newer evidence covering gaps in existing guidelines. (c) Prioritization of 

recommendations to ensure focus on key recommendations with the potential to benefit the largest 

population of stroke survivors and translatability. (d) Contextualization of intervention using the 

political, legal, ethical, anthropological,  and socioeconomic framework. Development of a sustainable 

multisectoral interdisciplinary implementation ecosystem at international, regional, national, and 

subnational levels (macro, meso and micro levels) which informs, inspires, collaborates with, and 

empowers (ICE) all stakeholders to act towards achieving the targets. Use of an integrated stroke 

services approach (Figure 2) addressing the continuum of surveillance, prevention, acute care, and 
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rehabilitation across the life-course. Use of the principle of the iterative implementation cycle to 

navigate barriers and enhance facilitators to deliver impact through effective communication with and 

participation of all stakeholders. (Figure 3). 

Recommendations on specific interventions are derived from the leading evidence-based stroke 

rehabilitation guidelines globally, which require adaptation to the local setting. Political, legal, ethical, 

anthropological,  and socioeconomic implications of the recommendations, and anticipated and 

observed barriers and facilitators for implementation are highlighted (Table 12 and Supplementary 

Tables 13).191 In addition, the forthcoming WHO Package of Interventions for Rehabilitation for Stroke 

provides an overview on interventions for rehabilitation relevant to people with stroke. To implement 

these key recommendations, there is a great need to establish interdisciplinary rehabilitation facilities 

and training programs in tertiary institutions, especially in LMICs, for delivery by all categories of 

rehabilitation professionals worldwide. This is important in the face of the broad accumulating 

evidence for stroke rehabilitation and hence the necessary knowledge management implied.192  

In the interim, enhancing self-efficacy, implementation of the forthcoming WHO Basic Rehabilitation 

Package193 and supervised task-sharing with available personnel and capable supported family 

members may bridge the gap and help to deliver the required frequency and intensity of impairment- 

and task-oriented practice to facilitate neuroplasticity and recovery.6, 194-196 However, the results of 

the ATTEND trial raise some doubts on the limitations.197 Future research should perhaps also 

investigate caregiver-mediated interventions combined with e-health and telerehabilitation services 

to augment training and allow adequate feedback.198  

Indeed, (tele)rehabilitation can be offered in various settings including intensive care, in-patient care, 

outpatient care, community-based and family-based care.199-202 Therefore, the gap in education on 

patient management and self-management could be targeted across all countries to improve 

management of stroke patients by developing educational tools (including videos and apps) that can 

be disseminated globally. The results of the recent trial prove that video conferencing systems to 

connect specialists in urban areas to healthcare specialists in the rural areas is feasible in LMICs.203  

Financing solutions including local manufacturing, health insurance systems and subsidies can 

improve access to these materials. Meanwhile, better organization and optimization of available 

resources through care protocols is essential9 globally including them in some HICs which lack 

standardized follow-up care.204  Most of the existing guidelines emanate from HICs. In the absence of 

alternatives, there is a need to adapt and implement them in LMIC settings until local evidence 

emerges. A major facilitator to overcome this barrier for implementation in LMICs is the regional 

adaptation of practice recommendations by making use of the evidence,205 but actively transforming 

recommendations regionally into clinical pathways that reflect the local healthcare priorities, settings 

and capacities.206 The ‘Key Recommendations to improve Stroke Rehabilitation services worldwide’ 

presented in the Tables 12 and 13 and supplementary Table 13 provide the means to do so.  

A novel approach is the concept of ‘living guidelines’ whereby experts from across the world 

participate in the process of developing internationally agreed evidence-based guidelines that could 

be adapted in the local context across the globe. This could save a lot of time and resources if each 

country was not spending time reviewing evidence and developing their guidelines from scratch. For 

example, a ‘living’ stroke online guideline model with a dynamically updating summary of stroke 

evidence to guide clinical practice and policy development was recently adapted in Australia. The 

https://www.who.int/activities/integrating-rehabilitation-into-health-systems/service-delivery/package-of-interventions-for-rehabilitation
https://www.who.int/activities/integrating-rehabilitation-into-health-systems/service-delivery/package-of-interventions-for-rehabilitation
https://strokefoundation.org.au/what-we-do/for-health-professionals/living-stroke-guidelines
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success of such a concept is dependent on strong leadership and coordination, and would need to be 

adequately financed. 

The development of genuine international evidence-based stroke rehabilitation guidelines that focus 

on therapeutic approaches rather than on organizational issues, could also be useful to structure 

regional or local stroke rehabilitation pathways directly and to develop their resources in a way that 

will eventually achieve effective stroke rehabilitation.206 Such international practice recommendations 

for stroke rehabilitation were developed by the WFNR.206, 207  

Given the increasing number of stroke survivors and already limited health resources for ongoing 

community rehabilitation, availability of effective and accessible self-management programmes/tools 

for stroke survivors and their caregivers is important. There is evidence that self-management 

programmes/tools are feasible to use and can improve survivors’ self-efficacy, outcome expectations, 

and satisfaction with performance of self-management behaviours.208, 209 A good example of 

instructional and educational tools is the WSO, World Federation for Neurorehabilitation endorsed 

videos on stroke self-management.209 

The proposed recommendations presented in Supplementary Table 13 and summarized in Tables 12 

and 13 can be considered as a complementary reference source that help to identify key processes 

(interventions) to be considered and implemented for stroke rehabilitation. These evidence-based 

practice recommendations are – while not limited to specific healthcare contexts while being 

developed – equally meant to be implemented via regionally contextualized clinical pathways.  The 

WFNR explicitly focuses on this dual process of both the (contextual-independent) identification of 

evidence-based practice recommendations for interventions in stroke rehabilitation as one (globally 

valid) step, and their embedding in contextualized regional pathways that take regional priorities, 

resources, and organizational backgrounds (including healthcare structures) into account.207 They 

nevertheless serve as a starting point to generate beneficial and cost-effective stroke rehabilitation 

structures (including healthcare services). The attribution of selected interventions to healthcare 

professions and the organization of implementing interventions does not follow a tight link that would 

conceptually be set forth but is a matter of such regional contextualization. 

Key research gaps and future directions for stroke rehabilitation 

Future research in stroke rehabilitation should investigate the post-stroke life-course of stroke 

survivors, determinants of functional dependence in different countries and populations, the 

equivalency or non-inferiority of supervised task-sharing with available personnel and capable 

supporting family members in overcoming the shortage of professionals in LMICs (as compared to 

traditional care model), community-delivered versus facility-based rehabilitation models, 

regenerative strategies, including low-cost and accessible robotics neuromodulation tools and brain-

computer interfaces. We also need validation studies to determine the effectiveness of rehabilitation-

based educational tools including telerehabilitation, training videos, and mobile health (including role 

of delivering care in COVID 19 and similar pandemics). Validation and implementation studies are 

required to determine the feasibility, effectiveness, and coverage of home-based rehabilitation 

(including self-management), community-based rehabilitation, and informal rehabilitation services as 

well as validation studies for locally manufactured rehabilitation and assistive devices with health 

economic analysis on cost benefit, cost utility, and cost effectiveness. Evaluation and improvement of 

the capacity of health services and workforce for stroke rehabilitation in terms of education, skill 
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acquisition, and availability of required tools as well as implementation research of tailored 

rehabilitation protocols for LICs and LMICs are also needed. 

PANEL 6: KEY MESSAGES FOR STROKE REHABILITATION 

Key pragmatic solutions for stroke rehabilitation 

• To ensure an efficient service delivery and reduction of complications (including cognitive 

impairment, depression, etc.), multidisciplinary setting for multidimensional assessment and 

intervention should be the focus, as well as enhancing self-efficacy and supervised task-sharing 

combining available personnel and the support of capable family members to bridge the gap and 

optimize the quality of life and meaningful life after stroke. 

• Where inadequate, there is an urgent need to invest in the training of a broad range of therapists 

and other stroke rehabilitation professionals, research to generate innovative low-cost 

assessments and interventions, education and cross-learning from peers, advocacy to mobilize 

resources and financial solutions and multidisciplinary therapy especially in LMICs.  

• Development of core assessment measures and minimum standardized rehabilitation 

requirements which should include skin assessment, swallowing assessment, deep venous 

thrombosis prophylaxis and infection (pneumonia or urinary tract infection) control. 

• Using conceptually broad assessment tools such as the modified Rankin Scale and the NIH Stroke 

Scale, much information about the type and severity of both disability and impairment could be 

documented with international standards without having to have each aspect to be covered by a 

separate assessment. The latter would still be suggested for clinically -specific assessments in 

specialised services having the training and resources for their implementation. 

• Dissemination of rehabilitation multidimensional assessments, solutions, training videos 

(including self-management), and advocacy targeting all stakeholders involved in stroke care 

should be implemented in all regions. The spread and reach of information technology options 

available including smartphones and online videos across the globe provides channels that could 

be harnessed. 

• While the ultimate goal would be equity in the array of stroke rehabilitation services available 

worldwide, there is an urgent need to actively adapt evidence-based effective pragmatic 

recommendations at the regional and national level into clinical pathways that reflect the local 

healthcare priorities, settings and capacities. 

• Contextualization and implementation of pragmatic solutions across the globe through WSO Task 

Force on Stroke commissioners and ecosystem will develop, implement, and monitor strategic 

action plans with all stakeholders to ensure availability of stroke rehabilitation services to all 

eligible stroke patients in their countries and regions. They will also advocate for the training of 

rehabilitation personnel who can offer domiciliary services. 

Key Research Gaps and Future Directions for Rehabilitation 

• Multidimensional characterization of the post-stroke life-course profile of stroke survivors  

• The prevalence and management of risk factors for functional dependence and mortality at a 

population level 

• Determination of the capacity and needs of the health services and workforce for stroke 

rehabilitation in terms of education, skill/competencies, and availability of required 

tools/equipment e.g., utilizing the WHO Rehabilitation Competency Framework 

https://www.who.int/teams/noncommunicable-diseases/sensory-functions-disability-and-rehabilitation/rehabilitation-competency-framework
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• Development of agreed rehabilitation service performance indicators to monitor rehabilitation 

quality  

• Assessment and monitoring of country coverage and outcomes of stroke rehabilitation with 

routine data collection from facilities, e.g., utilizing the WHO Routine Health Information Systems 

– Rehabilitation toolkit 

• Validation studies to determine the effectiveness of educational tools for stroke rehabilitation 

including telerehabilitation, training videos (including self-management tools/programmes), and 

mobile health (including the role for delivering remote care as in COVID 19 and similar situations) 

• Validation and implementation studies to determine the feasibility, effectiveness, and coverage 

of home-based rehabilitation (including self-management), community-based rehabilitation, and 

informal rehabilitation services 

• Determination of the equivalency or non-inferiority of supervised task-sharing with available 

paramedical healthcare personnel and capable supporting family members in overcoming the 

shortage of rehabilitation professionals in LMICs (as compared to the traditional care model) 

• Studies further investigating the cost benefit, cost utility, and cost effectiveness of locally 

manufacturing assistive devices  

• Investigation of regenerative medicine, novel medications to modify neuroplasticity, low-cost 

and accessible robotics, neuromodulation tools, and brain-computer interface approaches which 

currently have limited evidence of effectiveness 

• Determination of novel biomarkers for prognostication and quantification of neural repair and 

recovery and recovery 

• Implementation research of tailored rehabilitation protocols for LICs and LMICs 

• Investigation of the effectiveness of peer support across various settings 

• Research into the effectiveness of community-based services for inter-disciplinary care 

• Determination of the effective therapies for post-stroke fatigue 

• Investigation of the use of digital solutions for post-stroke rehabilitation and supporting 

transitions, medication compliance, and discharge education 

• Clinical trials for rehabilitation of stroke survivors with aphasia210 

• Determination of the optimal dosage of therapy for physiotherapy, swallow therapy, speech and 

language therapy, psychotherapy, etc. 

• Investigation of the role of psycho-spiritual therapy for post-stroke rehabilitation. 
 
 

CONCLUSIONS 2742 words 

Despite available evidence-based interventions, there are huge within- and between-country gaps in 

the delivery of stroke surveillance, prevention, and care across the globe, especially in LMICs. Effective 

planning of stroke surveillance, prevention and care services, workforce training and capacity building, 

monitoring of stroke burden and services quality indicators nationally, and certification of acute stroke 

services are major steps to control stroke global disease burden. To maximize the impact of the limited 

resources available, it is critical to develop and deploy cost-effective evidence-based pragmatic 

solutions by active engagement of all stakeholders including policy makers, and local communities. 

Region-specific adaptations of guidelines and their incorporation into clinical practice to guide 

national prevention and stroke care is essential to bridge the gaps in stroke care between high-income 

countries and low-income and middle-income countries. Population-wide deployment of stroke risk 

https://www.who.int/activities/integrating-rehabilitation-into-health-systems/routine-health-information-systems---rehabilitation-toolkit
https://www.who.int/activities/integrating-rehabilitation-into-health-systems/routine-health-information-systems---rehabilitation-toolkit
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factor detection and control through task sharing and digital tools is essential to reduce the incidence 

of stroke across the life course. Establishment of stroke units, stroke centres and rehabilitation 

services should be prioritized worldwide particularly in resource-limited settings. Promoting universal 

health coverage will enable wider usage of thrombolysis and mechanical thrombectomy. Simple 

interventions focusing on managing fever, swallow assessment and blood sugar control are low-cost 

strategies which improve stroke outcome.  

Implementation ecosystem  

The WSO Task Force on Stroke and proposed ecosystem (Figures 2 and 3) has the potential to play a 

pivotal role in supporting implementation of recommended cost-effective strategies to reduce stroke 

burden across the globe. The WSO Task Force on Stroke will provide independent management of the 

project, implementation of the Commission’s recommendations (via commissioners and proposed 

ecosystem) and disseminations of the project findings (Figure 2). This will also involve Training of 

personnel and providers, Research to generate innovative low-cost interventions, Enlightenment and 

empowerment of both patients and healthcare providers along the life course, Advocacy to mobilize 

resources and financial solutions and multidisciplinary Therapy (TREAT). This approach will bring about 

transfer of knowledge from peers in the same income strata with better stroke care and rehabilitation 

services. Global ranking of countries for stroke surveillance, prevention, acute care, and rehabilitation 

services, bi-annually, will stimulate healthy competition and improvement. Efforts to mobilize 

financial solutions through the international stakeholders and implementation partners in the 

ecosystem are crucial. This is because stroke, a leading cause of disability, is also a leading cause of 

catastrophic spending especially in LMICs. Most LMICs rely on out-of-pocket payment for healthcare 

which is grossly deficient and inadequate for the life-long care required for functional recovery and 

secondary prevention, and most often plunges patients’ families into catastrophic financial 

straits.170,171  

Synergy with existing international initiatives  

The world is experiencing a neurologic revolution.211 The new WHO Intersectoral Global Action Plan 

(IGAP) on Epilepsy and other Neurological Disorders 2022-2031 was adopted by the 75th World Health 

Assembly in May 2022. It will coordinate efforts to achieve an ambitious agenda for neurological 

conditions such as stroke. Global targets have been set by the action plan to improve access to care 

and treatment, recovery, well-being, and participation of people living with neurological disorders, 

while simultaneously reducing mortality, morbidity, and disability. The action plan focuses on 

increasing access to assistive technology and products for those who need them across all levels of 

health services with a focus on primary care and within Universal Health Coverage (UHC). The training 

and education of an interdisciplinary workforce, including rehabilitation specialists trained in 

neurological conditions, is also a strong emphasis of the action plan.  

This plan represents an integrated approach to neurology and neurological conditions throughout the 

life-course and envisions a world in which “brain health is valued, promoted, and protected across the 

life course; neurological disorders are prevented, diagnosed and treated; premature mortality and 

morbidity are avoided,  and people affected by neurological disorders and their carers attain the 

highest possible level of health, with equal rights, opportunities, respect and autonomy”.34, 211-215 It 

also articulates strategic objectives and specific targets, indicators signifying the achievement of these 

targets, and the means of verification of each indicator. In a wider context, brain health and overall 

health depend on the sustainability of interconnectedness of all life – humans, nonhumans, and the 



46 
 

earth through inventing and implementing equitable economic systems and solutions across various 

sectors of life and environment.216, 217 This marks a turning point for neurological disorders, brain 

health, animal and environmental health at their cores. The advent of the neurologic revolution,211 

leveraging the WHO IGAP, WHO Rehabilitation 2030,34, 218 WHO NCD,219 United Nations Joint Action 

Plan on One Health,220-222 and brain health initiatives223 is propelling neurology to the forefront of the 

global health and development agenda by harmonizing global neurology activities and advocacy 

efforts into a united, powerful force.  Stroke is not only the leading cause of neurological deaths and 

disabilities globally, but also a leading cause of death from NCDs.  

Due to the chronic nature of many neurological disorders, the importance of involving caregivers in 

the rehabilitative process following neurological injury such as that sustained in stroke is paramount. 

Challenges for carers include stress and emotional strain, financial burden and social isolation. Roles 

and challenges may vary depending on the age of the carer and are also different when caring for 

children, adolescents, or older adults. Carers who are actively involved in the rehabilitative process 

are a vital member of the rehabilitative team. 

Overall, NCDs cause 74% of all deaths globally. But if every country were to adopt the interventions 

that are known to work, at least 39 million NCD deaths could be averted by 2030, and countless other 

lives would be longer, healthier, and happier. The drivers of the NCD deaths are social, environmental, 

commercial, political, and genetic, and their presence is global. Every year, 17 million people under 

the age of 70 die of NCDs, and 86% of them live in LMICs. Many of these early deaths are preventable. 

Addressing major risk factors that can lead to them – hypertension, diabetes, dyslipidaemia, tobacco 

use, unhealthy diet, harmful use of alcohol, physical inactivity, and air pollution – could simultaneously 

prevent and delay significant ill health and a large number of deaths from stroke and other NCDs. 

Improving access to prevention, treatment, and care particularly in LMICs could prevent or delay NCDs 

and their consequences.  

Every member State of the United Nations has committed to the Sustainable Development Goals 

(SDGs), which include a target to reduce premature death from NCDs by a third by 2030. This could 

save millions of lives, but few countries are on track to achieve the target. Relatively small additional 

investments in NCD prevention and treatment could make a big difference long before 2030: spending 

an additional US$ 18 billion per year across all LMICs could generate net economic benefits of US$ 2.7 

trillion over the next seven years. This is an investment, not simply a cost, with the benefits of action 

going far beyond health. The right policies for NCD prevention and treatment will have significant wins 

for other sustainable development concerns. Poverty and inequity can be reduced through the 

introduction of universal health coverage that avoids the need for catastrophic expenditure on 

treatment for those with an existing NCD. Food systems will be healthier for people and the planet.  

However, for those who still develop stroke, the WHO Rehabilitation 2030 initiative draws attention 

to the profound unmet need for rehabilitation worldwide and highlights the importance of 

strengthening health systems to provide rehabilitation. Rehabilitation 2030 is mobilizing stakeholders 

to accelerate and support efforts to strengthen rehabilitation services in countries, highlighting the 

importance of strengthening the health system to provide rehabilitation at all levels of healthcare. 

Acknowledging the need to support governments efforts, the WHO has developed resources that 

support rehabilitation policy and planning, financing, workforce strengthening and integration of 

rehabilitation into health information systems, with other products planned. Rehabilitation 2030, 

launched in 2017, marks a new strategic approach for the global rehabilitation community by 
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emphasizing that: 1) Rehabilitation care should be available for the whole  population and through all 

stages of the life course; 2) Efforts to strengthen rehabilitation should be directed towards supporting 

the health system as a whole and integrating rehabilitation into all levels of healthcare;  3) 

Rehabilitation is an essential health service and crucial for achieving universal health coverage. The 

call for action articulates ten strategic steps for improving access to and impact of rehabilitation care 

for people living with stroke and other conditions across the globe.34, 218 

Overall, partnering with global and regional professional organizations and the WHO as well as 

government policy makers is essential in the dissemination and implementation of evidence-based 

interventions for stroke. Wider implementation of stroke quality programs which are ongoing will 

further scale up the expansion of stroke centres. Strong WSO Task Force on Stroke advocacy in 

conjunction with global and WHO organizations e.g., WHO Rehabilitation 2030 and Global 

Rehabilitation Alliance can help improve the situation by enhancing availability and affordability of 

personnel and relevant interventions, equipment, and assistive devices. Local production of 

appropriate assistive devices in LMICs may reduce the cost, create jobs, and improve affordability. 

Supplementary Tables 1-14 along with 13 Tables, 8 Figures and 6 Panels in the manuscript summarize 

the targets and estimated unmet needs for ensuring availability of stroke surveillance, prevention, 

acute care and multidisciplinary neuro-rehabilitation facilities and personnel in all countries by the 

year 2030, thereby making services accessible to all stroke patients worldwide. These estimates can 

be further improved in the future if we are able to determine the number and size of facilities required 

per 100,000 population and per 100 stroke survivors. 

Establishment of global, regional and national plans 

As stated in the Prevention and Acute Care sections of this manuscript, the WSO Task Force on Stroke 

will work with implementation partners including non-governmental organizations, national and 

regional stroke societies (where such societies do not exist, the WSO Task Force on Stroke will help 

establishing them) to co-create, co-implement and monitor application of pragmatic solutions to 

reduce the global burden of stroke. Global, regional, and national key performance indicators and 

targets will be co-created in conjunction with all policy makers within the WSO Task Force on Stroke 

ecosystem to improve stroke surveillance, prevention, acute care, and rehabilitation services. 

Implementation partners include the WHO (leveraging the WHO Rehabilitation 2030, WHO IGAP, and 

WHO NCD and WHO Brain Health Initiatives). Other implementation partners include but are not 

limited to NCD Alliance, Global Coalition for Circulatory Health, World Federation of Neurology, World 

Heart Federation, OneNeurology, Angels Initiative, Resolve to Save Lives (RTSL), and MT 2020. 

Regional and national Stroke Societies are crucial drivers in the ecosystem for domestication across 

world regions, e.g., European Stroke Organization (ESO) incorporating the Stroke Action Plan Europe 

(SAP-E), in cooperation with the Stroke Alliance for Europe (SAFE), African Stroke Organization (ASO), 

Middle East and North Africa Stroke Organization (MENASO), Asia Pacific Stroke Organization (APSO), 

Stroke Society of Australasia (SSA), Indian Stroke Association, International Stroke Recovery and 

Rehabilitation Alliance, (ISRRA), American Heart Association/American Stroke Association. An 

example of successful implementation of the action plan can be seen  in Bulgaria.224 

Innovative population-wide communication of solutions for maximum impact 

Beyond the publication of these key recommendations and evidence-based pragmatic interventions 

in The Lancet Neurology, itself an advocacy tool, strategic steps will be taken immediately by the WSO, 

commissioners, and implementation partners to spread the key messages of this Commission, through 
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innovative deployments via social media and other media platforms. Due to the wide availability of 

mobile phones including smartphones, even in LMICs, mobile health and tele-rehabilitation solutions 

including training videos and advocacy videos can be widely disseminated in various languages to 

enhance stroke rehabilitation care. Using multiple and interactive channels of choice to communicate 

and deploy solutions, all stakeholders (patients, populace, policy makers etc.) should be targeted. The 

implementation cycle (Figure 3)16 and the stroke control measures based on the behaviour change 

wheel approach (Supplementary Figure 5)15 should be implemented to inform, involve, collaborate 

with and empower all stakeholders.  

The pragmatic solutions should be packaged innovatively to suit the targeted audience – using digital 

solutions, social media, social marketing, applied theatre, life-course multi-sectoral approach, tele-

health, data science, precision public health, educational tools, success stories, and interactive 

websites. In the ‘Stroke Self-Management and Rehabilitation Trial,” carried out in India and Nigeria, 

the intervention group were provided with digital video discs that they took home with them on 

discharge from hospital showing that such self-management strategy is feasible with local and global 

support.225 A direct communication portal including a website as well as stroke-related printed 

materials were developed as part of the global stroke educational program FAST Heroes, that also 

includes principal learning strategies (e.g. spacing, repetition and pegging techniques). Furthermore, 

a study in Brazil showed that health promotion through social media and websites yielded positive 

results in advertising a stroke rehabilitation protocol.226 Health promotion interventions should be 

developed and tested to improve awareness and increase demand and consumption of stroke 

recognition, prevention, and rehabilitation services.227 The importance of the awareness of stroke, its 

risk factors, warning signs, adequate acute care, and rehabilitation is illustrated by a hypothetical 

clinical scenario in Panel 7. 

Through the WSO Task Force on Stroke commissioners and ecosystem we plan to:  (a) address key 

environmental factors via policy change – social determinants of health, making default choices 

healthy; (b) enhance stroke literacy through key community influencers who can deliver culturally 

tailored messages, using strategies such as social media (social media influencers with impact), the 

arts (music, comedy, film, TV); (c) address motivation, self-efficacy, self-management skills; and (d) 

empower the stroke commissioners and stroke support groups to be the champions and advocates 

ensuring rigorous implementation and evaluation across the globe. 

The WSO Task Force on Stroke commissioners, leveraging the WHO Global Action plan against NCDs,11, 

228 will operate at country, regional and global levels in collaboration with relevant implementation 

partners including national and regional neurology and stroke organizations such as the European 

Stroke Organization, Middle East & North Africa Stroke Organization, Asia Pacific Stroke Organization, 

American Stroke Association, African Stroke Organization,229, 230 Ibero-American Stroke Organization 

(SIECV/IASO). The Angels Initiative, Mission Thrombectomy 2020, WSO Task Force and RES-Q can work 

together to support the global implementation and qualification of stroke control services. 

Monitoring impact  

We recommend the collection and monitoring of international key quality indicators for all stroke 

services across the globe. For instance, for acute stroke care this will enable the quality monitoring of 

stroke centres, to plan actions for improvement and to compare different centres and countries. These 

measures are used in the main international registries such as RES-Q, SITS-QR and the main quality 

programs such as Get with the Guidelines, Joint Commission international, AHA/ASA Certification of 
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Stroke Centres, WSO Certification Program. For the certification programs the goal is to ensure 

continuous improvement in the measures. The better quality of acute stroke care can help to achieve 

the goals of SDG 3.4 to decrease the early mortality from non-communicable diseases across the 

globe. 

A key performance indicator (KPI) is a quantifiable measure of performance over time for a specific 

objective. These KPIs are the critical indicators of progress toward an intended result; they provide a 

focus for strategic and operational improvement, create an analytical basis for decision making and 

help focus attention on what matters most.  Managing with the use of KPIs includes setting targets 

(the desired level of performance) and tracking progress against that target. KPIs can be categorized 

into several different types: inputs and processes, outputs, and outcomes. The KPIs proposed in this 

section have been developed to measure performance of a healthcare system to provide 

rehabilitation for stroke; the performance of a healthcare system is related to its capacity to respond 

to population needs and rehabilitation needs of stroke survivors. Adherence to  service availability 

and quality KPIs is consistently associated with a lower risk of death or disability after stroke.231 Quality 

KPIs can be used to monitor the adherence to guidelines and support the transfer of evidence into 

everyday clinical practice.232, 233 Standardized core outcome measures for stroke rehabilitation, 

currently lacking in LMICs,234 are also needed for comparisons of effectiveness of interventions across 

settings. The global targets for neurological disorders for 2022-2031 were recently described in the 

WHO IGAP.34 

Overall, if all the recommendations of this Commission are implemented and monitored, the burden 

of stroke will be reduced drastically across the globe this decade and beyond. It will mitigate the 

clinical scenario presented in Panel 7. This will accelerate the attainment of SDG 3.4, and other SDGs, 

as well as improve brain health, and the overall wellbeing of the human race. 

 

PANEL 7. CLINICAL SCENARIO 

P, a 39-year-old Nigerian man was going about his duties on what he thought was a typical day in a 

biochemistry laboratory in the University College Hospital, Ibadan, when his colleague suddenly heard 

him repeatedly mutter to himself “It is well!” after which he staggered and tried to grab the wall trying 

to avoid a fall. His colleagues rushed him to the emergency section of the hospital, where he was 

diagnosed with a large ischaemic stroke affecting the left side of the brain. He was also noticed to 

have elevated blood pressure and serum lipid values. He was not aware that he had these conditions. 

He was managed conservatively due to the absence of acute reperfusion therapy. He was discharged 

home in a wheelchair with severe functional disability after 10 days of admission. He was unable to 

attend to basic activities of daily living without assistance and could neither communicate nor walk 

unassisted.  

P is recently married with a new baby, and the breadwinner of the family before stroke. The social and 

economic effect on his family meant there was pressure on him to return to participation in domestic, 

social, and work life. He had no access to health insurance. As the family income dwindled, he could 

not pay for private physiotherapy and nursing services, leading to joints contractures and decubitus 

ulcers complicating his functional impairment as the days progressed. He had no access to speech 

therapy. He was unable to keep his outpatient clinic appointments and his family considered 

traditional medicine. He developed post-stroke depression and needed support in this period as he 
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began to refuse medications. He subsequently had a fever, difficulty in breathing, and unilateral limb 

swelling about three months after discharge which meant he had to be rushed to the emergency room 

again. 

Lessons: While P clearly had an inadequate support system due to major gaps in the availability of 

adequate acute care and organization of post-stroke rehabilitation services in his locale, provision of 

educational materials to the patient or caregiver on self-management and simple rehabilitation tips 

would have gone a long way in avoiding some of the complications he suffered including decubitus 

ulcers, musculoskeletal contractures, limb clots, and finally, the hospital re-admission.  

Furthermore, community-based rehabilitation would have been useful as it is expected to be less 

financially demanding and improves access to health services. The use of a multidisciplinary team 

consisting of physicians, nurses, physiotherapists, occupational therapists, etc., in community-based 

settings should be considered. Even a telemedicine-based model should work in P’s case.  

The practical goal would have been teaching P how to attend to basic activities of daily living without 

assistance, to reintegrate him into family life and if possible, work, as this would reduce the burden 

on his wife and give his child a better opportunity to survive. Above all, the stroke could have been 

prevented if he was aware of his risk factors through lifestyle modifications, regular annual check-ups, 

and proper control of risk factors.  
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Figure 1: Manuscript stroke sections/topics interconnections  

This figure shows the interconnections and harmony among the seven sections of the manuscript depicting the four sections 

of the stroke quadrangle (surveillance, prevention, acute care and rehabilitation) as well as organization of supporting health 

systems and resources. 

 

1. Establishing a framework for regular monitoring and evaluation of stroke and its risk factors and health services at a 
national level via community-based surveys, data linkage and electronic health records (Burden [incidence, prevalence, 
mortality, DALY]; Trends; Determinants of diseases and disease outcome: causes/risk factors [genomic, environmental];  
(provide evidence for planning and designing interventions) 

2. Implementation of integrated population-wide strategies to reduce modifiable risk factors, such as hypertension and 
diabetes mellitus, with a range of approaches such as task-shifting and mobile technology [Primordial, Primary, 
Secondary]; (reduce incidence, mortality & prevalence) 

3. Effective planning of acute stroke care services, workforce training and capacity building, with monitoring of quality 
indicators nationally [Early and accurate diagnosis and presentation; Drug and non-drug treatment; Prognostication]; 
(reduce mortality)  

4. Promoting access to interdisciplinary care, training for caregivers, and capacity building of community health workers 
and other healthcare providers for stroke rehabilitation. (Improve DALYs, improve health-related Quality of Life)    

5. Global stroke burden estimates (including forecast) via Global Burden of Disease, Injury and Risk in 204 countries 
6. Health economic estimates of the current and projected cost of stroke 
7. Health system engineering, training, capacity building 
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Figure 2: Methodological workflow for deriving pragmatic solutions to reduce the global burden of 

stroke  

 

WHO – World Health Organization. GBD – Global Burden of Disease, Injury and Risk Factors Study. 
NCD – non-communicable diseases. RCTs – randomised controlled trials. KPI – key performance 
indicators. WSO – World Stroke Organization. 
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Figure 3: Ecosystem for the management, implementation and dissemination of tangible actions to 

reduce stroke burden in the world (interactive implementation cycle) 

 

Led by the WSO Task Force on Stroke, partners of the Commission will include the WHO, WHF, WFN, NCD Alliance, Global 
Circulatory Health, Ministries of Health, and national Stroke Support Organizations. Implementation partners include 
Ministries of Health. The World Bank and other funders/philantropists will be approached for funding and support. 
Performance indicators are to be developed and monitored using Theory of Change approach. Adapted versions of the global 
ecosystem can be developed as regional and national ecosystems to suit the respective implementation environments. WSO-
Lancet Neurology Commision on Stroke Commissioners  will be country ambassadors. Criteria for selection of commissioners 
are: 
 

1 Expertise Stroke medicine or related fields/sectors including neurology, neurosurgery, 
neurorehabilitation, speech therapy, physiotherapy, psychotherapy, health economics, food 
value chain, public health, health education, communication sector, legal, information 
technology, and education sector, etc. Relevance to stroke had to be justified. 

2 Keen Interest Track record in stroke-related work and personal statement articulating the potential 
commissioner’s skills, motivation, and action plan. 

3 Nomination Nomination by a member of the WSO Task Force on Stroke, WSO-Lancet Neurology Commission 
Steering Committee or nomination by the national stroke society, or self-nomination supported 
by a member of the WSO Task Force on Stroke, WSO-Lancet Neurology Commission Steering 
Committee in the relevant WHO world region. 
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Figure 4. Forecasts of stroke deaths (counts and age-standardized rates per 100,000 person-years (with 95% UI) globally by stroke pathological type 

(ischaemic stroke, intracerebral haemorrhage, subarachnoid haemorrhage, total strokes), GBD regions and World Bank country income level, 2020-2050 
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Figure 5. Forecasts of stroke DALYs (counts and age-standardized rates per 100,000 person-years (with 95% UI) globally by stroke pathological type 

(ischaemic stroke, intracerebral haemorrhage, subarachnoid haemorrhage, total strokes), GBD regions and World Bank country income level, 2020-2050 
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Figure 6. Heat map showing capacities for national surveillance of risk factors for stroke around the 

world. 
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Figure 7. Economic costs of stroke, by World Bank Regions, 2017 versus 2050 (billions of 2017 US$) 

 

 

 

 

Note: Estimated direct costs and income losses are based on the regional means of the ranges reported in Tables 

2 and 3.  
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Figure 8. Diagram of major strategies for stroke risk factors control at the population and individual 

levels showing overlap between various primordial, primary and secondary prevention strategies 
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Table 1: Forecasts of global stroke deaths and DALYs (counts and rates per 100,000 person-years, 

with 95% UI) by age group (total, under 60 years old, 60+ years old) and year (2020 and 2050) 

 

Outcome Year Age group Metric Counts/rates (95% UI) 

Deaths 2020 All ages Rates 

  

84.89 (77.14-91.57) 

2050 105.18 (87.28-125.75) 

2020 Age-standardized rates 83.00 (75.32-89.61) 

2050 54.31 (44.39-66.34) 

2020 Age-standardized rates 

in under 60 years old 

13.31 (12.10-14.47) 

2050 9.93 (7.16-13.65) 

2020 Age-standardized rates 

in 60+ years old 

565.65 (508.59-613.37) 

2050 361.69 (299.07-431.89) 

2020 All ages Counts 6.62 (6.02-7.14) 

2050 9.72 (8.07-11.62) 

2020 Under 60 years old 1.00 (0.91-1.09) 

2050 0.98 (0.71-1.34) 

2020 60+ years old 5.62 5.08-6.09) 

2050 8.75 (7.29-10.37) 

DALYs 2020 All ages Rates 
 

1856.63 (1716.88-2010.86) 

2050 2048.32 (1750.41-2432.64) 

2020 Age-standardized rates 1747.70 (1612.34-1892.47) 

2050 1229.16 (1029.90-1477.44) 

2020 Age-standardized rates 

in under 60 years old 

700.94 (638.28-767.75) 

2050 649.85 (511.34-825.96) 

2020 Age-standardized rates 

in 60+ years old 

9184.71 (8392.76-9959.58) 

2050 6795.05 (5890.94-7887.75) 

2020 All ages Counts 144.84 (133.94-156.88 

2050 189.36 (161.82-224.88) 

2020 Under 60 years old 47.24 (43.01-51.54) 

2050 46.40 (36.51-58.98) 

2020 60+ years old 97.61 (89.20-105.85) 

2050 142.95 (123.93-165.94) 
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Table 2: Forecasts of stroke deaths and DALYs (counts and rates per 100,000 person-years, with 95% UI) by age group (total, under 60 years old, 60+ years 

old), World Bank economic level (high-income countries, low- to middle-income countries) and year (2020 and 2050) 

 

HIGH INCOME COUNTRIES LOW- TO MIDDLE-INCOME COUNTRIES 

Year Age group Outcome Metric Mean (95% UI) Year Age group Outcome Metric Mean (95% UI) 

2020 All ages Deaths Rates 75.97 (64.96-83.79) 2020 All ages Deaths Rates 86.50 (78.04 -93.82) 

2050 73.80 (60.26-85.93) 2050 109.95 (90.71-132.50) 

2020 Age-standardized rates 33.65 (29.10-36.88) 2020 Age-standardized 

rates 

105.82 (95.25-115.00) 

2050 28.86 (15.71-22.24) 2050 64.00 (52.48-77.90) 

2020 Age-standardized rates 

in under 60 years old 

4.20 (3.92-4.48) 2020 Age-standardized 

rates in under 60 

years old 

15.37 (13.89-16.78) 

2050 3.15 (2.46-4.13) 2050 10.95 (7.88-15.15) 

2020 Age-standardized rates 

in 60+ years old 

237.65 (203.36-262.05) 2020 Age-standardized 

rates in 60+ years old 

732.10 (658.72-798.25) 

2050 127.68 (104.70-148.94) 2050 431.31 (358.28-514.82) 

2020 All ages Counts  0.92 (0.79-1.02) 2020 All ages Counts 5.70 (5.14-6.18) 

2050 0.91 (0.74-1.06) 2050 8.81 (7.27-10.61) 

2020 Under 60 years old 0.06 (0.05-0.06) 2020 Under 60 years old 0.94 (0.85-1.03) 

2050 0.04 (0.03-0.05) 2050 0.93 (0.67-1.29) 

2020 60+ years old 0.86 (0.73-0.95) 2020 60+ years old 4.76 (4.28-5.18) 

2050 0.87 (0.71-1.01) 2050 7.87 (6.53-9.37) 

2020 All ages DALYs  Rates 1316.64 (1181.93-1435.60) 2020 All ages DALYs 

 

Rates 1954.66 (1798.69-2120.66) 

2050 1260.12 (1075.75-1438.24) 2050 2168.44 (1832.77-2593.39) 

2020 Age-standardized rates 699.00 (629.87-761.14) 2020 Age-standardized 

rates 

2131.91 (1964.62-2315.49) 

2050 488.27 (415.02-570.08) 2050 1391.95 (1161.26-1678.44) 

2020 Age-standardized rates 

in under 60 years old 

248.23 (224.59-275.23) 2020 Age-standardized 

rates in under 60 

years old 

754.92 (684.66-824.59) 

2050 200.28 (166.50-245.64) 2050 533.28 (414.75-682.72) 
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2020 Age-standardized rates 

in 60+ years old 3820.45 (3413.56-4172.29) 

2020 Age-standardized 

rates in 60+ years old 

11896.98 (10830.18-

12957.13) 

2050 2482.53 (2125.54-2827.26) 2050 7337.88 (6301.95-8588.15) 

2020 All ages Counts  15.95 (14.32-17.39) 2020 All ages Counts  128.81 (118.53-139.75) 

2050 15.56 (13.28-17.76) 2050 173.68 (146.80-207.72) 

2020 Under 60 years old 3.22 (2.93-3.55) 2020 Under 60 years old 43.98 (39.89-48.04) 

2050 2.43 (2.04-2.97) 2050 43.93 (34.29-56.03) 

2020 60+ years old 12.74 (11.27-13.95) 2020 60+ years old 84.83 (77.36-92.39) 

2050 13.12 (11.18-14.84) 2050 129.75 (111.89-151.42) 
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Table 3: Forecasts of stroke related deaths (counts and rates per 100,000 person-years, with 95% UI) by age group (total, under 60 years old, 60+ years 

old), GBD super-regions and year (2020 and 2050) 

 

GBD super-region Metric Year All ages Age-Standardized (AS) Mean 

(95% UI) 

Under 60 years old 60+ years old 

Mean (95% UI) Mean (95% UI)  

(Rates reported as AS) 

Mean (95% UI)                 

(Rates reported as AS) 

Southeast Asia, 

East Asia, and 

Oceania 

Counts  2020 3.06 (2.62-3.46)  0.44 (0.38-0.50) 2.62 (2.23-2.96) 

2050 4.94 (4.09-5.90) 0.30 (0.22-0.37) 4.65 (3.83-5.51) 

Rates  2020 141.27 (121.11-159.81) 127.68 (108.49-144.44) 16.85 (14.51-19.24) 895.16 (761.93-1014.07) 

2050 232.25 (192.44-277.01) 82.54 (68.37-98.42) 12.39 (9.35-15.59) 568.34 (467.50-677.61) 

Central Europe, 

Eastern Europe, 

and Central Asia 

Counts  2020 0.75 (0.68-0.83)  0.07 (0.07-0.08) 0.68 (0.61-0.75) 

2050 0.66 (0.56-0.77) 0.04 (0.03-0.07) 0.61 (0.52-0.71) 

Rates 2020 180.57 (162.50-198.46) 119.26 (107.35-131.04) 15.71 (13.89-17.55) 836.25 (751.08-917.84) 

2050 164.32 (140.17-192.41) 62.53 (51.83-75.21) 10.98 (6.89-16.45) 419.53 (357.46-492.06) 

High-income 

regions 

Counts  2020 0.81 (0.69-0.91)  0.05 (0.04-0.05) 0.77 (0.64-0.86) 

2050 0.78 (0.64-0.86) 0.03 (0.03-0.04) 0.75 (0.61-0.86) 

Rates 2020 74.69 (63.41-83.43) 31.49 (27.14-34.92) 3.66 (3.45-3.93) 224.15 (190.90-250.25) 

2050 69.50 (56.73-80.64) 17.21 (14.17-20.20) 2.80 (2.18-3.61) 116.96 (96.01-136.27) 

Latin America and 

Caribbean 

 

Counts  2020 0.29 (0.25-0.32)  0.05 (0.05-0.07) 0.23 (0.20-0.26) 

2050 0.42 (0.32-0.55) 0.05 (0.03-0.08) 0.37 (0.28-0.48) 

Rates 2020 48.58 (43.00-53.88) 49.61 (43.68-54.98) 9.07 (8.07-10.24) 330.39 (285.51-367.33) 
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2050 61.80 (46.78-80.77) 29.26 (21.48-39.93) 6.49 (4.08-10.31) 186.95 (140.68-246.18) 

North Africa and 

Middle East 

 

Counts  2020 0.32 (0.28-0.36)  0.07 (0.06-0.08) 0.25 (0.22-0.28) 

2050 0.57 (0.43-0.80) 0.08 (0.05-0.12) 0.50 (0.38-0.67) 

Rates 2020 51.42 (45.70-57.70) 86.57 (77.13-96.40) 12.94 (10.83-15.52) 596.41 (531.95-660.90) 

2050 71.37 (52.93-98.35) 48.23 (36.12-65.80) 9.34 (6.05-14.37) 317.51 (243.27-418.31) 

Sub-Saharan Africa 

 

Counts  2020 0.41 (0.36-0.46)  0.11 (0.09-0.13) 0.30 (0.26-0.33) 

2050 0.78 (0.64-0.94) 0.18 (0.13-0.26) 0.60 (0.50-0.69) 

Rates 2020 36.80 (32.30-41.65) 105.19 (92.64-118.00) 17.20 (14.15-20.43) 714.50 (625.28-798.08) 

2050 38.62 (31.51-46.47) 63.06 (52.63-73.21) 11.07 (8.01-15.37) 423.04 (357.14-484.48) 

South Asia 

 

Counts  2020 0.99 (0.85-1.15)  0.21 (0.18-0.25) 0.78 (0.67-0.90) 

2050 1.56 (1.18-2.04) 0.29 (0.19-0.44) 1.27 (0.97-1.62) 

Rates 2020 54.30 (46.78-63.19) 78.65 (67.53-91.29) 14.49 (12.34-17.01) 522.96 (447.36-605.91) 

2050 75.24 (56.80-98.17) 46.82 (35.04-61.58) 11.14 (7.30-17.00) 293.92 (222.43-374.88) 
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Table 4: Forecasts of stroke related DALYs (counts and rates per 100,000 person-years, with 95% UI) by age group (total, under 60 years old, 60+ years 

old), GBD super-regions and year (2020 and 2050) 

 

GBD super-

region 

Metric Year All ages Age-Standardized (AS) rates 

(95% UI) 

Under 60 years old 60+ years old 

Counts/rates (95% UI) Mean (95% UI) 

(Rates reported as AS) 

Mean (95% UI) 

(Rates reported as AS) 

Southeast Asia, 

East Asia, and 

Oceania 

Counts  2020 67.10 (58.43-75.85)  20.14 (17.56-22.99) 46.95 (40.65-53.10) 

2050 87.98 (74.61-103.26) 13.93 (11.08-17.13) 74.06 (62.82-86.76) 

Rates  2020 3098.72 (2698.22-3503.00) 2531.07 (2210.74-2852.43) 800.34 (695.10-911.04) 14515.87 (12576.37-16386.97) 

2050 4133.29 (3505.36-4851.04) 1760.79 (1481.49-2070.58) 616.17 (486.88-760.68) 9686.91 (8255.21-11348.06) 

Central Europe, 

Eastern Europe, 

and Central Asia 

Counts  2020 14.27 (12.85-15.64)  3.35 (2.98-3.76) 10.92 (9.86-11.94) 

2050 11.35 (9.72-13.10) 2.15 (1.59-2.86) 9.20 (8.09-10.40) 

Rates 2020 3415.23 (3075.35-3742.91) 2292.02 (2064.62-2511.35) 739.83 (655.81-829.48) 13040.44 (11771.67-14273.44) 

2050 2844.59 (2435.30-3283.44) 1384.40 (1148.25-1660.84) 548.22 (401.81-739.17) 7174.71 (6260.53-8178.47) 

High-income 

regions 

Counts  2020 13.72 (12.28-14.96)  2.54 (2.30-2.83) 11.17 (9.89-12.27) 

2050 12.89 (10.93-14.57) 1.99 (1.67-2.41) 10.89 (9.31-12.32) 

Rates 2020 1261.84 (1129.63-1375.59) 644.58 (578.00-706.37) 220.88 (199.20-247.14) 3578.56 (3178.25-3923.08) 

2050 1150.90 (976.25-1300.84) 440.32 (375.18-507.88) 181.82 (150.95-222.68) 2230.38 (1893.56-2519.85) 

Latin America 

and Caribbean 

Counts  2020 6.29 (5.69-6.96)  2.40 (2.13-2.69) 3.89 (3.49-4.32) 

2050 8.05 (6.47-10.20) 2.26 (1.66-3.20) 5.79 (4.71-7.09) 
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 Rates 2020 1069.91 (951.33-1166.16) 1053.01 (951.34-1166.16) 432.15 (383.19-484.38) 5352.31 (4787.79-5951.93) 

2050 1193.46 (958.46-1511.55) 687.61 (539.05-900.33) 319.56 (231.30-460.02) 3236.32 (2639.65-4016.78) 

North Africa and 

Middle East 

 

Counts  2020 8.10 (7.15-9.10)  3.60 (3.03-4.23) 4.50 (4.02-4.93) 

2050 13.42 (10.51-17.50) 4.11 (2.95-5.78) 9.31 (7.45-11.96) 

Rates 2020 1313.40 (1159.24-1476.81) 1807.75 (1596.44-2017.88) 666.19 (561.98-781.43) 9712.70 (8694.54-10725.79) 

2050 1653.14 (1294.32-2154.86) 1154.33 (895.49-1521.04) 501.50 (358.19-710.24) 5674.98 (4573.65-7234.60) 

Sub-Saharan 

Africa 

 

Counts  2020 11.04 (9.57-12.59)  5.39 (4.56-6.33) 5.64 (4.99-6.31) 

2050 20.51 (16.89-24.98) 9.07 (6.90-12.08) 11.43 (9.86-13.04) 

Rates 2020 998.46 (865.76-1138.49) 2187.52 (1927.11-2473.86) 788.34 (666.08-924.39) 11876.43 (10522.85-13271.60) 

2050 1009.79 (831.57-1229.82) 1367.36 (1151.33-1606.96) 533.78 (407.41-709.48) 6576.47 (5670.19-7498.59) 

South Asia 

 

Counts  2020 24.33 (21.40-28.18)  9.80 (8.50-11.43) 14.53 (12.65-16.89) 

2050 35.16 (27.82-45.23) 12.89 (9.50-17.72) 22.26 (17.97-27.69) 

Rates 2020 1336.09 (1174.54-1547.30) 1674.76 (1467.14-1945.97) 649.37 (562.23-758.80) 8775.28 (7640.72-10189.38) 

2050 1690.59 (1338.26-2175.00) 1100.40 (865.51-14.25.27) 515.61 (379.82-711.18) 5149.84 (4149.83-6403.86) 
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Table 5:  Global forecasts of stroke related deaths and DALYs (counts and age-standardized rates per 100,000 person-years, with 95% UI) by stroke type 

(IS – ischaemic stroke, ICH – intracerebral haemorrhage, SAH – subarachnoid haemorrhage), age group (total, under 60 years old, 60+ years old), and year 

(2020 and 2050) 

 

Type 

of 

stroke 

Year Metric Projected estimates of deaths: Mean (95% UI) Projected estimates of DALYs: Mean (95% UI) 

Under 60 years  60+ years  Total Under 60 years  60+ years  Total 

IS 2020 Counts  0.18 (0.16-0.21) 3.12 (2.81-3.38) 3.31 (2.98-3.58) 11.42 (9.81-13.09) 52.70 (47.57-57.67) 64.11 (57.47-70.40) 

2050 0.11 (0.08-0.17) 3.87 (3.21-4.60) 4.00 (3.29-4.75) 9.42 (7.33-11.81) 66.91 (56.56-78.28) 76.33 (64.25-89.78) 

2020 Age-

standardized 

rates 

2.45 (2.17-2.74) 

320.77 (286.71-

347.95) 

42.62 (38.23-

46.20) 

153.88 (132.32-

176.66) 

5170.52 (4665.88-

5662.86) 

786.92 (706.13-

864.10) 

2050 

1.16 (0.77-1.72) 

154.46 (127.28-

184.80) 

20.50 (16.81-

24.68) 

101.42 (78.77-

127.76) 

2881.74 (2423.50-

3389.98) 

452.26 (376.72-

535.54) 

ICH 2020 Counts  0.68 (0.61-0.74) 2.25 (2.01-2.45) 2.93 (2.65-3.19) 29.25 (26.41-31.99) 40.15 (36.52-43.54) 69.40 (63.54-75.35) 

2050 0.70 (0.56-0.89) 4.39 (3.82-4.95) 5.10 (4.42-5.78) 29.57 (23.32-37.67) 67.32 (58.24-77.27) 96.90 (82.66-113.95) 

2020 Age-

standardized 

rates 

10.08 (9.06-

10.97) 

212.06 (189.37-

230.59) 

35.75 (32.20-

38.85) 

393.75 (355.16-

430.37) 

3811.23 (3462.76-

4133.93) 

824.99 (756.20-

895.45) 

2050 

9.86 (7.78-12.53) 

208.80 (181.83-

235.46) 

29.78 (35.70-

34.29) 

308.55 (241.47-

397.86) 

3063.13 (2636.05-

3545.24) 

656.14 (551.13-

778.87) 

SAH 2020 Counts  0.13 (0.11-0.16) 0.25 (0.21-0.27) 0.38 (0.33-0.42) 6.57 (5.66-7.78) 4.76 (4.20-5.26) 11.33 (9.96-12.78) 

2050 0.16 (0.10-0.23) 0.49 (0.35-0.68) 0.65 (0.47-0.89) 7.41 (4.69-10.86) 8.71 (6.18-12.03) 16.12 (11.19-22.66) 

2020 

1.81 (1.55-2.17) 24.16 (20.90-26.72) 4.63 (4.07-5.15) 90.00 (77.50-106.87) 

452.89 (400.11-

499.95) 

135.79 (119.63-

153.19) 
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2050 Age-

standardized 

rates 1.63 (1.03-2.46) 21.15 (15.03-29.17) 4.09 (2.87-5.68) 80.32 (50.56-118.35) 

400.71 (280.68-

555.91) 

120.75 (81.48-

172.88) 
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Table 6: Direct costs and income losses due to stroke in 2017 and 2050 (in billions 2017 US$) 

World Bank country classification by 

income level 

2017 (Low) 2017 (High) 2050 (Low) 2050 (High) 

High-Income countries 417.0 597.6 436.6-655.9 578.3-997.0 

Upper Middle-Income countries 279.1 410.0 273.5-743.6 334.2-1,026.4 

Lower Middle-Income countries 48.3 64.8 159.5-200.4 170.4-252.5 

Low Income countries 2.6 4.9 11.2-22.0 13.5-34.1 

Global Total 745.9 1,077.2 880.8-1,621.9 1,096.4-2,310.0 

Note: Direct costs are due to incident stroke cases and deaths in 2017 and 2050 and are calculated using the methodology 

described elsewhere.5 2017 estimates comprise the low- and high-scenario estimates5 in Table 4 of the Supplementary 

Appendix. Low estimates for 2050 assume that costs of treatment and rehabilitation grow at 1% above non-medical inflation, 

with the range reflecting the high- and low-cost estimates for acute and post-acute care as in Table 3 of the Supplementary 

Appendix in Owolabi et al.5 High estimates for 2050 assume that costs of treatment and rehabilitation grow at 3% above 

non-medical inflation, with the range reflecting the high- and low-cost estimates for acute and post-acute care as in Table 3 

of the Supplementary Appendix in Owolabi et al.5   
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Table 7: Key recommendations for improving stroke surveillance  

 

Key 

recommendations 

Source Resources 

required  

implications /Barriers/Facilitators, for LMICs  Recommendation for contextualization and 

implementation through WSO Task Force on Stroke 

Countries should 

have a nationwide 

and representative 

system for 

monitoring stroke. 

WHO – Global 

Action Plan on 

Epilepsy and other 

Neurological 

Disorders, target 

4.1 

Expertise in 

epidemiology, 

data 

management and 

statistics to 

support ongoing 

monitoring of 

stroke.235 

Major barriers include lack of: 

a) infrastructure to support a monitoring program 

b) expertise to develop an efficient program 

c) capacity to analyse the data collected and 

produce quality statistics 

d) community engagement and feedback of data to 

enhance demand and accountability; and  

e) use of data to drive decision-making. 

f) need for standardized and validated indicators of 

stroke burden from linked datasets 

WSO Task Force on Stroke commissioners to develop, 

implement and monitor strategic action plan with all 

stakeholders to ensure availability of a high-quality 

monitoring of stroke in their countries and regions. 

This should include a stepped approach that highlights 

the elements required for minimum (hospitalized 

events), essential and advanced monitoring, i.e. 

incorporating the WHO stepwise approach, or similar. 

Countries should 

have a nationwide 

monitoring program 

of risk factors for 

stroke.  

WHO - Global 

Action Plan on 

Epilepsy and other 

Neurological 

Disorders, strategic 

objective 3, 

proposed action 

88b; NCD-GAP; 

2030 Agenda 

Expertise in 

epidemiology, 

data 

management and 

statistics to 

support a regular 

cycle of national 

surveys and 

analysis.235  

Major barriers include lack of: 

a) Infrastructure to support a surveillance program. 

b) expertise to develop an efficient program 

c) capacity to analyse the data collected and 

produce quality statistics. 

d) community engagement and feedback of data to 

enhance demand and accountability; and  

e) use of data to drive decision-making. 

WSO Task Force on Stroke commissioners to develop, 

implement and monitor strategic action plan with all 

stakeholders to ensure availability of a high-quality 

surveillance system in their countries and regions. This 

should include a stepped approach that highlights the 

elements required for minimum, essential and 

advanced surveillance, i.e. incorporating the WHO 

stepwise approach, or similar. 

Countries should 

have an electronic 

recording and 

reporting system for 

health care. 

WHO – Global 

Strategy on Digital 

Health 2020-25; 

Global Action Plan 

on Epilepsy and 

other Neurological 

Expertise in 

development and 

maintenance of 

secure online 

data to support 

rapid and simple 

Major barriers include lack of: 

a) infrastructure to support an electronic data 

system 

b) expertise to develop and maintain a secure 

record-keeping system  

WSO Task Force on Stroke commissioners to develop, 

implement and monitor strategic action plan with all 

stakeholders to ensure availability of a secure data 

record system in their countries and regions. This could 

include the employment of Community Health 

Workers to register people in the community; this 

https://www.who.int/ncds/surveillance/steps/Manual.pdf
https://www.who.int/ncds/surveillance/steps/STEPS_Manual.pdf
https://www.who.int/ncds/surveillance/steps/STEPS_Manual.pdf
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Disorders, strategic 

objective 4.2 Data 

and information 

systems 

input of patient-

relevant data. 

c) expertise to link data to other collection systems, 

e.g., death records, to enable assessment of 

outcomes; and 

d) need for expertise in clinical coding including use 

of WHO ICD system 

e) develop tools to increase quality and coverage of 

mortality data including verbal autopsy 

 

would include a capacity-building component to train 

them in use of technology, transport to enable 

collection of information, and appropriate 

remuneration. 

Countries should 

establish national 

stroke organizations  

to guide and 

advocate for 

surveillance of stroke 

including burden, 

management, and 

outcomes 

WHO – Global 

Strategy on Digital 

Health 2020-25; 

Global Action Plan 

on Epilepsy and 

other Neurological 

Disorders, global 

targets 1.1 and 1.2  

Expertise in 

governance, co-

design, 

interdisciplinary 

ways of working, 

consumer, and 

government 

engagement 

Major barriers include lack of: 

a) resources including cash and in-kind time to 

establish national networks of researchers and 

clinicians 

b) funding to prepare national policy documents 

including stakeholder engagement; and 

c) need for mentoring for leaders of new 

organizations 

 

WSO Task Force on Stroke commissioners to develop 

national stroke organizations including mentoring and 

capacity building for health professionals and 

clinicians. This should include mechanisms to report to 

governments to enact meaningful and sustainable 

change. 
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Table 8: Key recommendations for healthcare providers and governments to improve primordial, primary and secondary stroke prevention 

 

Key recommendations 

 

Source Level of evidence/ 

GRADE236 

Resources 

required for 

implementation 

Political, legal, ethical, sociocultural 

and economic considerations for 

barriers and facilitators  

Recommendation for 

implementation through WSO 

Task Force on Stroke  

Countries should have government endorsed policies for 

community-wide stroke prevention.  

UN/WHO237 Action 

plan for stroke in 

Europe,44 AHA 

Guide for improving 

cardiovascular 

health at the 

community level238 

Level B evidence 

that tobacco,235, 239, 

240 salt241, 242 and 

alcohol9–13243-247 

taxation is an 

effective strategy to 

improve health.  

Level A evidence for 

population-wide 

primary stroke and 

other NCD 

prevention14–16248-

250  

Expertise in 

stroke and CVD 

epidemiology and 

public health  

Major barriers: Industry lobbying (e.g., 

for reducing salt content in processed 

food, reducing consumption of sugary 

drinks, alcohol) as well as lack of: 

a) expertise to develop an efficient 

action plan 

b) community support for 

introducing taxation on salt, 

sugary drinks, alcohol, tobacco 

products 

c) government and health policy 

engagement; and  

d) public resources for accessible and 

affordable healthy food outlets, 

physical activity facilities, healthy 

ecological environment 

 

WSO Task Force on Stroke 

commissioners to develop 

legislative changes for reducing salt 

content in processed food, 

reducing consumption of sugary 

drinks, alcohol, including 

development of policies for 

community-wide stroke prevention 

activities, monitoring effectiveness 

of these activities, and workforce 

development. Reinvestment of 

taxation revenue into primary 

(including the development of 

accessible and affordable healthy 

food outlets, physical activity 

facilities, reducing air pollution) 

and secondary prevention, health 

service development and health 

research. 

Countries should have ongoing stroke awareness and prevention 

campaigns and interventions. The main risk factors to be targeted 

for primary stroke prevention are: elevated blood pressure 

(120/80), low physical activity (<2½ hours a week of moderate to 

vigorous exercise), poor unbalanced diet (e.g. less than 6 servings a 

day of fruits or vegetables), excessive  sodium (>2 g/day; equivalent 

to 5 g/salt/day) intake, overweight (BMI 25 or waist-to-hip ratio 

WSO,78 WHO256, 

Action plan for 

stroke in Europe,44 

Gramado 

Declaration141 

 

Level B evidence.248-

250 WHO ‘One 

Health’ initiative256  

Level A evidence for 

risk factors control 

for stroke 

Expertise in 

development and 

maintenance of 

awareness 

campaigns; 

electronic patient 

Major barriers include lack of: 

f) engagement of stakeholders 

(patients, populace, providers, 

and policy makers) 

g) collaboration between multiple 

sectors of society (e.g., 

WSO Task Force on Stroke 

commissioners to develop 

strategies and action plans for 

ongoing stroke awareness and 

primary prevention, with a strong 

emphasis in LMICs on early 

detection and management of 
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0.8 for women and 0.9 for men), tobacco use, cardiac causes 

(coronary heart disease, atrial fibrillation (AF), valve disease, heart 

failure), dyslipidaemia (total cholesterol 5 mmol/L or 200 mg/dL; 

LDL-C 4 mmol/L or 150 mg/dL; HDL-C <1 mmol/L or <40 mg/dL; 

triglycerides >1.7 mmol/L or 150/mg/dL), persistent stress or 

depression, alcohol consumption (>1 standard drink a day), and 

diabetes mellitus. Primary stroke prevention is cost-effective: 

investing US$1.27 per person per year in LMICs until 2030 can save 

an estimated 8.2 million lives and yield a return on investment of at 

least US$7.251, 252 Non-pharmacological and motivational cognitive-

behavioral interventions are recommended for lifestyle risk 

management. For example, regular physical activity before the index 

event was found to be associated with reduced risk of poor 

functional outcome after stroke (OR 0·52, 95% CI 0·42–0·66; 

p<0·0001).  

For primary stroke and CVD prevention, polypill containing generic 

BP-lowering medications and statin can be recommended in adults 

at intermediate (10-20% 10-year Framingham Risk Score) or greater 

CVD risk,81 and no contraindications to the medications. Individuals 

aged 40-75 years with isolated hypercholesterolaemia of LDL-C 4.9 

mmol/L (190 mg/dL) should receive high-intensity statin therapy 

without calculating CVD risk. Individuals of that age group with LDL-

C levels ≥70 mg/dL to 189 mg/dL (≥1.8-4.9 mmol/L) should receive 

statin therapy if their 10-year CVD risk is 7.5-19.9% (if a decision 

about statin therapy is uncertain, a clinician should consider 

measuring coronary artery calcium).253 Aspirin should not be 

routinely used for primary stroke prevention, but is recommended 

for secondary stroke prevention after TIA or ischaemic stroke. 

Pharmacological treatment of elevated blood pressure for primary 

stroke prevention should be initiated in (a) people with SBP 140 

mmHg or DBP 90 mmHg, or (b) people with existing CVD and SBP 

130-139 mmHg, or (c) people with SBP 130-139 mmHg but without 

CVD who are at high CVD risk (10-year Framingham Risk Score 

>20%), diabetes mellitus, or chronic kidney disease.254 The use of 

AHA stroke primary 

and secondary 

prevention 

guidelines,65, 101, 257 

WHO Guidelines,254 

INTERSTROKE 

Study,18 GBD 

Study,258 

Framingham 

Study,259, 260 White 

Paper for 

Circulatory 

Health,261  

 European 

Guidelines on CVD 

prevention.262 

prevention24,29,3065, 

257, 263 

Level A evidence for 

use of polypill81, 264, 

265 for BP and 

cholesterol 

reduction.23, 65, 253 

Level A evidence for 

use of antiplatelet 

therapy, oral 

anticoagulation, 

blood pressure and 

lipid lowering 

therapy, and 

carotid 

revascularization 

for secondary 

stroke 

prevention.103, 253, 

266-277 

Level of evidence 

for lifestyle 

modifications for 

secondary stroke 

prevention: 

smoking cessation  

and healthy 

balanced diet 

(B),278-280 limited 

alcohol 

consumption and 

sodium intake, 

regular physical 

activity, normal BMI 

management 

systems. 

government, public health, 

research/education) 

 

elevated BP, and on reduction of 

exposure to air pollution. They 

should develop a plan for 

prioritization of multisectoral and 

cost-effective accessible and 

affordable interventions, including 

Implementation of and digital 

technologies for promoting healthy 

lifestyle94, 283-285 and primary 

/secondary stroke prevention.28,61–

655, 84, 94, 100, 118, 141, 286, 287 For 

example, population-wide 

strategies recently recommended 

for implementation for stroke 

prevention in all Latin American 

countries (e.g. the free Stroke 

Riskometer app),141 should be one 

of the priorities for funders and 

policy makers.141, 286 A sustained 

TV-led FAST education campaign 

led to significant improvement of 

stroke awareness and timely 

hospital admissions in the UK.288 

There is evidence that multidomain 

lifestyle intervention is effective for 

primary and secondary stroke 

prevention.289 Legislative changes 

in South Africa led to the reduction 

of salt consumption.290 Evidence-

based digital tools (e.g. the 

PreventS-MD webapp)84, 100 and 

most recent ASA/AHA guidelines 

for secondary stroke prevention 

recommend them in patients with 

stroke and TIA65, 287, 291 for use and 
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BP-lowering medications for secondary stroke prevention in people 

with clinical CVD should be initiated with BP 130/80 mmHg.23, 65 

Most individuals with SBP ≥140 or DBP ≥90 mmHg are high risk and 

indicated for pharmacological treatment; they do not require CVD 

risk assessment prior to initiating treatment. 

Secondary stroke prevention interventions have been shown to be 

cost-effective.255 For secondary stroke prevention, control of 

hypertension, blood glucose, and lipids (regardless of their level) as 

well as timely diagnostic evaluation are effective.65 For those 

requiring pharmacological therapy, the target blood pressure should 

generally be <130/80 mm Hg.23, 65, 101  

(C),31,54,5518, 280, 281 

and salt substitute 

(A).282  

adaptation for local conditions, 

when required. 

 

Countries should have a nationwide and representative system for 

measuring and monitoring effects of primary and secondary stroke 

prevention activities (for more details see surveillance section). This 

should include a stepped approach that highlights the elements 

required for minimum (hospitalized events), essential and advanced 

monitoring, i.e. incorporating the WHO stepwise approach111 or 

similar.37, 47, 112 

In patients with nonvalvular AF (including paroxysmal) or atrial 

flutter and stroke or TIA, oral anticoagulation is recommended.65  

Ischaemic stroke patients with severe stenosis ipsilateral to a 

nondisabling stroke or TIA who are candidates for intervention 

should have the stenosis fixed, likely relatively early after their 

ischemic stroke.65 The choice between carotid endarterectomy and 

carotid artery stenting should be driven by specific patient 

comorbidities and features of their vascular anatomy.65 Large health 

service providers should have outpatient Stroke Clinics to facilitate 

GPs in better management of post-discharge stroke/TIA patients. In 

LMICs with high rate of rheumatic heart disease Oral 

Anticoagulation Clinics are also recommended. 

WHO STEPs,111 

Action plan for 

stroke in Europe44 

 

 

 

 

Level B evidence 

 

Expertise in 

epidemiology, 

data management 

and statistics to 

support ongoing 

monitoring of 

stroke.  

Major barriers include lack of: 

g) infrastructure to support a 

monitoring program 

h) expertise to develop an efficient 

program 

i) capacity to analyse the data 

collected and produce quality 

statistics  

j) use of data to drive decision-

making. 

WSO Task Force on Stroke 

commissioners to develop, 

implement and monitor reliable, 

simple, and fit-for-purpose 

strategic action plan with all 

stakeholders to ensure availability 

of a reliable monitoring of stroke 

and risk factors standardized 

surveillance systems in their 

countries and regions.  
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Table 9: Identified problems with and suggested strategies for policy makers to achieve sustainable and appropriate primary and seco ndary stroke 

prevention  

 
Problems Goals Targets Recommendations/Actions Assessment methods 

Lack of funding for primary 

stroke prevention across all 

countries, particularly in 

LMICs 

To provide sufficient 

funding for primary and 

secondary stroke 

prevention  

Governments and 

politicians 

Encourage all governments and politicians to re-invest revenues from taxation on unhealthy 

products (e.g., tobacco, sugary drinks, alcohol, salt in processed food, reduced consumption) 

back to health services and preventative strategies 

All healthcare policy makers should be aware that for every US$1 spent on prevention of stroke 

and CVD there are over US$10 returns on investment 

Proportion of funding allocated to 

primary and secondary stroke 

prevention  

Few countries or regions 

have established action 

plans for stroke prevention. 

Low level of secondary 

prevention activities, 

especially in LMICs and 

activities related to 

education about stroke and 

lifestyle management for 

stroke patients and their 

families, stroke/TIA clinics 

and guidelines utilization 

To establish country-

specific action plans 

and stroke prevention 

guidelines for every 

country in the world 

The whole 

population for 

population-wide 

prevention 

strategies and 

individuals at any 

level of risk for 

individual 

prevention 

strategies 

All governments should allocate sufficient funding for the development and implementation of 

primary stroke prevention strategies 

All countries should have financially sustainable action plans for primary and secondary stroke 

prevention 

All countries should have culturally appropriate guidelines for primary and secondary stroke 

prevention 

Adults are encouraged to use the freely available and validated mobile apps for managing their 

risk factors (e.g., the WSO recommended free Stroke Riskometer app) 

Upskilling of health staff, including doctors, nurses, and other support staff, in the primary and 

secondary prevention of stroke, including providing advice on lifestyle changes and adherence 

to medications 

Transferring tasks of primary stroke prevention from highly trained health professionals to 

healthcare workers with less training, qualifications, and education should be encouraged 

Culturally appropriate education about healthy lifestyles should be incorporated into standard 

education curricula and started early in life, with reinforcement across the lifespan 

Service providers should ensure adequate health services for people with acute 

cerebrovascular diseases to reduce the risk of recurrent stroke, including multidisciplinary 

acute stroke units, outpatient stroke/TIA clinics and routinely available education about stroke 

and lifestyle management for stroke patients and their families, ongoing stroke and risk factors 

Stroke incidence, mortality, and 

disability 

Prevalence of risk factors 

5 or 10-year risk of CVD and/or 

stroke 

Availability of stroke/TIA and stroke 

prevention clinics and proportion of 

people at risk of stroke and people 

who have experienced a stroke or TIA 

managed in such clinics  

Proportion of evidence-based 

decisions in stroke prevention   
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awareness campaigns, and availability of valid digital secondary stroke prevention tools for 

clinicians 

Lack of integrative 

approach and digital tools 

for primary and secondary 

stroke prevention 

interventions, particularly 

in LMICs 

To establish 

collaboration between 

different national and 

international agencies 

and organizations 

involved in primary and 

secondary prevention 

of NCDs  

National and 

international 

agencies and 

organizations  

Include nationally and internationally recognized stroke experts in all relevant national and 

international agencies and organizations involved in primary and secondary prevention of NCDs 

Priority in the primary stroke prevention strategies should be given to the reduction of 

exposure to CVD risk factors of the whole population across the life course, with the focus on 

behavioural and lifestyle risk factors, thus allowing an integrative approach that also targets 

other major NCDs, such as dementia, diabetes, cancer, and pulmonary diseases. Absolute CVD 

risk treatment thresholds should not be the sole criteria for selecting individuals for 

pharmacological management of elevated blood pressure and lipids. Categorization of people 

into low, moderate (mild) and high absolute CVD risk (including use of risk-stratified heat maps) 

when communicating risk should be abandoned, and individual primary stroke and CVD 

prevention interventions should include all people at increased risk of stroke and CVD 

regardless of the level of the increased risk. 

All countries should be encouraged to adapt validated, affordable, and culturally appropriate 

digital tools for secondary stroke prevention. 

Representation of stroke experts in 

all relevant national and international 

agencies and organizations involved 

in primary prevention of NCDs 

 

Low stroke awareness 

across all countries 

To establish national 

ongoing stroke 

awareness campaigns 

about stroke, its 

warning signs and 

prevention 

The whole 

population 

All national and regional stroke organizations should conduct ongoing stroke awareness 

campaigns about stroke, its warning signs and prevention, coordinated by the World Stroke 

Organization. Regular TV programmes are the preferred channel of media for such campaigns  

Stroke awareness surveys 

Lack of monitoring systems 

for evaluation of the 

effectiveness of 

preventative strategies 

To establish national 

and subnational (for 

large countries) 

monitoring frameworks  

Whole population 

and people at risk 

of stroke 

All countries should have monitoring systems to evaluate the effects of primary and secondary 

prevention strategies 

In the absence of sufficient quality country-specific epidemiological data on stroke burden and 

risk factors, healthcare policy makers should be encouraged to use relevant Global Burden of 

Disease estimates 

Regular use of accurate data to support decision-making 

Changes in the 5- or 10-year absolute 

risk of stroke/CVD of outpatients  

Registries of recurrent strokes/TIA 

(including their outcomes), digital 

tools for monitoring trends in 

stroke/CVD risk and risk factors 

Insufficient funding of 

stroke prevention research 

To study determinants 

of stroke occurrence 

and outcomes and the 

Health research 

funding agencies 

In consultation with recognized regional experts on stroke and public health, allocate sufficient 

funding for research in primary and secondary stroke prevention 

Proportion of research funding 

allocated to primary stroke 
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across all countries, 

particularly in LMICs 

best strategies to 

reduce stroke burden 

prevention (compared to the total 

health research funding) 

Affordability of essential 

drugs for primary and 

secondary stroke 

prevention across all 

countries 

To establish a list of 

essential drugs for 

primary and secondary 

stroke  

People at risk of 

stroke 

All countries should have a list of essential drugs for primary and secondary stroke prevention 

funded by the government 

Availability of government subsidized 

essential drugs for primary and 

secondary stroke prevention aligned 

with the WHO list of essential drugs 
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Table 10: Key evidence-based recommendations to improve acute stroke care worldwide 

 

Key recommendations Source Level of 

evidence/ 

GRADE 

Resources required for 

implementation 

Political, legal, ethical, sociocultural and 

economic considerations and barriers for  

Recommendation for contextualization and 

implementation through WSO Task Force on 

Stroke and implementation ecosystem 

For all stroke patients      

Patients with an acute stroke should be admitted to 

hospital 

WSO Guideline and 

Action Plan113 

 

Level A Hospitals available 

(preferably stroke 

centres) 

Some regions without hospitals Governments should map the country and build 

at least 1 hospital per region (ideally every 200-

250 km, preferably a stroke centre). Online 

roadmap can help in the evaluation 

All patients with suspected acute stroke should 

receive brain imaging evaluation on arrival to 

hospital (non-contrast CT – NCCT – or Magnetic 

Resonance - MRI)  

AHA Guideline for 

Acute Stroke164  

Canadian Guidelines133 

ICH Guidelines 

AHA/ASA291 

Level 1A1 

 

Level A 

 

Level 1A 

 

Availability of CT scan in 

hospitals 

Lack of resources to equip more hospitals 

with NCCT scan  

Governments should map the country and 

implement at least 1 CT scan equipment every 

200 km. Online roadmaps can help in the 

evaluation 

Patients with acute stroke or TIA admitted to a 

hospital should be treated by an interdisciplinary 

stroke team (at least a physician with training in 

stroke care, a nurse, physiotherapist and speech 

therapist) 

Canadian Guidelines133  

WSO Guideline and 

Action plan113 

Action plan for stroke 

in Europe44 

 

Level A  

 

Level A  

 

Level A 

Interdisciplinary stroke 

team 

Lack of knowledge of health managers that 

interdisciplinary team is cost effective and 

improves the patient’s outcomes 

Lack of training for the interdisciplinary team 

WSO Task Force on Stroke commissioners to 

work together with the health managers to 

show the evidence about interdisciplinary stroke 

team 

Educational teaching courses for the stroke 

team (online – World Stroke Academy) and face 

to face with local societies 

Patients with acute stroke or TIA admitted to a 

hospital should be treated in a stroke unit, which is a 

specialized, geographically defined area dedicated 

to the management of stroke patients with an 

interdisciplinary stroke team  

Canadian Guidelines133  

WSO Guideline and 

Action plan113 

 

Level A  

 

Geographic area in the 

hospital 

Interdisciplinary stroke 

team 

Lack of space to create stroke units 

Lack of resources  

WSO Task Force on Stroke commissioners to 

work together with health managers and local 

societies to show the evidence about stroke 

units and to create plans to organize them more 

than built new areas  
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Action plan for stroke 

in Europe44 

Declaration of 

Gramado141 

Level A  

 

Level A 

Lack of knowledge of health managers that 

interdisciplinary team is cost effective and 

improves the patient’s outcomes 

Lack of training for the interdisciplinary team 

Educational teaching courses for the stroke 

team members (online – World Stroke Academy) 

and face to face meetings with local societies 

Patients should be evaluated and managed to 

prevent complications (early access to swallowing, 

nutrition and hydration status, fever, glucose, 

oxygen saturation, blood pressure, deep vein 

thrombosis, skin ulcers) 

Canadian Guidelines133  

WSO Guideline and 

Action plan113 

Action plan for stroke 

in Europe44 

AHA Guidelines164 

Level A 

 

Level A 

 

Level A 

 

Level A 

Training for the stroke 

team 

Lack of knowledge of health professionals 

about the importance of these general 

actions   

Lack of training for the interdisciplinary team 

Educational teaching courses for the stroke 

team (online – World Stroke Academy) and face 

to face with local societies/professionals 

In remote regions without doctors with stroke 

expertise, telemedicine in community hospitals may 

help to provide acute stroke treatment, including 

thrombolysis. 

AHA,164 Canadian,133 

Action plan in Europe,44  

Declaration of 

Gramado141 

Level IIa, B-R  Tools for communication 

and image evaluation in 

real time 

Stroke experts to give 

consultation 24h/day, 7 

days a week 

Lack of communication and image transfer 

tools 

Low resources to pay the equipment and 

professionals 

WSO Task Force on Stroke commissioners to 

work together with health managers and 

hospitals to develop a network to increase the 

access to stroke treatment in areas without 

doctors with stroke expertise.  

Specific for Ischemic stroke/TIA       

Patients with TIA should be assessed in hospital or if 

not possible, in a specialized outpatient clinic to 

perform CT scan, evaluate stroke aetiology and 

immediately to start stroke prevention (within 48 

hours from symptoms onset)  

Canadian Guidelines133   

WSO Guideline and 

Action plan113 

Action plan for stroke 

in Europe44 

 

Level A  

 

Level A  

 

Training for health 

professionals 

Organization of TIA acute 

assistance 

Lack of awareness of health professionals 

about the importance to evaluate TIA and 

minor stroke as a medical urgency 

Lack of structure for a fast evaluation of AIT 

aetiology and prevention treatment 

initiation 

WSO Task Force on Stroke commissioners to 

develop strategies and action plans for 

education of health professionals to treat TIA as 

a medical urgency and to educate them with the 

best prevention strategies starting immediately 

after symptoms onset.  

Patients with ischemic stroke should be evaluated 

for IV thrombolysis with tPA up to 4,5 hours of 

symptoms onset 

AHA,164  Level 1A Availability of tPA; 

Training for stroke 

professionals; 

Lack of knowledge of health managers about 

the benefit and cost-effectiveness of the 

thrombolytic treatment 

WSO Task Force on Stroke commissioners to 

work together with health managers and local 

societies to show the evidence about IV 

thrombolysis and to create plans to implement 
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Canadian Guidelines,133 

WSO,113 Action plan in 

Europe.44  

Declaration of 

Gramado141 

ESO Guideline292 

Organization of pathways 

for fast treatment 

lack of trained doctors and interdisciplinary 

team 

lack of thrombolytic medication in some 

countries 

cost of medication 

treatment; teaching courses; telemedicine  is an 

effective and cost-effective tool to help the 

implementation in areas without stroke 

expertise doctors.78,79 

Governments should discuss with companies to 

ensure affordable thrombolytic medication 

Ischemic stroke patients should be given 

acetylsalicylic acid (ASA) as soon as possible within 

48 hours from symptom onset after brain imaging 

has excluded intracranial haemorrhage. 

Thrombolysed patients should receive ASA 24 hours 

after treatment  

AHA,164  

Canadian Guidelines,133 

WSO,113 Action plan in 

Europe.44  

 

Level 1A Health professional 

education 

Lack of medical education Educational teaching courses for the stroke 

team (online – World Stroke Academy) and face 

to face with local societies/professionals 

Patients with minor stroke (NIHSS ≤ 3) who did not 

receive IV alteplase or high-risk TIA (ABCD2 score >4) 

of non-cardioembolic origin should receive dual 

antiplatelet therapy (DAPT) up to 24 hours of 

symptoms onset with aspirin plus clopidogrel 

(loading dose 300 or 600 mg followed by 75 

mg/day). DAPT should continue for 21 to 30 days. 

After, should continue antiplatelet monotherapy 

indefinitely    

AHA,164  

Canadian Guidelines,133  

Level 1A 

Level 1A 

Training for the stroke 

team 

Lack of medical education Educational teaching courses for the stroke 

team (online – World Stroke Academy) and face 

to face with local societies/professionals 

Patients with Large Vessel Occlusion (LVO) with 

symptoms up to 24 hours should be evaluated for 

mechanical thrombectomy (MT) in comprehensive 

stroke centres (Advanced as the WSO Roadmap 

classification).  

AHA,164  

Canadian Guidelines,133 

WSO,113 Action plan in 

Europe.44  

 

Level 1A  

 

Comprehensive stroke 

centres (advanced) 

Neurointerventionalists 

trained available 24h, 7 

days a week, 

anaesthesiologist, 

Access to Angiography 

units, devices for MT 

Lack of knowledge of health managers about 

the benefit of the treatment 

lack of structure in hospitals (usually LIC 

without any advanced hospital) 

lack of resources to pay the professionals 

and devices 

lack of trained neuro-interventionalists 

WSO Task Force on Stroke commissioners to 

work together with health managers and local 

societies to show the evidence already available 

and to create plans to implement treatment, 

teaching courses, hands-on in high volume 

centres. Governments should discuss with 

companies to ensure affordable devices and 

materials 
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Patients eligible for IV thrombolysis should receive 

IV thrombolysis even if MT is being considered. 

AHA,164  

Canadian Guidelines,133 

ESO Guideline.292  

Level 1A 

 

Level 1A 

 

Training for the stroke 

team 

Lack of medical education Educational teaching courses for the stroke 

team (online – World Stroke Academy) and face 

to face with local societies/professionals 

Specific for intracerebral haemorrhage (ICH)       

In patients with spontaneous ICH of mild 

to moderate severity presenting with SBP between 

150 and 220 mmHg, acute lowering of SBP to a 

target of 140 mmHg (maintaining in the range of 130 

to 150 mm Hg) is safe and may be reasonable for 

improving functional outcomes 

AHA ICH291 Level 1A Training for the stroke 

team 

Lack of medical education Educational teaching courses for the stroke 

team 

In patients with spontaneous ICH and clinical 

hydrocephalus, transfer to centres with 

neurosurgical capabilities for definitive 

hydrocephalus management with external 

ventricular derivation (EVD) placement and 

monitoring is recommended to reduce mortality 

AHA ICH291 Level 1-BNR Training for the stroke 

team 

Lack of medical education Educational teaching courses for the stroke 

team 

Intermittent pneumatic compression (IPC) starting 

on the day of diagnosis is recommended for deep 

venous thrombosis and pulmonary embolism 

prophylaxis 

AHA ICH291 Level 1-BR Training for the stroke 

team 

Lack of medical education Educational teaching courses for the stroke 

team 

In patients with spontaneous ICH, impaired 

consciousness, and confirmed electrographic 

seizures, antiseizure drugs should be administered 

to reduce morbidity 

AHA ICH291 Level 1-CLD Training for the stroke 

team 

Lack of medical education Educational teaching courses for the stroke 

team 

In patients with clinical seizures antiseizure drugs 

should be administered 

AHA ICH291 Level 1 CEO Training for the stroke 

team 

Lack of medical education Educational teaching courses for the stroke 

team 

For patients with cerebellar ICH who are 

deteriorating neurologically, have brainstem 

compression and/or hydrocephalus from ventricular 

AHA ICH291 Level 1 BNR Training for the stroke 

team 

Lack of medical education Educational teaching courses for the stroke 

team. If unavailability of resources, the patient 
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obstruction, or have cerebellar ICH volume ≥15 mL, 

immediate surgical removal of the haemorrhage 

with or without EVD is recommended in preference 

to medical management alone to reduce mortality 

Availability of operating 

room and neurosurgeon 

24h, 7 days 

 

Unavailability of structure to the surgery 

(equipment and professional) 

should be transferred to a hospital with 

neurosurgery 

Plans to transfer these patients should be 

coordinated with health managers as regional 

protocol 

ICH while anticoagulated: 

-Acute reversal of anticoagulation using protein 

complex concentrate (PCC) more than fresh frozen 

plasma for reversal of vitamin K antagonists 

followed immediately by IV Vitamin K to avoid 

increased INR again. 

- Idarucizumab for reversal of the thrombin inhibitor 

dabigatran 

 

-Andexanet alfa for reversal of factor Xa inhibitors 

such as Rivaroxaban, Apixaban, and Edoxaban. 

AHA ICH291 

 

Level 1 BR  

 

Level 1 CLD 

 

 

Level 2a BNR 

 

 

Level 2a BNR 

 

 

Training for the stroke 

team 

Availability of PCC 

 

 

Training for the stroke 

team, availability of 

Idarucizumab 

Training for the stroke 

team, availability of 

Andexanet 

Lack of medical education 

 

Lack of medication for anticoagulation 

reversal 

 

 

Lack of medical education 

Lack of medication for anticoagulation 

reversal 

Lack of medical education 

Lack of medication for anticoagulation 

reversal 

Educational teaching courses for the stroke 

team. 

Director of hospital and Health managers should 

provide medication for anticoagulation reversal 

 

 

Educational teaching courses to the stroke team 

Director of hospital and Health managers should 

provide medication for anticoagulation reversal 

 

 

Specific for subarachnoid haemorrhage (SAH)      

Acute diagnostic workup should include non-

contrast head CT, which, if nondiagnostic, should be 

followed by lumbar puncture  

CTA may be considered in the workup of aSAH. If an 

aneurysm is detected by CTA, this study may help 

guide the decision for type of aneurysm repair, but if 

CTA is inconclusive, Diagnostic subtraction 

angiography still recommended (except possibly in 

the instance of classic perimesencephalic aSAH)  

AHA SAH293 1B 

 

 

 

2B, C 

 

 

 

Availability of CT scan 

and lumbar puncture 

material in the hospital

  

Availability of CTA 

Lack of resources to equip more hospitals  

 

 

Lack of resources to equip more hospitals 

Governments should map the country and 

implement at least 1 CT scan equipment every 

200 km. Online Roadmap can help in the 

evaluation 

Governments should plan and implement at 

least 1 comprehensive (advanced) stroke centre 

to each 2 million inhabitants 

Coordinated routes to transfer these patients in 

the first 24 hours should be organized.  
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The magnitude of blood pressure control to reduce 

the risk of rebleeding has not been established, but 

a decrease in systolic blood pressure to <160 mmHg 

is reasonable  

AHA SAH293, 294 Level C, 2A,  Training for health 

professionals 

 

Lack of training Educational teaching courses for the stroke 

team. 

 

Patients with SAH should start oral nimodipine to 

improve outcomes but not to decrease vasospasm 

 

AHA SAH293, 294 Level 1A Training for health 

professionals 

 

Lack of training 

Lack of nimodipine 

Educational teaching courses for the stroke 

team. 

Health managers should ensure that essential 

medication is available 

Surgical clipping or endovascular coiling of the 

ruptured aneurysm should be performed as early as 

feasible in the majority of patients to reduce the 

rate of rebleeding after aSAH  

AHA SAH293, 294 Level 1 B Availability of 

neurosurgeon or 

neurointerventionalists, 

availability of surgery 

room or angio-suite 

Lack of equipment and professionals Educational teaching courses for neurosurgeon, 

neurointerventionalists 

Comprehensive (advanced) stroke centre 

available in the region to transfer the patient 

A neuroradiologist and a neurosurgeon should 

discuss the options for managing the culprit 

aneurysm (endovascular coiling or neurosurgical 

clipping), taking into account the patient's clinical 

condition, the characteristics of the aneurysm, and 

the amount and location of subarachnoid blood  

AHA SAH293, 294  1B Lack of training Educational teaching courses to neurosurgeon, 

neurointerventionalist 
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Table 11: 2030 Targets and Recommendations for acute stroke care  

 

Problems Goals Targets Recommendations/Actions Assessment methods for 

assessing adherence to 

recommendations 

Some countries 

do not have acute 

stroke care 

services  

To establish acute 

stroke services in all 

countries  

To ensure availability of acute stroke services in all 

countries by the year 2030 accessible to all stroke 

patients worldwide 

All countries without acute stroke services should have a 

government program to establish them and train 

personnel to deliver interdisciplinary care to stroke 

patients in pre-hospital and hospital 

Financing programs should be developed to facilitate 

access to acute stroke services in low- and middle-income 

countries (government or public-private partnership) 

Use of telemedicine to increase the access to stroke 

specialists 

Number of countries 

without acute stroke 

services in 2022 who have 

established same by 2030.  

 

Some countries 

do not have 

adequate number 

and quality of 

acute stroke 

services for stroke 

patients 

To increase the 

number and quality 

of hospitals with 

acute stroke care, 

with 

implementation of 

evidence-based 

approach  

To increase the number of acute stroke centres 

such that every stroke patient has access to such 

services by 2030. The recommended number is at 

least 50 beds per 1 million inhabitants with a 

multidisciplinary approach and implementation of 

evidence-based treatments: thrombolysis as a first 

step and thrombectomy in comprehensive centres 

as the next step (the suggestion is to create more 

high-level stroke centres providing all necessary 

treatment options, including thrombectomy, with 

at least 1 centre per 2 million inhabitants) 

Countries with existing acute stroke hospitals should 

improve the quality of services provided according to 

evidence-based guidelines. Training programs should be 

enhanced to increase the number of personnel required to 

offer services. 

Telemedicine can be used to increase the access to stroke 

specialists 

Certification programs can help to improve and to 

maintain the quality of services 

Number of new acute 

stroke services established 

between 2022 and 2030 in 

each country 

National or international 

quality indicators 

registries in hospitals to 

monitor and improve the 

quality 

Number of certified stroke 

services in each country 
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Table 12. Summary of key pragmatic solutions based on national and international stroke guidelines to improve stroke rehabilitation services worldwide  

 
KEY RECOMMENDATIONS 
(Criteria: Class I and III and IIa A or B, IIbA recommendations only from best Guidelines 
reviewed based on COUNCIL Criteria) 

Sourc
e 

LOE Resources 
required for 
implementation 

Barriers/Facilitators for 
implementation in 
LMICs 

Pragmatic 
Solutions/Recommen
dation for 
contextualization and 
implementation in 
LMICs through WSO 
Task Force on Stroke 

ORGANIZATION OF REHABILITATION SERVICE 

It is recommended that early rehabilitation for hospitalized stroke patients be provided in 
environments with organized, interprofessional stroke care. 
 

AHA 
ESAP 

I A 
 

Multidisciplinary 
rehabilitation 
facilities with 
rehabilitation 
doctor/physician/
neurologist, 
physiotherapist, 
occupational 
therapist, speech 
and language and 
dysphagia 
therapist, clinical 
psychologist, 
nurse; etc. 

Major barriers to be 
surmounted include lack 
of awareness and low 
demand, absence of/or 
inadequate number of 
rehabilitation 
professionals (need to 
establish training 
institutions/program to 
produce adequate 
number of professionals); 
need to adapt evidence-
base practice 
recommendations to 
regional capacities (need 
to establish regional 
protocols / clinical 
pathways); need to 
finance rehabilitation 
services to make them 
accessible and available 
to all stroke patients 

WSO Task Force on 
Stroke commissioners 
to develop, implement 
and monitor strategic 
action plan with all 
stakeholders to ensure 
availability of stroke 
rehabilitation services 
to all eligible stroke 
patients in their 
countries and regions 

SKIN      

In ischaemic stroke, prophylactic-dose subcutaneous heparin (UFH or LMWH) should be 
used for the duration of the acute and rehabilitation hospital stay or until the stroke 
survivor regains mobility 

AHA I A Subcutaneous 
heparin 

Availability of 
subcutaneous heparin 

Provision and 
administration of 
subcutaneous Heparin 
for DVT prophylaxis in 
patients with ischaemic 
stroke 

PAIN 
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Patient and family education (i.e., range of motion, positioning) is recommended for 
shoulder pain and shoulder care after stroke, particularly before discharge or transitions in 
care 

AHA I C Education Education Training of care 
providers to educate 
patients/family 
members 

FALLS      

It is recommended that individuals with stroke be provided a formal fall prevention 
program during hospitalization 
 
People with stroke should be offered falls risk assessment and management as part of their 
stroke rehabilitation, including training for them and their family/carers in how to get up 
after a fall 
 
People with stroke should be offered an assessment of fear of falling as part of their falls 
risk assessment 
 
People at high risk of falls after stroke should be offered a standardized assessment of 
fragility fracture risk as part of their stroke rehabilitation 
 
People with stroke with symptoms of vitamin D deficiency, or those who are considered to 
be at high risk (e.g., housebound) should be offered calcium and vitamin D supplements 
 
People at high risk of falls after stroke should be advised to participate in physical 
activity/exercise which incorporates balance and co-ordination at least twice per week 

AHA 
UK 

I A 
Nil 

In hospital 
rehabilitation 
programs with 
balance and falls 
risk assessment  

Limited number of 
organized programs with 
assessment of balance 
and risk falls 

Support for workshops, 
production of free 
online training 
materials 

DEPRESSION 

In the first months post-stroke, antidepressant pharmacotherapy is only recommended if 
the process of rehabilitation is hindered by emotional problems. Increasing motivation for 
and participation in rehabilitation is the target for treatment. Selective serotonin reuptake 
inhibitors, SSRIs should be considered when depressive complaints or emotionalism are 
long lasting and become chronic while adverse effects should be monitored continuously 

WFNR 

LoE: 1a 
QoE: 
moderate 
SoR: B+ 

   

CONSCIOUSNESS 

Amantadine for a course of amantadine treatment over a couple of weeks can be used in 
the beginning of the rehabilitation treatment of stroke survivors with DoC (VS-MCS) to 
promote recovery in the disability domain 
The evidence is too limited to guide clinical decision-making with respect to long-term use 
and discontinuation of amantadine, or the prescription of other drugs to treat DoC in 
stroke survivors 

WFNR 

LoE: 1b 
QoE: 
moderate 
SoR: 0 
indirectne
ss of 
evidence 

   

COGNITION      

Screening for cognitive deficits is recommended for all stroke patients before discharge 
home 

AHA 
AHA 

I B 
IIa C 

Multidisciplinary 
approach should 

Limited number of 
trained 

Need to finance 
multidisciplinary 
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When screening reveals cognitive deficits, a more detailed neuropsychological evaluation 
to identify areas of cognitive strength and weakness may be beneficial  
 
Services for people with stroke should have a comprehensive approach to delivering 
psychological care that includes specialist clinical neuropsychology/clinical psychology 
input within the multi-disciplinary team 
 
People with stroke should be considered to have at least some cognitive impairment in the 
early phase. Routine screening should be undertaken to identify the person’s level of 
functioning, using standardized measures 
 
People with communication impairment after stroke should receive a cognitive 
assessment using valid assessments in conjunction with a speech and language therapist. 
Specialist advice should be sought if there is uncertainty about the interpretation of 
cognitive test results 
 
 Any person with stroke who is not progressing as expected in rehabilitation should receive 
a detailed assessment to determine whether cognitive impairments are responsible, with 
the results explained to the person, their family, and the multidisciplinary team 
 
People with acute cognitive problems after stroke whose care is being transferred from 
hospital should receive an assessment for any safety risks from persisting cognitive 
impairments. Risks should be communicated to their primary care team together with any 
mental capacity issues that might affect their decision-making 
 
People with stroke returning to cognitively demanding activities such as driving, or work 
should have their cognition fully assessed 

UK  
Nil 
 

include trained 
clinical 
psychologist 
experienced in 
cognitive 
assessment 
(neuropsychologi
st) 

neuropsychologists 
/occupational therapists 

rehabilitation including 
neuropsychologists/ 
occupational therapists 

DYSPHAGIA SCREENING, MANAGEMENT, AND NUTRITIONAL SUPPORT 

Early dysphagia screening is recommended for acute stroke patients to identify dysphagia 
or aspiration, which can lead to pneumonia, malnutrition, dehydration, and other 
complications 

AHA 
Au 

I B 
Strong 

Multidisciplinary 
approach should 
include trained 
speech and 
swallowing 
therapist  

Limited number of 
trained speech and 
swallowing therapist 

Financing training 
program, workshops, 
and online materials for 
healthcare provider 

External feedings (tube feedings) should be initiated within 7 days after stroke for patients 
who cannot safely swallow 
 

AHA I A 
 

Implementation 
of a dysphagia 
screening 
program for all 
stroke cases 

Major barriers to be 
surmounted include lack 
of awareness and low 
demand, absence of/or 

Financing training 
program, workshops 
and online materials for 
healthcare provider 
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inadequate number of 
professionals 

APHASIA      

Recommendations: Aphasia  
Speech and language therapy is recommended for individuals with aphasia 
 
People with communication problems after stroke should be assessed by a speech and 
language therapist to diagnose the problem and to explain the nature and implications to 
the person, their family/careers and the multidisciplinary team. Reassessment in the first 
four months should only be undertaken if the results will affect decision-making or are 
required for mental capacity assessment 
 
People with communication problems after stroke should be assessed by a speech and 
language therapist to diagnose the problem and to explain the nature and implications to 
the person, their family/careers and the multidisciplinary team. Reassessment in the first 
four months should only be undertaken if the results will affect decision-making or are 
required for mental capacity assessment 

AHA 
Au 
UK 
WFNR 

I A 
Strong 
Nil 

Multidisciplinary 
approach should 
include trained 
speech and 
language 
therapists 

Limited number of 
trained speech and 
language therapists 

Financing training 
program, workshops 
and online materials for 
healthcare provider 

SPASTICITY 

Targeted injection of botulinum toxin into localized upper limb muscles is recommended 
to reduce spasticity, to improve passive or active range of motion, and to improve 
dressing, hygiene, and limb positioning   

AHA I A Multidisciplinary 
approach should 
include trained 
neurologists for 
Botox injection  

Limited number of 
trained neurologists 
//physical and 
rehabilitation medicine 
doctors 

Financing training 
programs, workshops, 
and online materials for 
neurologists/physical 
and rehabilitation 
medicine doctors 

BALANCE      

Individuals with stroke who have poor balance, low balance confidence, and fear of falls or 
are at risk for falls should be provided with a balance training program 
 
For patients with balance disorders post stroke, balance training should be offered 
 
It has been demonstrated that exercising postural control with visual feedback while 
standing on a force platform improves the postural sway in stance of patients with a stroke  
 
Studied for early and chronic rehabilitation 
 
It has been demonstrated that exercising balance during various activities results in 
improved sitting and standing balance and improved performance of basic activities of 
daily living by stroke patients  
Studied for early, late, and chronic rehabilitation 

AHA 
Ca 
Ne 

I A 
Evidence 
Level A 
(Level 1) 

Physiotherapists 
are required for 
balance training 

Need large number of 
physiotherapists 

Recommend training of 
more physiotherapists 
for stroke patients 
globally 

MOBILITY      
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Intensive, repetitive, mobility- task training is recommended for all individuals with gait 
limitations after stroke 
 
Task and goal-oriented training that is repetitive and progressively adapted should be used 
to improve performance of selected lower-extremity tasks such as walking distance and 
speed and sit to stand 
 
It has been demonstrated that training specific skills, such as exercising balance while 
standing and reaching to grasp objects, has a favorable effect on the specific skill being 
trained by stroke patients in all phases of rehabilitation 
 
People with loss of movement and/or ataxia after stroke sufficient to limit their activities 
should be assessed by a physiotherapist with experience in neurological rehabilitation 
 
People with loss of movement and/or ataxia after stroke should be taught task-specific, 
repetitive, intensive exercises or activities that will increase strength 
 
People with impaired sitting balance after stroke should receive trunk training exercises 
 
People with significant impairment of their balance and walking ability after stroke should 
receive progressive balance training, functional task-specific training, lower limb 
strengthening exercises and be considered for an ankle-foot orthosis 
 
People with moderate to severe limitation of their walking ability after stroke should be 
assessed for a walking aid to improve their stability 
 
People with stroke who are able to walk with or without assistance should undergo task 
specific walking training with a cardiorespiratory and/or muscle strength focus at sufficient 
intensity to improve endurance and walking speed 
 
People with limited ability to walk after stroke should be assessed by a physiotherapist 
with experience in neurological rehabilitation to guide management 
 
People with limited mobility after stroke should be assessed, provided with and trained in 
how to use appropriate mobility aids including a wheelchair to enable safe independent 
mobility 

AHA 
Ca 
ESAP 
Ne 
UK 

I A 
Evidence 
Level A 
Level 1 
Nil 
 

Physiotherapists 
are required for 
mobility and gait 
training 

Need large number of 
physiotherapists/ 
physical and 
rehabilitation medicine 
doctors 

Recommend training of 
more physiotherapists 
/physical and 
rehabilitation medicine 
doctors for stroke 
patients globally 

UPPER EXTREMITY ACTIVITY, INCLUDING ADLS, IADLS, TOUCH, AND PROPRIOCEPTION 

Functional tasks should be practiced:  that is, task-specific training, in which the tasks are 
graded to challenge individual capabilities, practiced repeatedly, and progressed in 
difficulty on a frequent basis 

AHA 
Ca 
UK 

I A 
(Evidence 
Level A), 

Therapists, 
training 
 

Availability of therapists Ensure incorporation in 
stroke rehabilitation 
protocols 
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Patients should engage in training that is meaningful, engaging, repetitive, progressively 
adapted, task specific and goal-oriented in an effort to enhance motor cont11rol and 
restore sensorimotor function 
ii. Training should encourage the use of patients’ affected limb during functional tasks and 
be designed to simulate partial or whole skills required in activities of daily living (e.g., 
folding, buttoning, pouring, and lifting)  
 
The team should promote the practice and transfer of skills gained in therapy into the 
patient’s daily routine 
 
Therapy should include repetitive and intense use of novel tasks that challenge the patient 
to acquire the necessary skills needed to perform functional tasks and activities (Evidence 
Level A) 
 
People with stroke with potential or actual arm movement should be given every 
opportunity to practice functional activities. Practice should be characterized by 
movements that are of high intensity, repetitive and are task-specific. These activities may 
be bilateral or unilateral depending on the task 

Nil  
 
Same for all 

CHRONIC CARE MANAGEMENT: HOME- AND COMMUNITY-BASED PARTICIPATION 

After completion of formal stroke rehabilitation, participation in a program of exercise or 
physical activity at home or in the community is recommended. (Access to green areas and 
walking space may facilitate physical activity) 
 
Community-dwelling stroke survivors who have difficulties performing daily activities 
should be assessed by a trained clinician 
 
Community-dwelling stroke survivors with confirmed difficulties in personal or extended 
ADL should have specific therapy from a trained clinician (e.g., task-specific practice and 
training in the use of appropriate aids) to address these issues 

AHA 
ESAP 
Au 

I A 
Strong 

Therapists and 
training  

Training Same 

TREATMENTS/INTERVENTIONS FOR VISUAL IMPAIRMENTS 

For deficits in eye movements: 
Eye exercises for treatment of convergence insufficiency are recommended 

AHA I A Therapists and 
training 

Training  Ensure incorporating in 
protocols 

SOCIAL AND FAMILY CAREGIVER SUPPORT 

It may be useful for the family/caregiver to be an integral component of stroke 
rehabilitation 

AHA 
ESAP 

IIb A 
 

Therapists and 
caregivers 

Training and availability 
of caregivers 

Ensure implementation  

REFERRAL TO COMMUNITY RESOURCES 

It is recommended that acute care hospitals and rehabilitation facilities maintain up-to-
date inventories of community resources 

AHA I C 
 

Therapists and 
caregivers 

Training and availability 
of caregivers 

Ensure implementation  

RECREATIONAL AND LEISURE ACTIVITY 
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It is reasonable to promote engagement in leisure and recreational pursuits, particularly 
through the provision of information on the importance of maintaining an active and 
healthy lifestyle  

AHA IIa B 
 

Therapists and 
caregivers 

Training and availability 
of caregivers 

Ensure implementation  

 

American Heart Association (e.g., Class I Level A)82, Netherlands KNGF Stroke Guideline83, Canada Stroke Best Practice recommendation84, WFNR Clinical pathways in stroke 
rehabilitation: evidence-based clinical practice recommendations85, European Stroke Organisation, Australian Stroke Foundation2, United Kingdom NICE guideline for 
stroke86, and World Stroke Organization. AHA: American Hypertension Association. ESAP: European Stroke Action Plan. Ca: Canada. Au: Australia. UK: United Kingdom. Ne: 
The Netherlands. 
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Table 13: 2030 Targets and Recommendations for improving stroke rehabilitation 

 

Problems Goals Targets Recommendations/Actions Assessment methods for 

assessing adherence to 

recommendations 

Some countries do not 

have rehabilitation 

services for patients 

with stroke 

To establish and 

strengthen 

neurorehabilitation 

services in various 

settings in all countries 

for patients with stroke 

To ensure availability of 

multidisciplinary neurorehabilitation 

facilities and personnel in all countries 

by the year 2030 accessible to all 

stroke patients worldwide 

All countries without multidisciplinary neurorehabilitation 

services should have a program to establish these 

multidisciplinary neurorehabilitation services and train 

appropriate personnel to deliver transdisciplinary care to 

patients with stroke in hospital and community settings 

Financing solutions should be developed to facilitate 

access to neurorehabilitation services for patients with 

stroke in low- and middle-income countries 

 

Number of countries without 

multidisciplinary 

neurorehabilitation services in 

2019 for stroke patients who 

have established these 

multidisciplinary 

neurorehabilitation services 

by 2030  

 

Many countries do not 

have adequate 

number and quality of 

rehabilitation services 

and settings for 

survivors of stroke 

To increase the number 

of facilities offering 

quality multidisciplinary 

care for patients with 

stroke and to increase 

adherence to best 

practice guidelines 

along the “continuum 

of care” including 

inpatient, outpatient, 

community, and home-

based rehabilitation 

with an inter-setting 

organisation. 

To increase the number of facilities 

offering quality multidisciplinary care 

for patients with stroke with a 

“continuum of care” approach and 

inter-setting organisation such that 

every patient with stroke has access to 

these quality multidisciplinary care 

services by 2030.  

The specific numbers and types of 

facilities required will depend on the 

population burden of patients with 

stroke in each region and country 

Multidisciplinary care and inter-setting organisation along 

the “continuum of care” with inpatient, outpatient, 

community and home-based rehabilitation should be 

available for patients with stroke. 

Countries with existing stroke rehabilitation facilities 

should improve the quality of services provided according 

to evidence-based guidelines.  

Training programs should be enhanced to increase the 

number of personnel required to offer services. 

Development of agreed performance indicators for 

rehabilitation that address major impairments and patient 

and carer needs. 

Creation of a repository for best practice rehabilitation 

protocols for sharing and adaptation to different 

countries and settings. 

Number of new rehabilitation 

services established between 

2019 and 2030 in each country 

Improved adherence to clinical 

practice guidelines 
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