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Abstract 
Objectives Implementation of the Stroke Action Plan for Europe (2018–2030) (SAP-E) was initiated in 2019. It is now updated 
at mid-term to reflect and respond to challenges for stroke care in Europe in 2025.

Methods The SAP-E covers the entire chain of stroke care. The sections (state of the art, current status and targets) were 
developed by working groups and finalised based on inputs from the Interim Review Committee and an open online meeting. 
Targets for 2030 were updated to reflect current knowledge, to prioritise and to increase accountability.

Results All sections have been updated based on the newest evidence to reflect the state of the art and current status in 2025.

Conclusion Stroke remains a significant health issue in Europe, with notable incidence and inequities in access to care. Key 
interventions are strongly evidence-based, cost-effective and supported by World Health Organization and European Union 
recommendations. Despite improvements, gaps remain across the care pathway but particularly in terms of access to stroke 
units, rehabilitation and follow-up. To control and reduce the burden of stroke, the main action points are: (1) national stroke 
plans, which encompass the entire chain of care and are reflected in reimbursement systems, (2) quality and outcome control, 
where impact is measured at both individual and health care system level, (3) robust and resilient health c are organisation
covering the entire chain of care that promotes equal access to sustainable, timely and evidence-based stroke care and (4)
effective national strategies to promote and facilitate a healthy lifestyle and risk factor control.

Keywords epidemiology, Europe, prevention, quality assurance, strategic planning, stroke, stroke servic es, treaties, treatment

Introduction 
The absolute number of strokes in the World Health Organization 
(WHO) European region (EU-53) is still increasing, and there are 
considerable discrepancies in incidence, prevalence, mortality 
and disability-adjusted life-years between individual countries,
with consistently lower rates in the European Union (EU-28)
compared with EU-53.1 Several initiatives have been launched to 
halt or decrease the global burden of non-communicable diseases 
(NCDs), including stroke. Prevention and treatment of stroke— 
including primary prevention, thrombolysis, stroke unit care and 
secondary prevention—are now listed as “NCD Best Buys” by the
WHO, underlining the cost-effectiveness of these interventions.2 

Rehabilitation is also identified by the WHO as an essential part of 
universal health coverage .3 Consequently, all steps in the chain of 
stroke treatment, except life after stroke, are included in recent 

WHO recommendations, documenting the importance of the 
interventions and the strength of the evidence. Furthermore, the 
WHO Global NCD Action Plan 2013–2020 recognised the primar y
role and responsibility of governments in responding to NCDs
and the role of international cooperation in supporting national
efforts.4 

In the larger perspective of brain health, it is important to note 
that modifying cardiovascular risk factors not only reduces the risk 
of stroke (and other cardiovascular diseases) but also maintains
brain health and prevents dementia later in life,5 strongly linking 
cardiovascular risk reduction to brain health and brain health 
initiatives. In Europe, the EU NCD initiative “Healthier Together” 
(2022) prioritises developing national stroke plans that encom-
pass the entire care chain.6 It includes its own set of “best prac-
tices,” which mirror the WHO Best Buys and other initiatives for
stroke.
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The Stroke Action Plan for Europe (SAP-E) 2018–2030 was devel-
oped by the ESO and Stroke Alliance for Europe and comple-
ments the above initiatives.7 Implementation of the SAP-E was 
initiated by establishing an implementation committee in 2019, 
which set up a strategic ne twork and plan to meet the targets
of this SAP-E.8 The COVID-19 pandemic significantly hampered 
initial progress, and at first, the programme was purely online.9 

The SAP-E is anchored in its network of national coordinators 
(representatives from national scientific societies and stroke sup-
port organisations [SSOs]), who link the European-level initiative 
to national governments, healthcare professionals and patient 
organisations. Establishing national stroke plans is the highest 
priority f or SAP-E to improve the lives of all people affected by
stroke, recognising the primary role of governments in response to
NCDs.10 

To actively facilitate improvement of stroke care in Europe, key 
performance indicators (KPIs) 2030 were defined11 in collabora-
tion with the national coordinators. The Stroke Service Tracker 
(SST) was established in 2020, and annual European aggregated 
summary data have been collected since then. The KPIs, as well
as essential stroke variables, have been published.12 

Using these tools, national coordinators have approached their 
national governments to secure commitment to implementing the 
SAP-E in their countries. This commitment was in the form of a 
Declaration and has been signed by 13 European countries,13 and 
15 countries had a national stroke plan in 2022 compared to 8 in
2020.

As the original plan approached its mid-term, an update of the 
SAP-E was required to update the state of the art on stroke care, 
describe the present s tate of stroke care and increase accountabil-
ity of the plan.

Four overarching targets remain the primary goal of the SAP-
E. Only the first has been modified to increase operationality by 
including age-standardised incidence and increasing the target to
15%:

1. to decrease the age-standardised incidence of stroke by 15% 
from 2020 t o 2030

2. to treat 90% or more of patients with acute stroke in Europe 
in a dedicated stroke unit as the first level of care

3. to have national plans for stroke encompassing the entire 
chain of care from primary prevention to life after stroke

4. to fully implement national strategies for multisector pub-
lic health interventions to promote and facilitate a healthy 
lifestyle and reduce environmental (including air pollution), 
socioeconomic and educational factors that increase the risk
of stroke.

Methods 
The work was planned and led by the leadership of SAP-E. The 
review and writing process followed the process previously used, 
which is described in the Helsingborg Declaration and first Action
Plan for Stroke in Europe.7 In short, working groups for 8 domains 
(Primary Prevention, Organisation of Acute Stroke Services, Man-
agement of Acute Stroke, Secondary Prevention and Follow-up, 
Rehabilitation, Life After Stroke, Evaluation of Outcomes and Qual-
ity Improvement and Translational Stroke Research) were estab-
lished based on the same stroke experts (if still active in the field) 

and the addition of new experts taking into account geographic 
origin, age and sex. With the overall purpose of ensuring repre-
sentativeness, patient representatives were included in all groups. 
An Interim Review Oversight Committee, including patient repre-
sentatives, was established to ensure transparency in the work. 
The groups reviewed the previous action plan with a focus on 
the need for updating b ased on new knowledge, the current state
of services and accountability of the targets. The focus was on
prevalent presentations in adult stroke. The existing SAP-E KPIs
were integrated into the listed targets, and new KPIs were devel-
oped, when relevant (Table 1). The current state of services was 
supported by SST data, when available.14 

A public livestreamed and recorded meeting was held on 27 
August 2024, with 94 registered participants. All sections were sys-
tematically discussed, and working groups reviewed the sections 
after the meeting and considered feedback given during the meet-
ing. The final version was subsequently reviewed by the Interim 
Review Oversight Committee and all working groups before sub-
mission f or publication. The process was supported by the Head
Office of the ESO, guaranteeing independence from other stake-
holders.

Primary prev ention

Primary prevention of stroke—that is, prevention of a first stroke— 
is essential for overall brain and cardiovascular health. The WHO’s 
strategy to optimise brain health throughout the life course, 
emphasising stroke-specific risk factors, is therefore crucial.15 Our 
SAP-E aligns with other key preventive initiatives, including brain 
health strategies from the American Heart Association, American 
Stroke Association and European Academy of Neurology.16,17 

Structural interventions include enacting legislative changes, 
implementing taxation, involving the food industry, imposing 
advertising and sales restrictions and employing various fiscal 
policies. The goal is to reduce tobacco and nicotine product 
use notably, curb harmful alcohol consumption, promote 
healthier dietary habits and discourage sedentary lifestyles. To 
identify risk factors in individuals before they le ad to stroke,
we need to implement pathways for nationwide opportunistic
screening strategies for key risk factors, including hypertension,
dyslipidaemia, hyperglycaemia and atrial fibrillation (AF).

State of the art

One of the 4 overarching targets of SAP-E is to reduce the age- and 
sex-standardised incidence of stroke by more than 15% by 2030. 
Given the rapidly ageing population in Europe, primary prevention 
at an early stage is increasingly critical to avert the escalating 
disease burden. Most of the stroke risk—spanning age, sex and 
ethnicity—is attributed to a few key modifiable factors: smok -
ing, hypertension, dyslipidaemia, unhealthy diet, excessive alco-
hol intake, physical inactivity, obesity, diabetes and cardiac dis-
eases (including AF).18 Recent evidence adds insufficient sleep, 
substance abuse, e-cigarettes, psychosocial factors and environ-
mental factors such as air quality as stroke risk factors.19 

Public health inter ventions

Public health interventions promoting a healthy lifestyle and tar-
geting highly prevalent risk factors that do not require pharmaco-
logical intervention should be deployed on multiple fronts. These
interventions may encompass legislative changes, taxation and
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Table 1 The list of Key Performance Indicators of the Stroke Action Plan for Europe, their d efinitions and benchmarks.

KPI Definition Benchmark 

KPI 1 A national stroke plan defining pathways, care and support after stroke, including pre-hospital phase, hospital 
stay, discharge and transition, and follow-up.

Implemented 

KPI 2 At least 1 individual from the respective SSO (if existent) will be involved and supported, in an equal way, during 
the development of each country’s national stroke plan or stroke-relat ed guideline.

Implemented 

KPI 3 (a) A national strategy for multi-sectorial public health interventions that promote and facilitate a healthy 
lifestyle and risk factor control has been implement ed. 

(b) A national brain health plan including stroke-specific health factors across t he life course has been 
developed. 

(c) Nationwide pathways for opportunistic screening for key risk factors, including hypertension, 
dyslipidaemia, hyper glycaemia and atrial fibrillation. Has been implement ed. 

Implemented 

KPI 4 Establishment of national- and regional-level systems for assessing and accrediting stroke clinical services, 
providing peer support for quality impr ovement, and making audit data available to the public.

Implemented 

KPI 5 All stroke units and other stroke services independent of sector undergo quality auditing continuously or at 
regular int ervals:

(a) Hospitals 
(b) Other servic es. 

Implemented 

KPI 6 Access to stroke unit care for patients with acut e stroke: 
(a) Percentage admitted to stroke unit care 
(b) Percentage admitted to stroke unit care within 24 h of arrival.

(a) 90% 
(b) 90% 

KPI 7 Recanalisation treatment provided for patients with ischaemic stroke: 
(a) Percentage of patients treat ed with IVT 
(b) Percentage of patients treat ed with MT 
(c) Median door-to-needle times (IVT) 
(d) Median door-to-groin t imes (MT). 

(a) 20% 
(b) 7.5% 
(c) <30 min 
(d) <60 min 

KPI 8 Stroke units with access to: CT/MRI, vascular imaging, ECG, long-term ECG-monitoring, cardiac echo (TTE, TOE), 
dysphagia s creening and blood tests during s troke unit admission.

90% 

KPI 9 Access to early stroke unit rehabilitation including ESD. 
(a) Percentage of stroke units with access to early str oke unit rehabilita tion
(b) Percentage of stroke units with ac cess to ESD.

90% 

KPI 10 Access to basic secondary prevention, including antithrombotics, antihypertensives, statins and lifestyle advice. 90% 
KPI 11 A binding, personalised, documented rehabilitation and sector transition plan is provided at the time of

discharge.
70% 

KPI 12 Follow-up at 3–6 months after the stroke incident, including a post-stroke checklist, functional assessment and 
referral for relevant int erventions:

(a) Follow-up at 3–6 months 
(b) Use of post-stroke checklist, functional assessment and referral for relev ant interventions at f ollow-up.

Implemented 

KPI 13 Percentage of patients in whom short-term mortality (30 days) after stroke is monitored and at acceptable 
levels f or:

(a) ischaemic strok e 
(b) ICH 
(c) all strok e 
(d) SAH 

(a) <10% 
(b) <30% 
(c) <15% 
(d) <25% 

Abbreviations: ESD = early supported discharge; SAH = subarachnoid haemorrhage. 

other fiscal policies, as well as reformulation and labelling of food. 
As an example, reducing salt intake at the population level and 
effective control of hypertension are crucial for preventing strokes. 
This preventive approach should be implemented across individ-
ual, community and population levels. In addition, media cam-
paigns and educational and preventive measur es in schools, work-
places and communities play a pivotal role in this comprehensive
strategy.

Both population-wide and high-risk strategies are needed for 
efficient reduction of the incidence of strokes.20 A significant pro-
portion of strokes occur in individuals with low- or intermediate-
risk profiles.21 In stroke prevention, it is important to address 
diverse demographics, including younger individuals, those with 
low socioeconomic sta tus, and people from various genetic and
ethnic backgrounds.22 

Given the substantial prevalence of potent stroke risk factors, 
it is advisable to implement comprehensive prevention strategies 
aimed at the general population. Systematic screening improves 
the identification of risk factors, yet uncertainties persist regarding
the beneficial influence of screening on clinical outcomes.23,24 

Opportunistic screening and screening of high-risk populations 
for atherosclerotic cardiovascular disease based on individual 
risk assessment t ables—such as the Systematic COronary Risk
Evaluation25 or Stroke Riskomet er,26 which use risk factors like 
blood pressure, blood glucose and lipids—enhances det ection
rates and is recommended.27,28 Opportunistic screening should 
also be considered in patients with diagnosed covert infarcts and 
covert cerebral small vessel disease (SVD) who do not exhibit overt 
neurological symptoms. These patients typically have a higher
prevalence of traditional cardiovascular risk factors and events.29
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Table 2 Key policy and healthcare recommendations for stroke prevention targeting major modifiable risk factors at the population and healthcare system 
level.  

Risk factor Recommendations for ac tion

Smoking • Encourage national governments to impose annual above-inflation rate tax increases on tobacco product s. 
• Restrict sales of tobacco products and ban all tobacco advertising and sponsorship including electronic cigaret tes. 

Electronic 
cigarett es

• Support measures to ban the sale of e-cigarettes to minors, all advertising and sponsorship and all flavours apart from tobacco 
and disposable vapes, along with plain packaging of e-cigarettes and specific t axes on e -liquids.

Alcohol • Encourage national governments to enact and enforce restrictions on the physical availability of re tailed alcohol (via reduced 
hour s of s ale).

• Increase excise taxes on alcoholic beverages and ban advertising across multiple types of media. 
Diet • Adopt national policies to reduce population salt/sodium consumption, limit saturated fatty acids and red meat and elimina te 

trans fatty acids in the food supply .
• Policies could include health-based taxing and pricing support for he althy food product s. 

Obesity • Halt the rise of obesity in populations as a crucial target in stroke prevention. 
Physical activity • Address the importance of sufficient physical activity (at least 150 min/week) in stroke pre vention.
Elevated blood 
pr essure

• European national medical professional societies should commit to and adhere to recommendations for managing blood 
pressure in patient s with hypert ension.

Dyslipidaemia • European national medical professional societies should commit to and adhere to recommendations for managing 
dyslipidaemia.

Psychosocial 
factor s

• Stress symptoms and psychosocial stressors modify CVD risk .27 

• Assessment of these stressors, including depression, anxiety and insomnia, should be c onsidered. 
Diabetes • Actively employ non-laboratory risk scores for screening T2DM risk (SCORE2-Diabe tes). 

• Individuals with elevated scores should undergo assessments for glycemia and CVD risk f actors and ensure op timal pr evention.
Atrial fibrillation • European national medical professionals should follow recommendations concerning screening for atrial fibrillation and 

prevention of embolic events in patients with atrial fibrilla tion.
Kidney diseases • Emphasise the availability of therapeutic agents that effectively reduce albuminuria and mitigate CVD risk. 

• Healthcare providers should consider incorporating these agents into comprehensive care plans. 
Air pollution • European states should commit to WHO air quality guidelines,31 which recommend levels and interim targets for particulate 

matter and other common air pollutants, nitrogen dioxide (NO2), sulphur dioxide (SO2)  an  d  ozone  (O3) deriving from outside as 
well as household air pollution.

Risk factor modific ation

Ample evidence indicates that treating cardiovascular risk factors 
reduces stroke risk.30 However, target levels in primary prevention 
are less strict than in secondary prevention, vary with comorbidi-
ties such as diabetes and active smoking and may differ by sex.27 

Further details are given in Table 2. 

State of current ser vices

Effective population-wide and high-risk prevention strategies dif-
fer throughout Europe, emphasising the importance of applying 
both approaches. Moreover, modifiable stroke risk f actors and
levels of awareness vary widely across European populations.1 

According to SST data established by SAP-E, 20 countries of SAP-
E implemented a strategy for interventions promoting a healthy
lifestyle and risk factor control in 2022 (Figure 1) compared with 
15 in 2021 and 11 in 2020.31 

Despite the potential to save lives and reduce healthcare costs, 
the WHO’s recommended “NCD Best Buys” addressing tobacco, 
alcohol, diet and physical activity are inadequately implemented. 
An updated list of “NCD Best Buys” in 2023 provides more
policy options and cost-effective interventions for governments
to prioritise investments.32 While all European countries have 
ratified the WHO Framework Convention on T obacco Control,
implementation varies.33 A notable disparity exists between 
guideline-recommended risk-factor control and actual stroke 
prevention in the real world. Even with widespread access and 
healthcare coverage, a study found that 80% of people diagnosed 
with ischaemic stroke had at least 1 untreated or inadequately
treated medical risk factor such as hypertension, hyperlipidaemia
or AF.34 

Research and development: t op 5 priorities

1. Research on population strategies of stroke prevention at 
a governmental level and how to measure their efficacy— 
he alth economic approach and sustainability of those pro-
grammes.

2. Evidence on precision lifestyle medicine and precision 
medicine in preventing str oke.

3. Evidence to assess the benefits and potential harms of 
screening for stroke and stroke subtypes/aetiologies and 
cardiovascular disease risk factors in diverse populations, 
considering various approaches such as systema tic and
opportunistic screening.

4. Evidence on the effectiveness of digital health approaches in 
improving adherence with primary prevention interventions 
and their outcomes in s troke pr evention.

5. Research on psychosocial factors and mental health con-
cerning the risk and outcome of s troke.

Targets for 2030: t op 5 priorities

1. Reducing the age- and sex-standardised incidence of stroke 
by more than 15% by 2030 compared with 2018 (this is 
updated from the previous t arget to reduce total number 
of s trokes by 10%).

2. Fully implementing national strategies for multi-sectorial 
public health interventions promoting and facilitating a 
healthy lif estyle and risk factor c ontrol (KPI 3a).

3. Having key stroke risk factors—hypertension, dyslipidaemia, 
AF and hyperglycaemia—detected to the highest proportion 
and having people with high risk factors c ontrolled, aiming 
at 80% of persons in target levels.
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Figure 1 Countries are categorized according to color as follows: Green (Norway, Finland, United Kingdom (England, Scotland, Wales), Ireland, Spain, 
Portugal, Ukraine, Estonia, Latvia, Bulgaria, Armenia, Azerbaijan); Red (Iceland, Sweden, Denmark, Germany, Poland, France, Romania, Greece, Cyprus, 
Israel, Georgia, Lithuania, Belgium, Netherlands, Austria, Czech Republic, Slovakia, Hungary, Slovenia, Croatia, Bosnia and H erzegovina, Serbia, North 
Macedonia, Albania); Grey (Russia, Belarus, Italy, Switzerland, Turkey, Kazakhstan, Montenegro, K osovo, Malta, Moldova, Kyrgyzstan).

4. Implementing plans to promote brain health plans, 
including a focus on stroke-specific risk f actors across the 
life c ourse (KPI 3b—new)

5. Implementing pathways for nationwide opportunistic 
screening strategies for key risk factors, including hyperten-
sion, dyslipidaemia, hyperglycaemia and AF (KPI 3c—new).

Organisation of acute stroke services

Organisation of stroke services is crucial to provide optimal treat-
ment at every stage of care—from prevention to acute treatment 
to long-term care. Although specific stroke services are present 
in most European countries, ther e is significant variability in the
practical application of treatment guidelines; adherence to quality
indicators35,36; and definitions, requirements and use of terms. To 
be pragmatic, we use the descriptive terms “organised stroke unit 
care” and “acute str oke services.”

State of the art

Stroke awareness programmes on recognising stroke signs for 
the general public positively influence fast admission to acute 
stroke treatments but require regular repetition to maintain long-
term effectiveness.37–42 Organisation of stroke care—from the pre-
hospital phase to life after stroke—is key, as acute stroke treatment 
is very time sensitive, while later interventions, including rehabili-
tation and follow-up, need to be made available to many patients. 
Organisation of care should follow a defined national (or regional) 

stroke pathway and be based on a national stroke plan that covers 
the entire pa tient pathway.

Adequate training of emergency medical services (EMSs) 
personnel and dispatchers and the use of validated pre-
hospital stroke identific ation tools improve stroke recognition
and transport time,43,44 and digital solutions supported by 
artificial intelligence have the potential to further improve patient 
assessment and interaction between prehospital and in-hospit al
stroke care teams.45–48 Pre-notification of patient arrival to a 
multidisciplinary stroke team leads to short er delays and more
rapid management.49,50 

Patients with acute stroke must be delivered to a hospital that 
provides an acute stroke service—including intravenous throm-
bolysis (IVT)—based on local organisation and geography. These 
hospitals should ensure that patients with suspected stroke have
rapid and continuous access to vascular brain imaging,51 allowing 
for work-up according to the individual patient’s needs and best 
evidence according to guidelines. In RCTs, there was no bene-
fit of direct transportation to a mechanical thrombectomy (MT)– 
capable centre for patients with LVO, but harms were observed 
in the subgr oup of patients with ICH, in whom bypassing the
closest stroke centre may result in reduced chances of functional
independence at 90 days.52 The acute interventions IVT and MT 
are used more frequently and with higher quality in high-volume
centres.53 

Different modes of overcoming geographical challenges in 
access to acute stroke care have been explored. Helicopter
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Figure 2 Countries are categorized according to color as follows: Green (Norway, Sweden, Finland, Denmark, United Kingdom (England, Scotland, Wales), 
Spain, Portugal, Austria, Switzerland, Slovenia, Hungary, Lithuania, Armenia, Georgia); Orange (Ireland, Germany, Ukraine, Romania, Bulgaria, Greece, 
Latvia, Estonia, Czech Republic, Slovakia, Croatia, Serbia, Bosnia and Herzegovina, Montenegro, North Macedonia, Albania);, Red (Iceland, France, 
Poland, Belgium, Netherlands, Cyprus, Israel, Az erbaijan); Gray (Russia, Belarus, Italy, Turkey, Kazakhstan, Malta, Moldova, Kosovo, Kyrgyzstan, Monac o).

transportation may be useful in specific settings, including rural, 
remote and intermediate-density areas.54–57 The concept of 
delivering personnel and equipment to the patient via mobile 
stroke units (MSUs) compared with usual care has led to earlier 
treatment, a significant increase in excellent out comes and a
reduction in onset-to-treatment times for IVT in urban areas.58–60 

In remote areas, telemedicine is feasible and leads to improved 
acute stroke treatment, facilitating patient triage, accommodating 
IVT delivery and orchestrating drip-and-ship models or on-site MT 
with a flying (or driving) intervention team.61–69 

A critical element of every stroke care system is a network 
of organised stroke units with complete geographical coverage 
and sufficient capacity to treat all stroke patients. Admission to 
organised stroke unit care as the first level of care is crucial to 
prevent complications and initiate early prevention and rehabili-
tation. Treatment in dedicat ed stroke units reduces the risk of dis-
ability, institutional care and death, regardless of age, sex, initial
stroke severity and stroke type.70–73 

State of current ser vices

Although significant progress has been made, there is still 
considerable inequality in the organisation of stroke care in 
Europe, as shown by recent ESO studies assessing delivery
of stroke care.74,75 Detailed and current information about 
the organisation and results of stroke care—from acute care 
through rehabilitation and life after stroke—is still lacking in many 

countries. In most European countries, a national stroke society 
supports coordination of stroke services and fosters quality
improvements in stroke care.76 

According to 2022 SST data, 17 of 42 countries had established 
a national stroke plan, which is significant progress compared to
11 in 2021 (Figure 2) but still less than half of European coun-
tries.77 Close national collaborations between governments, SSOs 
and scientific societies must be built to set up comprehensive 
national stroke plans and ensure funding and implementation. In 
two-thirds of European countries, patient representatives are now 
involved in the development of na tional stroke plans and guide-
lines; however, patient involvement is still lacking in 14 coun-
tries.31 The target of access to stroke unit care within 24 h of 
onset as the first level of care in at least 90% of patients was only 
reached by 7 countries. Few countries monitor the timing of access 
to stroke unit care in spite of the time -sensitive nature of this
intervention. Only 6 countries reported access for at least 75% of
patients within 24 h.31 

Most countries have an EMS system with regional organisation 
and written protocols for acute stroke. An increasing number 
of countries use pre-hospital notification of hyperacute stroke
care,76 which is associated with better post-stroke outcomes. 
Training for EMS may improve pre-hospital stroke recognition 
and transport time; however, only limited information on the 
status of pre-hospital c are in the various countries is available, and
significant disparities still exist globally.45,78,79 Many countries do
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not have obligatory transport routes to the closest suit able stroke
hospital.80 

Although stroke symptoms and the importance of immediate 
action have repeatedly been communicated to the public, 
public education campaigns aimed at improving help-seeking 
behaviour by acute stroke patients until recently have achieved 
only limited effects. Awareness is still unsatisfactory among 
the general population, as only about 50% of the population 
would immediately call an ambulance. Future public education
campaigns should focus on the need to call the EMS in case of
stroke symptoms, even if daily activities do not seem to be severely
impaired.81,82 

The crucial impact of time in acute stroke—whether acute 
ischaemic stroke or ICH—has constantly been stressed,83 but 
fewer than 10% of stroke patients reach the hospital within 60 min 
of symptom onset. In many countries, the time interval between 
onset of symptoms and arrival at the emergency department 
(ED)—onset-to-door (OTD) time—has not changed significantly 
over time; however, data are v ery limited. In some countries, OTD
times have worsened in recent years due to pressures on EMS
services.

Several countries have built a nationwide network of hospitals 
with stroke units or stroke centres following written protocols. 
However, no complete information on definitions of stroke units
and comprehensive stroke centres in these countries is available.

Only a few countries have established a continuous, permanent 
and sustainable quality improvement system with a predefined 
set of criteria that are regularly measured and compared with 
benchmarks to identify gaps and needs in stroke care. Further
details are provided in Domain 7: “Evaluation of Outc omes and
Quality Improvement.” 

Reimbursement structures for stroke care and, in general, costs 
related to each stage of stroke (primary prevention, acute stroke 
and post-stroke) are highly variable between European countries, 
leading to gaps in the quality of care in some countries. This 
variability may be due to differences in cost factors, which are con-
sidered the monetary value, the services offered by each health
system and data access.84 Furthermore, diagnosis-related group 
(DRG)–based payment systems, which have become the main 
mechanism for reimbursement of acute inpatient care, can be 
inadequat ely low (or high) for highly variable, highly specialised
and/or low volumes of care.85 In-depth research is needed to 
understand this issue better, as well as to understand the defini-
tion of a standard schedule for assessing costs of stroke to obtain 
comparable data and to understand the combination of DRG-
based payments with other reimbursement mechanisms, such as
outlier payment adjustment, exclusion of highly complex patients,
various forms of additional budgets and fee-for-service payments.

OECD describes a health workforce crisis and reports that 
education and training remain the most important direct policy 
tool for building the health workforce. Insufficient availability 
of adequately trained staff—ie, interventionalist, neurologist, 
nurses and therapists—may be a limiting factor in providing and
improving stroke care and education, recruitment and training
must be included into planning of future stroke care.86 

Research and development: t op 5 priorities

1. What are the most relevant barriers to the implementation of 
evidence-based stroke ca re? 

2. What is the health-economic impact of stroke and the return 
of investment in stroke care? Which are the most cost-
effective concepts to improve organisation of str oke care 
in countries with limited resources?

3. What are the optimum numbers and ratios of stroke centres 
and stroke units per million population for municipal and 
rural areas?

4. What is the role of telemedicine systems for acute stroke, 
rehabilit ation and long-term c are?

5. What elements are needed to enable more effective partici-
pation in decision-making among patients and r elatives?

Targets for 2030: t op 5 priorities

1. Implementing a national stroke plan that defines pathways, 
care and support after a stroke, including pre-hospital phase, 
hospital stay, discharge and transition, follow-up and life 
after stroke. These pathways should involve the public and 
should be adaptable to regional circumstances to ensure 
equal access t o stroke care, regardless of patient age, char-
acteristics, region and time of hospitalisation (KPI 1).

2. Establishing a scientific stroke society and SSO in each coun-
try. 

3. Having at least 1 individual from the respective SSO equally 
involved and supported during the development of each 
country’s na tional stroke plan and stroke-relat ed guidelines
(KPI 2).

4. Treating 90% or more of all patients with acute stroke in 
Europe in a str oke unit as the first level of care (KPI 6a).

5. Treating 90% or more of all patients with acute stroke in 
Europe in a stroke unit within 24 h after admission to hospital 
as the first level of c are (KPI 6b).

Management of acute s troke

State of the art
Ischaemic strok e
Acute stroke is a medical emergency. The benefit of recanalisa-
tion therapies in patients with acute ischaemic stroke is strongly 
time-dependent, with earlier intervention achieving better out-
comes.87 Stroke care systems should, therefore, minimise the time 
to assessment and initiation of treatment .88,89 Pre-hospital stroke 
management and organisation of acute stroke care are covered in 
Domain 2: “Organisation of Acute Stroke Services.” 

Hospital admission 
All patients with suspected stroke should be admitted to hospital 
for assessment and included in the stroke network , with access
to stroke expertise (see Domain 2: “Organisation of Acute S troke
Services”). Patients should be admitted to a stroke unit in a hospi-
tal with a defined rapid pathway for acute stroke management and 
staff with expertise in acute stroke care; admission to an organised 
stroke unit should be the first level of care. To discriminate 
ischaemic and haemorrhagic stroke and exclude other structural 
causes of the patient’s symptoms, immediate brain imaging with 
non-contrast C T or (MRI: DWI, thick-/thin-section susceptibility-
weighted imaging, FLAIR) should be performed in patients with
ongoing symptoms.90 For patients arriving with an unknown 
time of onset within 6–24 h and potentially eligible for IVT or MT, 
MRI ± MRA ± MRI perfusion or CT + CTA + CTP imaging should be
performed. Basic tests are presented in Table 3.
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Table 3 Recommended diagnostic investigations in patients with suspected or confirmed stroke, stratified by stroke type and underlying aetiology. The 
table outlines core assessments performed in all patients.

Stroke type Aim Investigation 

All Ischaemic vs haemorrhagic • Admission CT ± CTA, or MRI ± MRA 
Neurological status • Stroke severity rating scale (eg, National Institutes of Health Stroke Scale) 
Vital measures • Blood pressure, weight/body mass index 
Blood tests and ECG • Lipids, glucose, HbA1c, coagulation, eGRF and electrolytes, full blood count, EC G
Lifestyle risk factors • Targeted interview (smoking, alcohol, diet, physical activity and other lifestyle 

risk fac tors) 
Ischaemic/TIA Large artery stroke • Admission brain and vascular imaging (CTA, MRA, Doppler ultr asound)

Small vessel stroke • Admission brain imaging 
Atrial fibrillation • ECG and prolonged rhythm monitoring 
Embolic stroke • Echocardiography (TTE/TOE) and consider other major embolic sourc es 

• In patients with likely central embolism (no lacunar or large artery features, 
including non-stenosing plaques), cardiac echocardiography (TTE and T OE when 
indicated) and prolonged ECG monit oring should be performed.

• Right-to-left shunt can be screened using T CD91 

Dissection • Admission vascular imaging 
• CTA, Doppler and/or MRI, with wall haematoma op timised. 

ICH • Intracranial CTA; digital subtraction angiography if appropriate, MRI with GRE or 
SWI sequences. 

• Consider additional imaging based on suspected aetiology (eg, b lood-sensitive 
MRI, CVT protocol)92 

Abbreviations: CT = computed tomography; CTA = computed tomography angiography; MRI = magnetic resonance imaging; MRA = magnetic resonance angiography; 
NIHSS = National Institutes of Health Stroke Scale; ECG = electrocardiogram; HbA1c = glycated haemoglobin; eGFR = estimated glomerular filtration rate; 
TTE = transthoracic echocardiography; TOE = transoesophageal echoc ardiography; TCD = transcranial Doppler ultrasound; GRE = gradient recalled echo;
SWI = susceptibility-weighted imaging.

Intravenous thr ombolysis

The earlier treatment with IVT is initiated, the greater the benefit, 
irrespective of age and stroke severity. Timely restoration of blood 
flow through IVT improves outcomes after str oke (number needed
to treat [NNT] 5–9).93 

IVT should be given within 4.5 h from symptom onset and in 
patients with unknown onset (wake-up p atients) if there is a mis-
match on the MRI.94 Special patient groups, including those with 
contraindications and those outside traditional time windows, 
may still benefit from these treatments under specific conditions
based on individualised assessment.93 Tenecteplase (0.25 mg/kg, 
maximum 25 mg) is non-inferior to alteplase (0.9 mg/kg, maxi-
mum 90 mg) and is easier to administer as it is given as a bolus. 
In addition, recanalisation rates after MT in patients with LVO and 
time of sympt om onset < 4.5 h were increased in patients treated
with tenecteplase compared to those treated with alteplase.93 In 
patients with basilar artery occlusion (BAO), IVT is r ecommended
for up to 24 h.95 

Mechanical thrombect omy

In patients with anterior circulation LVO, MT is recommended 
within 6 h after stroke symptom onset (NNT 3). It should be 
offered for up to 24 h, depending on clinical or imaging evidence
of salvageable brain tissue and collaterals in patients living
independently.90 In patients with LVO, IVT is recommended before 
initiation of MT within the first 4.5 h after symptom onset. Large-
core ischaemic stroke was excluded from early trials, but r ecent
studies showed a significant benefit of MT in this subgroup of
patients.90 For posterior circulation ischaemic stroke with BAO, 
MT showed an overall benefit up to 24 h for patients with at least 
10 NIHSS points. However, MT is futile for patients with distal or
medium vessel occlusion.95–97 

Transient ischaemic at tack

Prompt acute assessment, including imaging of extra- and 
intracranial vessels and relevant secondary prevention, should 
be provided in patients with TIA. In most c ases, this will translate
into the same work-up as performed in ischaemic stroke.98 

Spontaneous ICH 
Stroke unit care is at least as beneficial in patients with 
spontaneous ICH as in patients with ischaemic stroke and should
thus be provided as soon as possible.99 In acute ICH, blood 
pressure should be lowered to systolic blood pressure at or below 
140 mmHg as fast as possible and within 6 h. Blood-pr essure
lowering should be maintained for up to 7 days.100 In lobar 
ICH, early clot removal by minimally invasive surgery performed 
in centres with low complication r ates improves outcomes in
selected patients.101 Decompressive craniectomy in people with 
severe deep ICH may be considered102 to reduce mortality. In oral 
anticoagulant–related ICH, reversal agents have shown benefits 
in reversing iatrogenic coagulopathy and reducing haematoma
expansion and so should be considered.103 Platelet suspension 
increased the risk of poor outcomes in patients with ICH on
antiplatelets in 1 RCT.104 

Subarachnoid haemorrhag e
In patients with subarachnoid haemorrhage (SAH) caused by a 
rupture of an intracranial aneurysm, the primary goal is preven-
tion and treatment of complications such as rebleeding, delayed 
cerebral ischaemia and hydrocephalus. These patients should 
be admitted to a unit with expertise in treatment of SAH. The 
risk of rebleeding can be reduced by occlusion of the aneurysm
through coiling or clipping techniques; coiling is preferred in cases
where both treatment options seem equally feasible. Nimodipine
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Figure 3 Countries are categorized according to color as follows: green—Norway, Sweden, Denmark, Germany, Poland, Italy, United Kingdom (England 
and Wales), Ireland, Estonia, Latvia, and Lithuania; orange—Iceland, Spain, Ukraine, Croatia, Montenegro, and Armenia; red—Finland, Belarus, Romania, 
Bulgaria, Greece, Cyprus, Israel, Georgia, and Azerbaijan; gray—France, Russia, T urkey, Kazakhstan, Kyrgyzstan, Serbia, Bosnia and Herzegovina, North 
Macedonia, Albania, Kosovo, Moldov a, Malta, and Monaco.

reduces the risk of delayed cerebral ischaemia and increases the 
chanc e of a favourable outcome.105 Early short-term treatment 
with tranexamic acid to reduce the risk of recurrent SAH befor e
closure of the aneurysm has not shown benefit.106 

Stroke unit c are

All patients with ischaemic stroke or ICH benefit from special 
attention and organised care within a designat ed stroke unit
to prevent poor outcomes (NNT 16).107 Organised stroke unit 
admission should be the first level of care, ideally immediately 
after arrival at the hospital. Systematic assessment components 
should include swallowing, temperature, nutrition, bowel 
and bladder function, skin breakdown, mobility , functional
assessment and venous thromboembolism (VTE) prophylaxis.
Swallowing tests should be performed in all patients as soon
as possible,108 and VTE prevention should be provided in 
immobilised patients.109 Glycaemic control in non-diabetic 
patients110 and temperature control111 should not be delivered 
to improve outcomes after stroke. Immediate initiation of 
antiplatelet drugs is beneficial for preventing stroke recurrence 
in patients with ischaemic stroke not rec eiving IVT/MT; more
information on initiation of secondary prevention is found in
Domain 4: “Secondary Prevention and Follow-up.” Antiplatelet 
drugs should be started immediately in patients with ischaemic 
stroke; in case of IVT or MT, antiplatelet drugs should be initiated
within 24 h.112 Stroke unit care should not be withheld from 
patients with uncertain rehabilitation potential.113 

State of current ser vices

Based on the 2022 SST data, IVT rates have increased yearly since 
2020 in all regions of Europe. In total, 16 of 35 countries belonging 
to all regions of Europe with available national data report IVT 
rates above 15% (based on patients with ischaemic stroke), and 
7 countries report rates above 20%. However, significant inequity 
remains, as 11 countries report rates at 9% or less and 4 coun-
tries even less than 5%. Seventeen countries were not able to
report relevant national IVT data (Figure 3). The total number of 
IVT treatments reported by 33 countries in 2022 was 128,506 of 
899334 ischaemic strokes. That is an IVT rate of 14.3% in Europe. 
IVT treatment is initiated earlier on a pan-European scale. In 2022,
10 countries reported national door-to-needle times shorter than
30 min.

In 2022, 5 countries provided MT to at least 10% of patients 
with ischaemic stroke; 17 countries were in the 5%–9% range. 
This development continues the significant increase in the use 
of MT observed in the 2021 SST dataset. However, in 12 coun-
tries, the rate of MT is below 5%. The total number of MT treat-
ments reported by 33 countries in 2022 was 59,178 of 899,334 
ischaemic strokes, ie, an MT rate of 6.6% in 35 European countries 
reporting data. Seven SAP-E countries reported reaching the tar-
get of median door-to-groin times below 60 min. Eleven countries 
reported 30-day case-fatality rates for ICH in the 2022 SST data.
The reported range from countries with data based on national
registry or national reimbursement data is 27% (Denmark) to 51%
(Latvia). Eight countries reported 3-month mortality in the 2022
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SST data. The lowest reported rate was 32% in Sweden, and the
highest was 50% in Moldova.

Research and development: t op 5 priorities

1. How can the speed, safety and effectiveness of reperfusion 
approaches (drugs or devices) be optimised in Europe?

2. Which pharmacological or other strategies will reduce the 
extent of irreversible brain damage in ischaemic stroke 
patient s before recanalisation therapies are started?

3. Which strategies will improve outcomes in ischaemic stroke 
patients who are not eligible for reperfusion therapies or who 
do not recover after recanalisa tion?

4. Which treatment strategies will improve outcomes in 
patients with ICH: haemostatic and surgical approaches, 
prevention of secondary injury and intensive and tailored 
blood pr essure management?

5. Which treatment strategies will further improve outcomes in 
patients with SAH by r educing brain injur y?

Targets for 2030: t op 5 priorities

1. Achieving national IVT rates above 20% of all patients with 
ischaemic stroke (KPI 7a).

2. Achieving national MT rates above 7.5% of all patients with 
ischaemic stroke (KPI 7b).

3. Median door-to-needle time <30 min in MT (KPI 7c) and 
median door-to-groin <60 min in IVT (KPI 7d—new).

4. First-month case-fatality rates <15% for all stroke patients 
(KPI 13a—new).

5. First-month case-fatality rates <10% after ischaemic stroke 
(KPI 13b—new), first-month case-fatality rates <30% for ICH 
(KPI 13c—new), and first -month case-fatality rates <25% f or
SAH (KPI 13d—new)

Secondary prevention and f ollow-up

Early initiation of secondary prevention on arrival to hospital with 
a stroke is essential, as it can reduce recurrent stroke, cognitive 
decline, mood disturbances, fatigue, poor quality of life, other vas-
cular events and associated functional impairment and mortality
after stroke or TIA.

State of the art

Following diagnosis of ischaemic stroke or TIA, the aetiology (large 
artery disease, cardio-embolism, SVD and rare causes) should 
be identified, considering the possibility of multiple concurrent
causes in the same individual (Table 3). This approach allows 
treatment with appropriate secondary pre ventive strategies
(Table 4). Surgical or radiological procedures indicated for 
secondary prevention—such as carotid endarterectomy and 
stenting, closure of atrial septal defects and patent foramen ovale 
and atrial appendage occlusion—are highly operator dependent. 
Success rates depend on proper mentoring and tr aining, as well
as an adequate number of procedures being performed each year
and should be monitored.

A similar approach should be taken for diagnosis of ICH, which 
may be lobar (often due to cerebral amyloid angiopathy) or deep 
(typically related to hypertension) but may also be related to rup-
ture of an aneurysm, arteriovenous malformations or other aeti-
ologies, including bleeding diathesis.

Patients require long-term follow-up to monitor adherence with 
therapy. Typically, this is undertaken in the community, but home-
based point-of-care devices and wearables may improve follow-
up data collection. Most patients benefit from investigations and 
preventative interventions after a stroke or TIA, and advanced 
age is not a contraindication. However, patients with significant 
frailty, dementia or dependency might be spared some prevention 
strategies by taking int o account their wishes and those of their
families. Structured follow-up can not only improve an individu-
alised approach but is cost-effective.120 

State of current ser vices

Provision of secondary prevention services for stroke varies widely 
across Europe, and guidelines for cardiovascular therapies ar e
inconsistently implemented.91 This indicates an urgent need for 
more accurate monitoring and reporting of secondary pre vention
across Europe, benchmarked against current KPIs.

Even now, more than 60% of people with a stroke have 
hypertension, but fewer than 50% of these have adequate blood-
pressure control despite high rates of treatment initiation. Only 
one-third of people after stroke are estimated to have their blood 
pr essure and cholesterol managed to recommended targets, and
long-term adherence with preventative strategies is low92,114 

despite an increasing number of drugs to help control blood 
pressure and cholesterol. Further issues concerning access to 
treatments include speed of access to carotid endarterectomy or 
stenting, closure of patent foramen ovale or atrial septal defect,
left atrial appendage occlusion and long-term cardiac monitoring
to detect AF.

Preventative treatments are likely to become increasingly com-
plex and directed to more specific groups of patients. Research 
into models of delivery of secondary prevention that will lead to 
Europe-wide standards for secondary pr evention comparable to
those for acute stroke treatments is needed.

Initiation and adherence with secondary prevention (pharma-
cological and non-pharmacological) are monitored by quality and 
outcome control pr ogrammes in only a few countries.

Basic secondary prevention is defined in the SST as at least 90% 
of patients with an indication having access to antithrombotics, 
antihypertensives, statins and lifestyle advice. Data were based 
on an estimate in almost all countries, and many countries did 
not feel confident enough to provide an estimate. Only 8 SAP-
E countries reported in the 2022 SST data that access to 3 of 
the 4 interventions was provided to more than 90% of all stroke
patients based on registry data. The situation was best regarding
antithrombotics, whereas lifestyle advice seems to be given insuf-
ficient attention.

Research and development: t op 5 priorities

1. Can access and adherence to secondary prevention be 
improved? (Specific attention to new technologies and 
approaches, as well as poorly represented underserved 
groups and long-term follow-up)

2. Can secondary prevention be personalised (eg, through 
biomarkers and genetic da ta)?

3. Can we identify specific interventions and approaches that 
reduce the progression of SVD and its clinic al outcomes, 
including stroke and cognitive decline?

4. Have improvements in best medical therapy changed the 
threshold f or carotid intervention?
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Table 4 Recommended secondary prevention interventions after stroke or transient ischaemic attack (TIA), stratified by stroke subtype and underlying

mechanism.

Stroke type Intervention 

All • Primary prevention measures are applicable to secondary prevention; please ref er to domain on primary 
pr evention. 

• Treat high blood pressure initially with a combination of 2 antihypertensives considering the potential risk 
of  hypo  tension  in  some  g  roups.  

• Treatment target 130/80 mm Hg. 
• Treatment of diabetes should include glucose-lowering agents with proven cardiovascular benefit to 

reduce the risk of future major adverse cardiovascular event s.114,115 

• Sex-specific differences exist related to menopause and andropause, eg, certain types of 
hormone-replacement therapy may i ncrease the frequency and severity of stroke. 

• Consider associations (hormonal birth control, migraine with aura, smoking ).116 

Ischaemic stroke/TIA • Antiplatelet therapy for non-cardioembolic stroke: aspirin and clopidogrel for 3 weeks in acute minor 
str oke and high-risk TIA, then monother apy or aspirin and dipyridamole. 

• Lipid lowering with a statin, ide ally at maximum dose. 
• In patients with TIA stroke and evidence of atherosclerosis treatment, target LDL cholesterol < 1.8 mmol/l, 

which may require addition of other agents, including ezetimibe or injec table therapies (PCSK9 inhibitors, 
inclisiran) to reach target. 

• If statins cannot be tolerated, ezetimibe and bempedoic acid may be required to reach t arget LDL 
cholesterol level of <1.8 mmol/l. 

Large artery disease • CEA or carotid stenting for symptomatic carotid stenosis (>50%) (NASCET score) when appropriate, as 
soon as the patient is stable and within 2 weeks.117 

Cardioembolic stroke • In AF, DOAC is the first line of treatment; VKA is second line.118 

• Device closure of P FO119 with a moderate to large shunt or an atrial septal aneurysm reduces recurrent 
events in patients < 60 years. 

• LAAO can be considered in some patients with AF when anticoagulation is indic ated but not toler ated. 
• Collaboration in a neurocardiology setting is advisable for optimal patient s election for the pr ocedures. 

Lacunar stroke • Optimise control of blood pressure, blood glucose, lipids and antiplatelet therapy. 
Other determined aetiology • Includes, among others, cervical artery dissection, cerebral venous thrombosis, recreational drugs and 

hereditary causes and requires specific investigation and tr eatment (in addition to treatment as defined in 
“All” above). 

Intracerebral haemorrhage • Treating hypert ension 
• Modifying all other vascular risk factors and lifestyle (as above). 

SAH • Stopping smoking, moderate alcohol intake and tre ating hypertension (as above). 
• Non-invasive screening for first-degree family history if 2 or more first-degr ee relatives are aff ected. 

Abbreviations: AF = atrial fibrillation; CEA = carotid endarterectomy; DOAC = direct oral anticoagulant; LDL = low-density lipoprotein cholesterol; LAAO = left atrial 
appendage occlusion; PCSK9 = proprotein convertase subtilisin/ke xin type 9; PFO = patent foramen ovale; VKA = vitamin K antago nist.

5. What is the optimal treatment strategy in patients with 
AF and a significant risk factor for haemorrhagic str oke (eg, 
previous haemorrhage or cerebr al amyloid angiopathy)?

Targets for 2030: t op 5 priorities

1. Including secondary prevention in national stroke plans, 
with follow-up in primary/community care, and ensuring/ 
stimulating translation into local protoc ols and guidelines.

2. Ensuring that initiation of basic secondary prevention is 
monitored in quality and outcome assessment programmes. 

3. Ensuring that at least 90% of patients have access to 
basic secondary prevention, including antithrombotics, 
antihypertensives and statins, as well as lifestyle advice, 
and that this is monitored (KPI 10).

4. Ensure that at least 90% of the stroke population is seen 
at a 3–6-month post-stroke follow-up visit (KPI 12a); this 
can be done by the discharging stroke unit or the general
practitioner.

5. Implementing a post-stroke checklist to follow up on sec-
ondary prevention, as well as other factors of life after stroke 
(KPI 12b).

Rehabilitation 
Stroke is the leading cause of new severe disability in adults, 
affecting daily activities and quality of life. The WHO defines reha-
bilitation as “a set of interventions designed to optimise func-
tioning and r educe disability in individuals with health conditions
in interaction with their environment.”115 Rehabilitation aims to 
enable individuals to live independently and participate in educa-
tion, work and community life.

Moreover, patients and carers must be involved in decision-
making processes and need relevant and understandable 
information about stroke, rehabilitation, planned discharge and
follow-up.116 

State of the art
Early stroke unit r ehabilitation

Acute stroke care, skilled nursing and specialist rehabilitation in 
stroke units reduce mortality and disability independent of stroke
type.53,70 Rehabilitation in a stroke unit involves occupational, 
physical and speech therapy, as well as support from psycholo-
gists, social workers, die ticians, orthoptists and orthotics, with a
multidisciplinary approach including family.70
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Rehabilitation should always be available in organised stroke
units117 and remains a cornerstone of stroke unit care. Early 
mobilisation prevents bed-rest deconditioning but should be 
tailored to individual needs. Patients should receive rehabilitation 
therapies (most frequently physiotherapy, occupational therapy, 
speech language therapy and cognitive therapy) of appropria te
intensity and duration, individually designed to meet their needs
for optimal recovery and tolerance levels.118 Motor rehabilitation 
should be structured and tailored to provide as much scheduled 
therapy as tolerated. The training should be meaningful, 
engaging, progressively adap tive, intensive, task-specific and
goal-oriented to improve transfer skills and mobility,119 and an 
appropriate time for r estitution should be allowed.

Occupational therapy improves performance in activities of 
daily living (ADL) and functional mobility through evidence-
based strategies such as task-oriented training, self -management
strategies, mirror therapy and mental imagery.121 Early speech 
language assessment and intervention for post-stroke aphasia 
and dysarthria—frequently and with high doses of training—
are crucial to maximise language recovery.122 In patients 
with dysphagia, foods and drinks with modified consistency, 
exercises and optimised positioning for eating and drinking are
recommended to improve swallowing function.108 Early cognitive 
screening with further assessment and cognitive training is 
recommended in patients with cognitive deficits. Patients and 
their families and caregivers should have early and active 
involvement in the rehabilitation process, and the training should
always be meaningful, engaging and goal-oriented.118 

Rehabilitation after stroke unit discharge

Depending on a person’s needs and mobility, different modes of 
rehabilitation should be available, as domiciliary, day-case hos-
pital care and home-based care have been shown to improve 
independence in personal activities of daily living. A personalised 
tr ansition and rehabilitation plan on discharge is needed to ensure
continuity, describe rehabilitation needs and set targets.123 

Early supported discharge (ESD) offers an evidence-based alter-
native to continued inpatient treatment, especially in patients 
with mild-to-moderate stroke.124 Indeed, ESD applies to patients 
with mild-to-moderate neurological deficits and is defined by the 
rehabilitation being provided by or co-coordinated by a multi-
disciplinary team. Extra support after ESD showed increased sat-
isfaction with services and seems to reduce resource utilisation
(and save costs).120 While the optimal duration of rehabilitation 
varies due to stroke heterogeneity, evidence supports continued 
rehabilitation for at least 1 year. Continued ADL training at home
has shown benefits for up to 1 year after stroke.125 Long-term 
follow-up on functional status and rehabilitation needs is required 
to identify such needs. Follow-up should take place at least 3– 
6 months and using a pos t-stroke checklist to ensure quality by
standardisation.126,127 

State of current ser vices

The WHO made a call for action, “Rehabilitation 2030,”115 to 
address the significant rehabilitation needs across the world and 
the substantial lack of attention towards these needs shown by 
many governments. There is considerable variability in access 
to rehabilitation between and within European countries, likely 
reflecting differences in the organisation of stroke services, 
strategic approaches and available resources. Access to organised 

stroke unit care is still limited in many countries. In 2022, only 
11 countries provided acc ess to stroke unit care for at least 75%
of hospitalised stroke patients, and access is not monitored or
prompt in most countries. No positive developments have been
observed since 2021.

The target is access to stroke unit care as the first level of care in 
at least 90% of patients (KPI 6a). The extensive rehabilitation doc-
umented in trials is often absent: In 2022, only 13 SAP-E countries 
reported that early rehabilitation was provided in approximately 
90% of stroke units, with no increase in numbers since 2021 (KPI
9a). ESD is available in at least 90% of stroke units in 3 countries,
with no changes from 2020 or 2021 (KPI 9b).

The number and capacity of stroke units need to be increased 
to ensure that all patients have equitable access to early stroke 
unit rehabilitation. There is also a shortage of rehabilitation and
nursing staff with expertise in stroke and an understanding of
rehabilitation.

It is positive that provision of a transition and rehabilitation plan 
on discharge is increasing: In the 2022 SST data, 17 countries— 
compared to 14 in 2021—provided rehabilitation to at least 60% 
of patients (KPI 11). The lack of a transition and rehabilitation 
plan leads to delays in continuing rehabilitation in the community, 
limits access to post-stroke support and causes uncertainty for 
patients and carers about the immediate future after discharge. 
In 15 countries, stroke services within hospitals, communities and
other settings undergo quality auditing continuously or at regular
intervals (KPI 5), whereas the quality and outcome control in most
countries only covers the hospital sector.

National stroke plans (KPI 1) are needed to define continuity of 
care and the level of care to be provided and to ensure quality and 
outcome control in all sectors.

Research and development: t op 5 priorities

1. Developing evidence-based rehabilitation programmes 
based on timing, dosing, level, long-term duration and type 
of intervention.

2. Developing efficient management programmes for fatigue, 
anxiety and cognitive imp airments after str oke.

3. Designing clinical trials, defining how to reach maximal neu-
rological potential in each stroke patient. 

4. Documenting the potential benefit of maint enance tr aining.
5. Developing a post-stroke rehabilitation guideline defining 

best-prac tice rehabilita tion.

Targets for 2030: t op 5 priorities

1. Providing early stroke unit rehabilitation in at least 90% of 
stroke units (KPI 9a).

2. Providing ESD in at least 60% of stroke units (KPI 9b) (from 
the s troke unit or from a c ommunity service).

3. Providing a documented individual plan for community 
rehabilitation and self-management support for all stroke 
patients with residual difficulties on discharge from hospital 
to at least 60% of patients (KPI 11).

4. Ensuring that all stroke patients and carers have a review 
of their rehabilitation and other needs at 3–6 months after 
stroke and annually thereafter (KPI 12a and KPI 12b).

5. Involving and supporting stroke survivors and their carers 
during decision-making to ensure that they mak e informed 
decisions about their rehabilitation goals.

D
ow

nloaded from
 https://academ

ic.oup.com
/esj/article/11/1/aakaf026/8427109 by guest on 19 January 2026



European Stroke Journal, 2026, Volume 11, Issue 1 15

Table 5 Key illustrative facts highlighting the longterm impact of stroke on survivors and their families. The table summarises the prevalence of unmet 
needs, physical, cognitive and psychological consequences, effects on daily functioning, employment and sexuality, and the bur den experienced by 
caregivers, underscoring the broad scope of the life aft er stroke domain across all ages.

• Each survivor experiences an average of between 2 and 5 unmet needs.128 

• More than 6 in 10 survivors rely on support to help them with daily activities such as getting dressed, making meals or going to the shops.129 

• Post-stroke fatigue affects about 50% of survivors at some point after stroke.130 

• The prevalence of depression is about 30% up to 15 years after stroke.131 

• Risk of suicide attempt and death by suicide in survivors is about twice that of the general population.132 

• At any time after stroke, 1 in 5 survivors will also be living with dementia.133 

• One in 4 survivors is of working age; 1 in 3 will have to give up their j ob.129 

• More than half of survivors report sexual dysfunct ion.134 

• Caregivers, and other family member of survivors, have a high risk of developing a mental health condition.135 

Life after str oke

Life after stroke is about helping individuals navigate, adjust to 
and manage the long-term effects and outcomes of stroke. His-
torically seen as part of rehabilitation, this domain now stands as 
a distinct entity, while still acknowledging that these 2 domains 
are often closely intertwined and complementar y. Life after stroke
encompasses a wide range of issues and covers children through
to very old adults—all with different needs (see Supplementary 
File File 1). The effects of stroke are huge; key illustrative facts are
shown in Table 5. 

The focus is not merely on helping survivors cope with the life 
they are left with after a stroke but also on empowering them 
to live their best possible lives. This involves a holistic approach, 
encompassing tailored rehabilitation, psychological support and
social reintegration. By fostering resilience, independence and
quality of life, the aim is to transform surviving into thriving.

State of the art
Context 
“Life after stroke” is an emerging term, and authors are only begin-
ning to use this when classifying papers. Although this is improv-
ing, it makes identification of relevant data and evidence prob-
lematic in the short term. It is therefore still more difficult to 
define state of the art in this area, and this section covers specific
areas and interventions of interest; good practice examples will be
prospectively presented at www.strokeactionplan.org. 

Transition 
Discharge represents a challenging transition. Referrals to services 
vary widely, and there are no standardised guidelines, although 
interventions focused on discharge and transitional care could
likely improve outcomes and reduce readmissions.136 

Care plans should be completed in a timely manner before dis-
charge, and patients should be provided with personalised tran-
sition and rehabilitation plans on discharge. Where patients have 
ongoing rehabilitation goals, they should have access to relevant 
rehabilitation services. Access to re -evaluation and rehabilitation
is needed if rehabilitation status changes. Advanced care planning
should be in place and reviewed periodically.137 

Function 
Key issues include: 

• Secondary prevention (covered in Domain 4: “Secondary 
Prevention and Follow-up”). 

• Post-stroke pain has different causes, including central pain, 
spasticity and shoulder pain; its treatment r equires an indi-
vidual approach to management.138 

• Emerging evidence on maintaining function suggests mainte-
nance training and physical fitness programmes can reduce 
functional decline and offer potential for improvement139; 
however, larger studies are needed to identify the best 
appr oaches.

• In post-stroke fatigue, underpinning evidence for clinic al 
approaches is lacking,140 although several areas show 
promise. There is now an agreed definition to guide future 
research.141 

• Botulinum toxin can be used in rehabilitation of upper limb 
spasticity,142 and other interventions, including extracorpo-
real shockwave therapy, may provide relief.143 

• In mental health (including low mood, anxiety and emotion-
alism through to severe depression), there is a lack of robust 
evidence for management aside from medica tion; however, 
SSOs report that this is a key ar ea for contact.

• Cognitive problems can persist and even worsen years after 
stroke. Better identification and management are needed.128 

• Research into aphasia is increasing, with emerging results 
around communication partner training programmes,129 

self-management130 and specific topics such as managing 
depression in aphasia.131 

• Although there is recognition of the effects of providing infor-
mal care for survivors, a robust evidence base to address this 
has proved elusive.132 A recent study tested an intervention to 
support carers, but this did not show any clinical benefits and 
was unlikely to be cost-effective.133 It is therefore still unclear 
how to effectively support the carers of s troke sur vivors.

• Follow-up using a structured screening approach, ideally 
using validated post-stroke checklists, is recommended.134 

Participation (in social, work and leisur e time activities)

There is societal evidence around the implic ations of social isola-
tion,135 and social isolation is specifically associated with a higher 
mortality after stroke.144 Participation in social, work and leisure 
time activities results in wider benefits when activities are seen 
as meaningful and when there is peer and other support.145,146 

There is a moderate association between physical activity and 
participation levels within the first 6 months following a stroke, 
with evidence suggesting that this correlation extends beyond 6
months.147 However, there are aspects where firm conclusions 
cannot yet be drawn, such as vocational rehabilitation, although 
related research shows that fatigue and cognitive deficits are
important considerations in planning return to work.148
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Relationships 
Anecdotally, SSOs and stroke survivors report that relationships 
are a problem for many stroke survivors. Sexuality remains a
particularly neglected area,149 although feasibility research found 
that peer-supported digital self-management showed potential to 
progress to a definitive trial.150 Education and counselling should 
be provided.151 

Involvement of people with liv ed experience

In the spirit of “nothing about us, without us,” stroke survivors, 
relatives and carers should be involved in all life-after-stroke 
decisions. They should also r eceive adequate support, resources
and education tailored to their unique needs.152 While mea-
suring the success of such involvement may be challenging, it 
represents an essential cornerstone of good practice, f ostering
collaboration, empowerment and improved quality-of-life
outcomes.

Supported self-manag ement

Self-management support is not widely available, although 
there is growing interest that it may improve quality of life
and self-efficacy.153 Group self-management interventions have 
been shown to increase knowledge, collaboration, goal setting 
and problem solving. Peer support-facilitated interventions 
promo te sharing experiences, vicarious learning and increased
motivation.154,155 There has also been much interest in the 
results from an RCT of a low-cost, person-centred, self-directed 
intervention—the T ake Charge Programme—which improved
quality of life and independence.156 

State of current ser vices

Provision of long-term life-after-stroke support varies widely 
between, and within, European countries. In many countries, 
data related to long-term outcomes have not been collected 
comprehensively, systematically or rigorously, and there are still 
countries where no adequate information or da ta are available.
There are therefore relatively few robust datasets; some of these
are presented in Supplementary File File 2. 

Most stroke survivors experience unmet needs. Mitigating these 
needs is hampered not only by lack of resources but also by the 
weak evidence base and inconsistencies in reporting. Further 
work is required to understand how promising interventions 
translate and are implemented into practice across countries and 
stroke pathways. According to the 2022 SST data, only 11 countries 
provided a life-after-stroke programme in 2022. In the short term, 
formal services, SSOs and voluntary groups have great potential
to evaluate their contributions to life after stroke and share best
practices.

Formal servic es

Community services and post-hospitalisation care need to be 
improved and organised in the same way that improvements 
have been made in acute hospital care. A large systematic 
review concluded that “comprehensive and pragmatic programs 
operat ed by the multidisciplinary stroke team hold promise to
reduce the long-term health burden of stroke.”157 The role of a 
key worker, navigator or coordinator has shown success in terms 
of improving satisfaction, and while evidence specific to stroke is 
limited, ther e is some evidence of patient navigation supporting
better coordinated care.158 

Third-sector organisa tions

Survivors often seek support outside of formal health and care
systems134 to access advice lines, specific support or peer support 
provided by, for example, SSOs. The network of SSOs globally is 
growing, with opportunities for shared learning, implementation 
research and advocacy. Despite the lack of a strong evidence base, 
there are anecdotal reports of benefits of life-after-stroke support 
in its widest context. Few opportunities for good practice t o be
shared exist. The newly formed Stroke Alliance for Europe’s Euro-
pean Life after Stroke Forum159 may be 1 solution, but much more 
needs to be done, as we still do not have models of what best care 
looks like.

Areas of immediate and signific ant challenge
Long-term follow-up

Despite emerging evidence on the value of conducting regular 
reviews to identify longer-term needs and trigger referrals, imple-
mentation of regular review in practice r emains inconsistent.
For example, although the UK’s clinical guidelines for stroke152 

strongly endorse 6-month reviews, just 37% of stroke survivors in 
England and Wales in 2022-2023, had a review at 6 months.160 

The lack of data collected on outcomes is compelling and has 
significant implications for individuals and for the strategic plan-
ning of support for stroke survivors. Recent research has reaf-
firmed the importance of addressing longer-term unme t needs of
people with stroke, but effective evidence-based models of care
are not yet available.161 

Transition and care

Many stroke survivors continue to feel unsupported (“aban-
doned”) after leaving hospital care,162 and transitioning between 
hospital and community and within community services is often 
particularly challenging. Survivors consistently report needing 
help to optimise recovery and secondary prevention.163 According 
to the 2022 SST data, 17 countries provided a transition and 
rehabilitation plan at discharge to at least 60% of stroke survivors 
in 2022; however, only 4 countries support this with registry data.
This is an improvement from 2021, where a plan was provided in
14 countries.

Of note, severe stroke may involve end-of-life support. One 
study found that most people with severe stroke, even those who 
die in hospital, do not receive palliative care consultations.164 

However, again, there is limited evidence and guidance reg arding
best practice.165 

Participation

No robust data are available specifically on the status of par-
ticipation in social, work and leisure time activities aft er stroke.
However, based on reports of unmet need,120,166–168 significant 
challenges must be assumed. Recent research has found a mis-
match between the needs reported by stroke survivors and evi-
dence available on how to address these needs.161 The timing and 
content of interventions to support longer-term participation and 
r ecovery require further focus.

Relationships

In some countries, written information and workshops for stroke 
survivors and families have been developed by SSOs.169,170 How-
ever, overall, robust evaluation of the uptake or success of these is 
lacking.

D
ow

nloaded from
 https://academ

ic.oup.com
/esj/article/11/1/aakaf026/8427109 by guest on 19 January 2026

https://academic.oup.com/esjpub/article-lookup/doi/10.1093/esjpub/aakaf026#supplementary-data
https://academic.oup.com/esjpub/article-lookup/doi/10.1093/esjpub/aakaf026#supplementary-data


European Stroke Journal, 2026, Volume 11, Issue 1 17

Involvement

Involvement of stroke survivors and their families in care plans is 
generally recommended in stroke pathways. However, there are
no data on the execution or quality of this involvement.

Carers

We know that the care burden is heavy. For example, in research 
conducted in Sweden, outcomes were documented for 5053 infor-
mal stroke caregivers at 3- and 5-year follow-up.171 Among those 
supporting completely dependent survivors, less than half (49%) 
received support and 24% expressed an unmet need for support. 
However, despite such statistics, we still have relatively little to
offer in terms of evidence-based interventions.

Awareness

Campaigning to raise awareness may also improve traction with 
policymakers. The UK Stroke Association launched a recent cam-
paign on “Thriving not surviving” to increase public knowledge of
the struggles stroke survivors face.172 Such initiatives are impor-
tant to facilitate recognition by society of the worth and value of
those with disabilities.

Research and development: t op 5 priorities

1. What are the experiences and needs of stroke survivors at 
different times during their lifespan, considering different 
cohorts of stroke survivors and challenges of those with mul-
tiple morbidities—and their carers—to inform the design of 
optimal car e pathways?

2. What would a model of best care and long-term sup-
port look like? This should include the opportunity for 
re views and specific roles to provide holistic, c oordinated
support.

3. How can data on life after stroke best be collected within 
stroke registries to improve understanding of the long-term 
outcomes of stroke and service planning, and what dat a
should this comprise?

4. What products and services (digital and physical) would sup-
port self-management, community integration, education 
and healthcare? 

5. How can high-quality information and training to help non-
specialist staff, especially social care staff, be targeted? 
It is envisaged that this will involve research around 
staffing levels, c ore competencies and the involvement of 
non-governmental and non-profit-making bodies such as
charities and voluntary groups.

Targets for 2030: t op 5 priorities

1. Providing comprehensive stroke follow-up that addresses all 
aspects relevant for life after s troke (KPI 12a).

2. Using a recognised post-stroke checklist and functional 
assessment to capture all stroke-related health problems. 
People should be referred to as appropria te (KPI 12b).

3. Providing equitable support, established through national 
stroke care plans and in conjunction with SSOs, to stroke sur-
vivors, regardless of their place of residence and socioeco-
nomic status. Minimum standards should be agreed for what 
every stroke survivor should receive regardless of where they 
live (KPI 1 and KPI 2).

4. Ensuring appointment of government-level individuals or 
teams responsible for inclusion of life after stroke in national 
stroke plans, with supporting national databases in plac e for 
quality impr ovement.

5. Exploring implementation of supported self-management 
information and assistance syst ems needs as a priority area.

Evaluation of outcomes and quality 
improvement

Quality of stroke care across Europe exhibits significant variations 
between and within countries. These disparities can be attributed 
to uneven access to medical resources and how healthcare ser-
vices are organised. The SAP-E platform supports the SST—a tool 
to monitor and benchmark countries’ performances through a
given set of stroke metrics and indicators.12 The SST is meant to 
complement national and international registries, which are nec-
essary to support organisations in measuring indicators in clinical
and organisational practice.173 

State of the art
Guidelines 
The ESO guidelines174 are generated according to the Grading 
of Recommendations Assessment, Development and Evaluation 
system according to a defined Standard Operating Protocol,175 

at times in collaboration with other scientific societies. The ESO 
guidelines serve as an exemplary international framework; how-
ever, it is essential to customise these guidelines to align with the 
specific needs and structures of various national health systems 
and with existing regulations and standards to guarantee supe-
rior quality and compliance in service delivery. A recent review
of updated stroke guidelines at the global level and in multiple
language–collated and –matched recommendations to the level
of service available,176 also advising strategies to drive forward 
service development. In recent ye ars, the living guideline devel-
opment approach177 has emerged to integrate new evidence into 
rec ommendations in real time.

Stroke service certific ation

Certification of stroke services provides an objective assessment 
of stroke infrastructures, creates a c ohesive team and recognises
professionals’ contributions178 in certified institutions. Stroke 
centre certification programmes have been associated with lower 
mortality, improved functional outcomes and improved guideline
concordance.179 Certification is provided by several different 
agencies/bodies: independent organisations such as ESO and 
national/international organisations. ESO has established a 
Stroke Unit and Stroke Center Certification programme107 

that supports healthcare organisations to provide a consistent 
approach to care, reducing the risk of errors. However, guidelines 
and quality metrics for stroke care certification vary,180 and 
this variability underscores the importance of establishing and 
adhering to high standards to ensure good patient outcomes.

Measuring quality 
Quality should be measured both at the point of care and at the 
health-system level. Clear, consistent standards, shared indica-
tors and evidence-led assessment of the quality of stroke services
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are essential if quality improvement is to be achieved. In addi-
tion, results of quality monitoring, with appropriate interpreta-
tion, should be made available to patients and the public to pro-
vide assurance that high-quality care is being delivered and to act 
as a driver of improvement within the system. If valid and reliable 
comparisons are t o be made between and within stroke services
nationally and internationally, it is essential that definitions and
terminology are agreed and standardised across countries.

One of the reasons for apparent differences in incidence and 
outcomes after stroke is that different countries collect and report 
data with different accuracy. This variability has several causes: (1) 
variation and miscoding of International Classification of Diseases 
(ICDs) codes, because countries are using different versions of the 
ICD (ICD-11 launched in 2022 is in use in 35 countries globally) and 
because of miscoding due to inadequate training of healthcare 
pr ofessionals, (2) standards for collecting comparable data differ
among countries,181 (3) the operational conceptual framework of 
stroke measures may vary,182 (4) outcome measures in place are 
scarce and (5) data quality and completeness vary.

In recent years, international initiatives have promoted the 
implementation of stroke registers, eg, the R egistry of Stroke
Care Quality (RES-Q)183 and Safe Implementation of Treatments 
in Stroke.184 International and national registries are mainly 
institution-based and traditionally focus on the management of 
the acute phase of stroke, access to reperfusion therapies, hospi-
talisation in stroke units, diagnostic work-up and secondary pre-
vention. Recently, post-discharge and follow-up data are obtained
through digital medicine solutions that make modified Rankin
Score and other functional and quality-of-life metrics available.

In some cases, as in Slovakija,185 data are imported from the 
national/governmental registry, allowing a population-based 
approach of registry data collection. This approach is preferred,
where possible, to ensure completeness.

Supporting improvement through clinic al audit

Audits are necessary but must be sustainable. Audit models 
should be selected based on sustainability, as well as available 
resources (continuous, intermittent or snapshots). A valuable 
recent innova tion in audit is the involvement of patient interest
representatives in supervision and design of audits.

Evaluation of stroke out come

Traditionally, important clinical outcomes after stroke have 
included survival, stroke recurrence and the need for long-term 
aftercare, as well as a diverse range of measures tha t quantify
the direct and indirect impact of stroke on patient functioning.
Supplementary File File 3 presents widely used evaluation 
tools, including the Patient-Reported Outcomes Measurement 
Information System, which is used along the continuum of
stroke care.

State of current ser vices

National quality guarantees for health services—specifying the 
level of competence and user experience that patients can expect 
along the continuum of stroke care—vary among European 
countries. According to the 2022 SST data, 17 European countries 
have national stroke plans defining pathways, care and support 
after stroke, including pre-hospital phase, hospital stay, discharge, 
transition and follow-up (KPI 1). Na tional or regional services for

quality improvement and assessment (KPI 4) are still underrep-
resented, with 30 SAP-E countries still lacking accountability in
stroke care (Figure 4). Few European countries report stroke units 
and stroke services—independent of the organisational sector— 
undergoing quality auditing continuously or with regular time 
intervals (KPI 5). However, regular quality auditing of stroke care 
seems to happen more frequently in hospital facilities and in the 
acute phase of care, while community stroke services providing 
post-acute, rehabilitation and long-term care, including palliative
care, are less likely to be audited. Many healthcare systems
have a stroke quality improvement programme in place, with
national registries,186 national guidelines (often available in plain 
language), audits and certification as quality improvement tools. 
A recent helpful initiative is the WHO Office on Quality of Care and 
Patient Safety, which was established in 2021 and aims to improve 
the quality of care and patient safety in Europe.

National guidelines for stroke management have been 
produced in many countries and, in most cases, are aligned 
with the ESO guidelines covering all areas of stroke care—from 
primary prevention to rehabilitation and long-term consequences 
of stroke and including acute stroke, prevention and management 
of complications and sec ondary prevention. Full-text guidelines
can be downloaded from the guidelines repository, including
videos summarising the evidence.174 Furthermore, the SAP-E 
website includes the Essentials of Stroke Care, a document written 
as a tool for SAP-E by a working group appointed by the ESO 
Guideline Board. This document is meant to provide an overview
of evidence-based interventions covering the entire chain of
stroke care.187 

Few international comparisons of care are based on high-
quality data. The Global Burden of Disease (GBD) study shows 
large variations in case-fatality r ates within Europe, which range
from 3% in Denmark to 18% in Latvia.1 However, the quality of GBD 
data varies significantly between European regions, weakening 
the validity of this dataset. The SST31 aims to fill this gap by 
creating a European overview of performance against SAP-E KPIs, 
stroke care organisa tion, pathways, stroke incidence and early
mortality.

Clinical audit has become an essential part of the quality 
improvement cycle. There has been a gradual evolution, with 
increasing use of stroke registers—which are more common than 
national audits—for audit and quality improvement purposes 
and selection of data items that reflect areas where standards or 
guidelines for care exist. The 2022 SST data show that national 
quality registers are available in some countries and regions, 
including Austria, Catalonia, Czechia, Denmark, Finland, Germany, 
Ireland, Israel, the Netherlands, Norway, Slovakia, Sweden and 
the United Kingdom (SST 2022 data), but are of varying quality 
regarding data completeness and correctness. The RES-Q, a 
quality register initially designed to support Eastern European 
countries, is now operating at the global level and has become 
a useful tool to capture quality at the point of care and, most 
recently, at follow-up in RES-Q version 2.0. At a national level,
only Sweden, Denmark and the United Kingdom provide data
on transition and functional outcomes. Very few countries make
quality data available to the general public. Quality improvement
is structured regionally rather than nationally in many countries,
including Spain, Finland, Portugal and Italy, which can result
in significant within-country variations in care quality. Quality
indicators for stroke have been published and are regularly
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Figure 4 Countries are categorized by color as follows: green—Norway, Sweden, Denmark, Germany, Poland, Spain, Italy, United Kingdom (England and 
Scotland), Ireland, Estonia, Latvia, Lithuania, Bulgaria, and Armenia; red—Iceland, Finland, France, Ukraine, Romania, Greece, Cyprus, Israel, Georgia, 
and Azerbaijan; gray—Russia, Belarus, Turkey , Kazakhstan, Kyrgyzstan, Serbia, Bosnia and Herzegovina, North Macedonia, Albania, Kosovo, Mont enegro,

Moldova, Malta, and Monaco.

updated in Italy, 188 Sweden,189 Norway, Denmark,190 the Republic 
of Ireland, the United Kingdom, Germany, Portugal, France and 
Turkey. A consensus paper on c ore standards for measuring
quality has been published.191 

Research and development: t op 5 priorities

1. What definitions should be used across Europe for recording 
and reporting of data on s troke and TIA ?

2. How can data on the quality of care be used to compare 
process and outcomes of care, taking into account varia-
tions in case-mix, and what is the minimum da taset that is
needed?

3. What sustainable systems are needed to allow international 
comparisons of the clinical and cost-effectiveness of care 
and reporting of within-country variations and variations by 
o ther factors such as geographical region (urban vs rural) and 
over time ?

4. Which strategies support the effective use of clinical guide-
lines and clinical quality registry data to inform health/s troke 
service deliver y?

5. How can new technologies be used to (1) extract audit or 
register data automatically from electronic patient records to 
reduce burden on stroke services and increase consistency in 
data collection and (2) to conduct simultaneous data evalu-
ation in multiple national and regional registers without the 
need to transfer large datasets and without dat a protection
issues?

Targets for 2030: t op 5 priorities

1. Defining a common European framework of reference for 
str oke care quality , including:

• Strengthening the development of updated European guide-
lines for management of acute stroke care, longer-term reha-
bilitation and prevention; where appropriate and sustainable, 
the living guideline model c ould be adopted.

• Expanding and implementing the SST as the tool to 
enable accurate international comparisons of care at the 
health system level in the hospital and in the community 
(including structure, process, outcome measures and patient
experience).

• Assigning a named individual who is responsible for stroke 
quality improvement in each country or region.

2. Defining a common European framework of patient metrics 
and variables reflecting quality indicat ors, including:

• a minimal dataset that should be provided as a part of patient 
documenta tion 

• a data dictionary that defines quality indicators 
• a list of recommendations to ensure interoperability between 

different national and international registries. 

3. Establishing national- and regional-level systems for 
assessing and accrediting strok e clinical services, providing
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peer support for quality improvement and making audit 
data available to the public (KPI 4).

4. Regular certification or equivalent auditing processes for 
quality improvement of all stroke units and other stroke 
servic es (KPI 5).

5. Collecting patient-reported and longer-term outcomes (eg, 6 
months and 1 year), covering hospital and community care, 
considering digital he alth solutions for this purpose (eg, web 
apps). 

Translational stroke rese arch

State of the art

There have been substantial advances in understanding of 
the pathophysiology of strok e and chronic cerebrovascular
diseases,192 but translating this knowledge into successful 
treatments has been unsatisfying. Technological developments 
now offer new opportunities to decipher pathophysiological 
processes underlying cerebrovascular diseases, identifying novel 
targets for drug therapies and drug repurposing, particularly for 
prevention and maintaining vascular health and stroke recovery. 
In light of this, interest is increasing in personalised medicine 
approaches using genomics, imaging and other biomarkers for
stratification of stroke patients. However, novel opportunities run
the risk of failing in translation, unless accompanied by changes
in the way research is performed.

Bridging the “translational gap” between basic and clinical 
stroke research is critical for the development of effective 
treatments. Key requirements include improved networking 
between basic scientists and clinicians, better experimental 
designs, development of more relevant experimental models that 
mirror the comple xity of human diseases and applying similar
rigour in animal studies to that in clinical trials, such as multicentre
evaluation and double blinding.193–195 

Supplementary File File 4 highlights major topics where recent 
advances offer new opportunities for translational research, 
focusing on mechanistic studies and development of novel 
therapies in relation to stroke prevention, acute stroke, secondary 
injur y, recovery and rehabilitation and life after stroke.

Current state of r esearch

A number of open questions remain in the current pipeline of 
translational research. To overcome the obstacles to successful 
translation requires several key strategic measures; Table 6 
summarises action points aimed at changing conventional 
practice by designing novel strategies to t ackle translational
bench-to-bedside research.

Exploratory vs confirmatory studies

Preclinical research has traditionally lacked confirmatory studies 
to test the efficacy of treatments. Instead, exploratory studies 
to identify and investigate new molecular or cellular pathways 
and mechanisms have been combined with ther apeutic experi-
ments that are hampered by insufficient statistical power and poor
design, resulting in low reproducibility.

Preclinical, confirmatory studies as an intermediate 
tr anslational step

Clinical trials based on preclinical target identification and drug 
development have typically relied on small-scale, single-centre 
studies that are statistically underpowered. As a result, current 

translational efforts represent a huge leap from small exploratory 
studies to large confirmatory trials in a highly variable human 
disease. This gap requires an intermediate step to improve the
reliability of translational research and solve the problem of lack
of replication.

Improve experimental modelling

An important reason for the failure of translation to date is the lack 
of internal, external and construct validity of current experimental 
modelling. Experiments are mostly conducted on young, male, 
genetically identical rodents housed in artificial, pathogen-free 
conditions and performed under anaesthesia. As a result, they 
may not accurately reflect the variable conditions encountered in
clinical medicine.

Adopt a “team science” approach

Large-scale collaborations with a “team science” approach are 
needed to guide further development in translational research. 
Clinicians should partner with basic researchers by specifying 
research needs and contributing to the design of preclinical 
studies from a clinical perspective. Initiatives for large-scale 
preclinical multicentric trials using, as far as possible, protocols
that are generally accepted for clinical trials are underway, but the
utility of this tool has yet to be proven.

Improve efficacy of early-stage clinical trials

Early-stage clinical trials represent an intermediate step between 
pre-clinical drug development and large-scale clinical trials. As 
such, the designs should keep up with the pace of preclinical target 
identification, be sufficiently sensitive to test novel approaches in 
a stratified, op timal target population, and, when possible, seek a
genetic rationale for drug effects.

Triangulation of evidence to select targets for clinic al
testing

Candidate drug targets that rely on multiple methods (eg, 
studies in animals with gain- or loss- of-function mutations; 
pharmacological targeting in experimental animals, epidemiology 
including population-based studies, Mendelian randomisation 
and human tissues), multiple data sources (eg, from different 
laboratories, populations and environments) and multiple 
investigators have a greater chance of success in clinical trials. 
Inves tigators should consider the principle of triangulation when
selecting targets for exploration in proof-of-concept studies in
humans or larger clinical trials.

Involvement of various parties

The EU and national funding bodies must commit to investing in 
stroke research on a scale commensurate with the magnitude and 
prevalence of the health problem. Strategies to validate results 
from exploratory research require a collective effort that goes 
beyond the capacity of individual projects or small, sporadic 
collaborations. Strong independent institutional support is 
needed to make the transition from traditional designs to a novel 
concept of organised research structures and data validation in 
order to facilitate reliable translation of pre-clinical findings to 
clinical practice. The pharmaceutical and medtech industries
should be involved in this process: This could be achieved by
facilitating exchange between academic and pharmaceutical
research in the transition from exploratory to confirmatory
preclinical studies. Finally, researchers need to disseminate their
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Table 6 Strategic action points to improve translational stroke research and facilitate successful bench-to-bedside tr anslation.

Strategic step Action point s 

Exploratory vs confirmatory 
stud ies 

• High-quality basic resear ch with: 
– focus  on  hypothesis  testing  
– state-of-the-art, rigorous methodology 
– transparency in methods and results 
– data availability for sharing (including deposition of protocols/dat a in public r epositories) 

Preclinical confirmatory studies 
as an intermediate translational 
step to wards clinical trials

• Discovery and confirmation in separa te s tudies 
• Preclinical confirmation before undertaking clinic al st udies 
• Pre-registration of animal s tudies 
• Pre-planned study designs and analyses 
• Publication of all results (including negat ive results ) 

Improve experimental modelling • Use models resembling human condition 
• Reduce bia s 
• Increase power 
• Include c omorbidities 
• Apply more variability (eg, genetics, different habitat s, ageing, se x) 

Change to a larger “team” concept • Establishing “team science” in stroke research 
• Use multiple sites in preclinical trials corresponding t o multicentre s tudies 

Improve efficacy of early-stage 
clinical trials

• Regulations should be more proportionate to t he risks of t he trial 
• Carefully stratify patients for clinical trial inclusion, with the perspective of developing future personalised 

tr eatment 
Triangulation of evidence to 
select targets for clinical test ing

• Seek evidence fr om: 
– multiple methods (eg, studies in animals with gain- or loss-of-function mutations/pharmacological 

target ing, epidemiology, Mendelian r andomisation, human tissues) 
– multiple data sources (eg, different laboratories, populations and environment s) 
– multiple investigator s 

findings to bring stroke research closer to patient advocacy groups 
and the gener al population.

Targets for 2030: t op 4 priorities

1. Creating an organisational framework by implementing 
confirmatory pre-clinical research through “team science” 
and by providing novel t ools for advanced trial designs to 
incr ease validity.

2. Developing and implementing guidelines for preclinical 
stroke studies on new treatments to maximise the success 
of clinic al translation.

3. Focusing experimental stroke research on identifying new 
treatable targets with high translational potential that will 
lead to successful clinic al trials by 2030.

4. Identifying novel therapeutic targets for subtypes of stroke 
with no specific mechanistic treatment available to date, 
especially cerebral SVD and ICH.

Discussion 
This mid-term review of the SAP-E has resulted in significant 
updates in the sections on state of the art and sta te of current
services and research, as well as development of new KPIs.

Primary prev ention

The main finding for primary prevention is the large unmet 
potential for primary stroke prevention, especially regarding the 
increasing burden of hypertension and metabolic risk factors, 
whereas the impact of tobacco is decreasing. To resolve this 
unmet potential, interventions must address all age groups 
and focus on physical activity, diet, alcohol and tobacco, 

as well as opportunistic screening for hypertension. Cost-
effective interventions that have been identified should be put 
in place, and monitoring systems should be implemented at 
all levels to ensure progress. This has led to a more ambi-
tious overarching target for stroke reduction of 15% (2018-
2030), which is now based on the age- and sex- standardised
rate, thereby taking the ageing population of Europe into
account.

Access to organised stroke unit care

The main aspects from the stroke care domain are significant 
inequity in access to stroke unit care and quality of stroke unit 
care. Admission to stroke unit care and the timing of this are only 
monitored in some countries. DRG coding covering admission to 
organised stroke unit care could mitigate this. Even if patients have 
access to stroke units, early stroke unit rehabilitation is often not 
provided or not available in a timely manner, as disciplines such 
as speech language therapists and occupational therapists are
not represented in stroke units. Early rehabilitation includes pre-
venting complications following bedrest deconditioning in severe
stroke, as well as initiating long-term rehabilitation.

Management of acute s troke

Clear protocols and pathways are needed for time-dependent 
therapies and should include the pre-hospital sector and be 
based on the regional situation. Despite scientific developments 
in hyperacute stroke treatments, accessibility of IVT and endovas-
cular treatments such as MT varies considerably, although the 
situation has improved in recent years when looking at Europe as a
whole. However, considerable inequity in treatment rates persists
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between countries. Developments in acute treatment have been 
centred around acute ischaemic stroke, with a risk of leaving 
ICH behind despite scientific developments in this condition. A
specific KPI for ICH mortality has been added to monitor acute
care in ICH.

Secondary prevention and f ollow-up

All major pharmacological interventions in secondary prevention 
of stroke are now listed as WHO “Best Buys.” However, only a 
few countries monitor initiation of secondary pharmacological 
prevention, and lifestyle interventions are not monitored in 
any country. This requires action, as about 25% of all admitted
strokes are recurrent strokes, and the vast majority of patients
present with significant uncontrolled risk factors.196 It is likely that 
providing systematic follow-up after stroke, including monitoring 
of secondary prevention, would support patients and reduce 
the impact of fragmentation of healthcare systems. National 
stroke plans should clearly define pathways, responsibilities and 
monitoring of secondary prevention, including at least 3–6-month 
follow-up post-stroke with a standar dised checklist. Research into
better and more personalised secondary prevention strategies is
also needed.

Rehabilitation 
Rehabilitation is now an essential intervention—as defined by 
the WHO—and is supported by strong evidence. However, only a 
minority of European patients with stroke have access to any or 
adequate rehabilitation. Rehabilitation is poorly monitored, often 
because of fragmentation in healthcare systems. We therefore 
need to build up facilities for stroke rehabilitation and ensure 
that an individual plan for rehabilitation and self-management 
support is available on discharge from the stroke unit. T o fur-
ther improve efficacy of rehabilitation, there is a significant need
for adequately sized clinical intervention studies to guide cost-
effective practice in rehabilitation, especially regarding methods
and dosing.

Life after str oke

Life-after-stroke services and support are essential to enable those 
affected by stroke to navigate, adjust to and manage the long-
term effects of stroke. Only with structured follow-up—addressing 
survivors’ practical, social, emotional and clinical needs after hos-
pital discharge—can they (and their carers) live the best life pos-
sible. However, the funding of such services and research to max-
imise their impact is routinely under-prioritised.

Evaluation of outcomes and quality 
improvement

The quality and outcome assessment domain documents a need 
for a standard European definition of a valid programme being in 
place as part of a national stroke plan or otherwise. One crucial 
aspect is coverage of monitoring, what proportion of patients 
are admitted to institutions with monitoring programmes (cer-
tification and registries). The national stroke plan must ensure 

the means to follow basic information on patients treated out-
side the monitored stroke system. When assessing the quality of 
stroke care in a country or a region, the denominator should be all 
str okes, independent of the site of admission. The SST visualises
apparent gaps in a large proportion of countries. This includes
data quality and timeliness of data, as well as important steps not
being monitored. One example is admission to stroke unit care or
the timing of this.

Furthermore, monitoring is almost exclusively in place in hos-
pital sector institutions, although most rehabilitation is provided 
outside of the hospital sector and transfer occurs within the first 3– 
7 days in many countries. Consequently, monitoring of the chain 
of stroke care is hampered by the fragmentation of healthcare 
services, especially in case of rehabilitation outside of hospitals 
and follow-up. Presently, a significant proportion of European 
countries still lack systems for quality and outcome control in 
stroke and only few countries have datasets that allow for da ta-
driven governance at a national or regional level. Quality and
outcome control are needed to ensure equity and quality in care;
improvements in this area will lead to improvements in all other
domains and should be anchored in a national stroke plan.

Translational resear ch

Bridging the “translational gap” between basic and clinical stroke 
research is critical for the development of effective treatments. 
Key requirements here include improved networking between 
laboratory scientists and clinicians, better experimental designs, 
development of more relevant experimental models that mirror 
the comple xity of human diseases and applying rigour in animal
studies similar to that in clinical trials, such as multicentre
evaluation and double blinding.

To ensure development of better interventions in stroke, clinical 
intervention studies must be of high quality following accepted 
standards (eg, Consolidated Standards of Reporting Trials [CON-
SORT]197). Clinical trial networks and international collaboration 
between clinical trial networks (eg, ESO Trials Alliance198) facili-
tate the conduct of high-quality clinical trials. Trials must be ade-
quately sized to answer a clinically relevant research question, 
and bias must be controlled. Patient representatives must always 
be included in the planning and needs defined by patients (eg,
James Lind Alliance Stroke Priority Setting Partnership199) should 
be prioritised.

Clinical resear ch

Use of new technologies may contribute to cost-effectiveness but 
must also comply with digitisation of the target population and 
General Data Protection Regulation–based restrictions in data 
transfer. Reliability is a high priority, as well as integration into 
other existing digital systems. Methods in clinical intervention 
studies should allow for and focus on easy implementation in 
different healthcare systems. Further advancement of the stroke 
field must continue to be developed using high-quality scientific 
methods and focus on health-economic aspects to bring about
societal change but must also be aligned with patient-centred
perspectives to ensure that delivery of future healthcare services
is in accordance with patients’ needs. Strategic steps for research
in stroke are proposed in Table 7. To meet the top 5 prioritised 
research and development targets in the seven domains of stroke,
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Table 7 Strategic research and development priorities for advancing stroke care across the continuum.

• Cost-effective approaches to primary prevention, especially in high-risk popula tions 
• Further developments of acute inter ventions, especially in ICH 
• Development of complex interventions that are cost-effective in increasing long term adher ence to secondary pr evention 
• Development of secondary prevention interventions based on s troke aetiolog y 
• Development of well-defined, cost-effective and efficient interventions in rehabilitation (motor, speech language, c ognition) with focus on dosing 

and implementa tion 
• Developing complex interventions that are cost-effective in increasing long term quality of life after s troke for patients and c arers 
• Improve experimental modelling, networking among scientists and efficacy of early-stage clinical trials 

a significant increase in funding of stroke trials adhering to this
outline is needed.

Conclusion 
Stroke remains a significant health issue in Europe, with notable 
incidence and inequities in access to care. Key interventions along 
the stroke care pathway are strongly evidence-based and sup-
ported by WHO and EU recommendations (eg, “Best Buy” list, 
Healthier Together and EU Best Practice Portal). Despite improve-
ments, gaps remain across the care pathway but particularly in
terms of access to stroke units, rehabilitation, follow-up care and
secondary prevention.
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