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Abstract

Introduction Inequity in stroke care in Europe has previously been reported despite the existence of evidence-based cost-
effective interventions for both prevention and treatment. This report aims to provide comprehensive data on stroke care
in Europe in 2023 and explore associations to European regions, organisational and economic factors.

Patients and methods The Stroke Service Tracker, an annually collected survey-based dataset of aggregate summary data from
participating European nations, was used with key performance indicators (KPIs) from the Stroke Action Plan for Europe (SAP-
E). European regions were defined based on United Nations Geoscheme regions. Gross domestic product (GDP) per capita and
healthcare spending per capita were collected based on World Bank data.

Results A total of 1,460,630 stroke events were reported in 2023 from 52 nations. Significant inequity was present in all data
points and data quality varied significantly. Twenty (43.5%) nations have a national stroke plan in place, and in 19 (41.3%)
work is ongoing. Quality programmes have been implemented in 20 (43.5%) nations. Implementation of a national stroke
plan or a quality programme was associated with achieving more SAP-E KPIs (P < .001). There were regional differences in the
number of met KPIs (P < .001). Both GDP and healthcare spending per capita were strongly correlated to meeting KPIs.

Conclusion The inequity in stroke care persists in Europe. Implementation of a national stroke plan and a quality programme is
associated with meeting more KPIs; however, economic factors may pose limitations. Access to high-quality data will support
decision-making towards evidence-based and cost-effective care.
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Introduction

Stroke remains a leading cause of morbidity and mortality in
Europe. Despite overall decreasing incidence rates, the number
of strokes is increasing due to an ageing population.! Unequal
access to care in Europe has previously been demonstrated?-3
despite evidence-based interventions to prevent and treat stroke,
which are cost-effective and recommended by WHO*~6 and the
EU.” Costs of stroke in Europe in 2017 were reported at the level
of €60 billion.®

The aim of this report, based on 2023 data from the Stroke
Service Tracker (SST) of the Stroke Action Plan for Europe (SAP-E),
was to provide a comprehensive status on access to stroke care
across the entire chain of care in Europe, and explore potential
associations to national organisation of care, national quality pro-
grammes, healthcare spending, gross domestic product (GDP) and
geographic European region.

Methods

The data for this report were collected as part of the SAP-E
2018-2023.° The SAP-E followed® up on the previous Hels-
ingborg Declaration from 1995 and 2006 and was created as a
collaboration of the European Stroke Organisation (ESO) and
the Stroke Alliance for Europe (SAFE). Seven domains covering
the entire chain of stroke care (Primary Prevention, Organisation
of Stroke Care, Quality and Outcome Assessment, Acute Care,
Secondary Prevention, Rehabilitation and Life after Stroke) were
included into the plan. In 2019, an implementation committee
was established to set up an implementation programme to meet
the SAP-E targets for 2030; this project remains the largest policy

47 countries provided data

program were associated with
meeting more KPIs (p<0.001)

Strong evidence for regional
| variance in the number of KPIs

Conclusion

Inequity in stroke care
persists across Europe.

A national stroke plan
and a quality program are
associated with better
quality in stroke care.

National gross domestic product ¢
and health care spending strongly
associated to meeting KPIs (p<0.001)

Economic factors may
pose limitations.

hanne krarup.christensen@regionh.dk  https://doi.org/10.1093/esj/aakag008

project to improve quality and access to stroke care in Europe.!!
Fifty-two countries in WHO region of Europe have appointed
National Coordinators (NCs) for SAP-E.°

Stroke Action Plan for Europe® has developed several tools to
support this implementation in individual countries including the
SST.1? The SST is a survey-based tool designed to capture basic
data on the quality of stroke care, enabling comparisons within
and between countries, as well as over time. Data have been
collected annually since 2020.

Data collection

National Coordinators that are leading stroke scientific experts
and representatives from stroke support organisations have been
appointed by stroke scientific societies and stroke support organ-
isations (if existent) in all countries. The SST is based on aggregate
summary data; this format was chosen as it allows for exchange of
data without data protection restrictions. The data represent best
available data according to the NCs based on their knowledge as
local experts. Data are uploaded and stored in a database hosted
by the Capital Region of Denmark. Only the project leadership can
access the entire data in the database. Each country has a unique
access code and activities in the database are logged.

Data items and quality

The SST includes 13 key performance indicators (KPIs) (Table S1)
and basic stroke variables (eg, number of ischaemic strokes).
The dataset also includes organisational survey questions (eg,
an implemented national stroke plan), and the answers must
be supported by documentation (uploaded documents or links).
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For each data point, NCs enter data source (eg, reimbursement
registry).

Entries in the SST are monitored by the SAP-E organisation—
each nation’s data were reviewed by two stroke experts—and
queries sent back to NCs. Data are accepted as complete after
return of adequate responses. All queries received response
from NCs. Data sources are defined at data entry and include
national/regional registries (with or without auditing and cross-
checking), reimbursement registries, institution-based registries
(RES-Q and SITS), direct contact to sites and estimates. Data
quality was categorised as high if based on national registries
including reimbursement registries, whereas individual contact
to sites, estimates and extrapolation from institutional registries
were categorised as lower data quality.

Definition of variables included in this
analysis

A national stroke plan (KPI 1) is reported if confirming “A
national stroke plan defining pathways, care and support after
stroke, including pre-hospital phase, hospital stay, discharge
and transition, and follow-up” and providing documentation,
eg, an official link. A quality programme (KPI 4) is reported if
confirming “Establishment of national- and regional-level systems
for assessing and accrediting stroke clinical services, providing peer
support for quality improvement, and making audit data available
to the public” and providing documentation, eg, an official link.
Definitions of all KPIs are provided in Table S1.

Number of strokes (ischaemic, haemorrhagic, all strokes) are
based on reported counts. A crude stroke incidence (strokes [first
and recurrent] per 100,000 inhabitants) was calculated based on
the reported country-specific total number of strokes in 2023 and
the number of inhabitants in said country in 2023. Data on access
to care (stroke unit care, intravenous thrombolysis including
median door-to-needle times [DNT], mechanical thrombectomy
including door-to-groin times [DGT]) were reported by NCs as
total numbers (alternative as percentage if estimates) and graded
according to high- or lower-quality data. Mortality within 30 days
after stroke onset including mortality before discharge were
reported by NCs as total numbers (alternative as percentage if
estimates) and graded according to high- or lower-quality data.
We pragmatically defined mortality (all stroke, ischaemic stroke
and haemorrhagic stroke) within 30 days as mortality at the latest
known time-pointin this interval—this could include death during
hospital stay if this were the only known statistic.

United Nations (UN) Geoscheme groups!® were used for
analysing impact of region. Healthcare spending per capita
(newest available)'* and GDP per capital® were retrieved from
World Bank Open Data.

Statistical analysis

Presented data are aggregate summary data. Counts (percentage),
means (standard deviation [SD]), or medians (interquartile range
[IQR]) are reported as appropriate. Data for each KPI were pre-
sented using bar charts stratified according to data quality. To
ensure transparency about data quality, information is presented
on number of nations providing data on the specific data point,
and the distribution of high-quality data or lower-quality data.

The association between categorical variables (eg, national
stroke plan in place, having a quality programme as well as the
geographic location in Europe) and the median number of KPI
fulfilled was visualised using box plots (displaying median and
lower/upper quartile) and associations were tested using the
Kruskal-Wallis test.

The strength of the linear association between number of KPIs
fulfilled and health expenditure per capita or GDP per capita,
respectively, was quantified using the Pearson correlation coef-
ficient. The hypothesis that the correlation coefficients were dif-
ferent from zero was tested by performing 10,000 permutation re-
samples of the dataset. All analyses were conducted using Stata
18.0 (StataCorp, TX, USA).

Results

In 2023, 47 countries provided data (Albania, Armenia, Austria,
Azerbaijan, Belarus, Belgium, Bosnia, Bulgaria, Catalonia, Croa-
tia, Cyprus, Czechia, Denmark, England, Estonia, Finland, France,
Georgia, Germany, Greece, Hungary, Iceland, Ireland, Israel, Italy,
Kosovo, Latvia, Lithuania, Malta, Montenegro, Netherlands, North
Macedonia, Moldova, Northern Ireland, Norway, Poland, Portugal,
Romania, Serbia, Scotland, Slovakia, Spain, Sweden, Switzerland,
Turkey, Ukraine and Wales) and participated in the SST survey.
Five countries did not provide data (Kyrgystan, Russian Federa-
tion, Luxembourg, Slovenia and Kazakhstan).

A total of 1,460,630 stroke events were reported in 2023:
1,016,289 ischaemic stroke events and 170,701 haemorrhagic
stroke events. The crude incidence of reported strokes (Figure S1)
showed regional variation; lowest incidence was reported in
Albania and highest in Bulgaria.

The fraction of stroke patients admitted to stroke unit care
varied significantly (Figure 1) and ranged from 0.8% to 96.7%.
The European mean (SD) was 65.4% (28.2%) (31 nations provided
data). Data on admission to stroke unit care within 24 h of hospital
arrival were provided by 20. No country provided access to stroke
unit care within 24 h of hospitalisation for at least 90% of patients.
Four (20.0%) countries reported that at least 75% of patients were
admitted to stroke unit care within 24 h of hospitalisation.

Intravenous thrombolysis (IVT) rates ranged from 1.3% (North
Macedonia) to 34.7% (Czechia) (Figure 2A) with a European
mean (SD) of 14.3% (7.30%) (40 nations provided data). Door-to-
needle times (DNT) (Figure S2a) varied highly between countries;
the European median (IQR) DNT was 43 (31-59) min. Rates of
mechanical thrombectomy (MT) ranged from 0.15% (Bulgaria)
to 14.3% (Switzerland) (Figure 2B) with a European mean (SD)
of 6.7% (3.95%) (40 nations provided data). Door-to-groin times
(DGT) (Figure S2b) also varied highly between countries; the
European median (IQR) DGT was 82 (64-105) min.

The European mean (SD) of all stroke mortality within 30 days
was 12.9 (3.7)%—lowest in Switzerland (6.3%) and the highest in
Ukraine (23.9%) (Figure S3a). In ischaemic stroke, the European
mean (SD) of mortality within 30 days was 10.8 (4.0)% (Figure S3b).
Mean (SD) European mortality within 30 days after haemorrhagic
stroke was 31 (8.6)% (Figure S3c).

A national stroke plan (KPI 1) exists in 20 nations (43.5%), work
is ongoing in 19 (41.3%) and work has not yet been initiated in
7 countries (15.2%). Six countries did not respond. In 20 (43.5%)
nations, a quality programme (KPI 4) has been established. Six
countries did not respond. The variation in meeting the SAP-E KPIs
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(Figure 3) is large with Northern and Central European countries
generally meeting more KPIs. Meeting the individual KPIs also
varies, with KPIs relating to care, rehabilitation, and swift treat-
ment being hardest to meet (Figure S4).

Strong evidence was observed (P < .001) that having a national
stroke plan in place is associated with a higher number of KPIs
met (Figure 4A), in comparison to ongoing development or no
national stroke plan. Having a national stroke quality programme
seems to affect meeting KPIs even stronger (P < .001) (Figure 4B).
Strong evidence was observed for geographic variation (P < .001)
in meeting SAP-E KPIs based on European UN geoscheme regions
(Figure 4C) with Northern Europe and Western Europe being at the
top, followed by Eastern Europe and Southern Europe.

Strong evidence for a correlation between healthcare spending
per capita and meeting KPIs (p = 0.66, P < .001, Figure 5A) as well
as between GDP per capita and meeting KPIs (p = 0.62, P < .001,
Figure 5B), was observed.

Discussion

We report significant variation in organisation, and inequity in
access to care, and mortality across Europe in 2023. These differ-
ences are strongly associated with implementation of a national

stroke plan and a stroke quality programme but also with geo-
graphic region and economic factors including GDP and health-
care expenditure per capita.

Admission to stroke unit care reduces risk of disability and death
for all patients with most benefit for the severely affected and the
old.*® The main mode of action is reducing risks of complications
through mobilisation and specific interventions. This underlines
the need to increase focus on access to timely stroke unit care
as well as rehabilitation, as availability of stroke unit beds/care is
presently insufficient in most European countries.

The overall access to acute treatments in 2023 (IVT 14.3% and
MT 6.7% of all patients with ischaemic stroke) is assuring but there
are massive variations between countries, and some significant
variations are not easily explained only by financial factors or
region. This is also relevant for treatment delays: DNT and DGT.
Acute recanalisation treatments are highly time sensitive, and
delays happen at the cost of neuronal survival and thereby patient
outcomes and the overall benefit of treatments. These deficien-
cies are organisational and should be mitigated accordingly.

Mortality early after stroke varies significantly across Europe.
Stroke unit care reduces mortality!” but the organisation and
provision of care vary potentially based on conflicting stroke
unit definitions as well as (lack of) resources and traditions. To
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reduce excess mortality in subacute stroke, it is crucial to ensure
that stroke units comply with the existing evidence on organised
stroke unit care.1®-!® Organised stroke unit care is a specialised,
complex, multidisciplinary intervention and organised stroke
unit care requires more resources and training than a general
ward. Mortality as reported by the SST may also be artificially
low or high if registration by a stroke registry is reserved to
stroke units and admission to stroke unit is not mandatory
for all stroke patients as first level of care based on selection
bias. Low mortality may result from admitting patients with no
options of acute interventions to less specialised institutions,
such as frail elderly patients and severely affected patients
with a higher expected mortality—despite potential benefit
from stroke unit care.’® Higher mortality may result from not
admitting very mild strokes to stroke units and thereby enabling
registration.

The observed relation between quality of care and implementa-
tion of a national stroke plan is not unexpected: An implemented
national stroke plan ensures defined treatment pathways, a
resilient organisation and funding. Also, a quality programme
was shown to be strongly related to quality of care. A quality
programme is an integrated part of a national stroke plan and
as the quality programme promotes access to care and quality
of care, the stroke plan and the quality programme are strongly
correlated. In most cases, the national stroke plan will precede
implementation of a quality programme which may explain
the apparent larger impact of a quality programme. In 2023,
national stroke plans were being implemented at high speed
in European countries and significant optimism is appropriate.
It should, however, be cautiously monitored if national stroke
plans will ensure adequate high-quality data acquisition and
quality control. Accurate data are indispensable in oversight

of the treatment needs in the population, quality of care, and
to support prioritisation of evidence-based and cost-effective
interventions.

Economic factors—GDP and healthcare spending per capita—
are also strongly correlated to quality of care. There is no doubt
that adequate funding of healthcare systems is needed to ensure
quality in care; however, it is interesting to observe that there is a
close overlap between the countries performing best in meeting
SAP-E KPIs and those that perform above their healthcare spend-
ing. This may reflect the potential health economic benefits from
prioritising evidence-based interventions or simply cost-effective
organisation. Such comparisons may motivate healthcare systems
to learn from each other, which may ultimately benefit patients
as well as societies. The geographic differences in meeting KPIs
are highly significant but also covers the fact that variation is
also significant within the regions. This may form the basis for
sharing knowledge and experience between countries on efficient
organisation of stroke care.

The strength of this analysis is its comprehensiveness and com-
pleteness—it is based on 47 nations—allowing for an overview of
the status of stroke care in Europe. Data derive from local experts
in each country and represent best available data. Data sources
are declared in detail, allowing data quality to be included in the
interpretation. The use of aggregate summary data has permitted
collection of data without GDPR concerns. There are, however,
some limitations. Not all countries in EU-53 have reported data
(Russia, Slovenia, Kyrgyzstan, Kazakhstan and Luxembourg). Pen-
dres et al.! reported a total of 1,802,560 incident stroke in EU-53.
Based on the SST dataset from 2023, we report a total of 1,460,360
strokes. Disregarding the likely declining incidence of stroke,
the main reason is the lack of data from the 5 nonparticipating
countries.
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The use of aggregated summary data does not permit correcting
for individual patient factors that may vary between countries,
eg, risk factor presentation or age. We have attempted to miti-
gate the risks from using survey methodology, which does not
allow for monitoring source data by collecting documentation, eg,
for stroke registries, as well as by monitoring data and sending
queries whenever relevant. The variations in data quality also
remain a limitation, as data from selected institutions, as well
as estimates, are included; however, data quality is clearly pre-
sented, ie, in graphics for transparency. Another significant limita-
tion remains that this dataset is based on patients who have been
documented in national registries, and only a few of them report
stroke registry coverage exceeding 90%.

Conclusion

This analysis of 2023 SST data from 47 European countries shows
progress in access to acute stroke treatments, however, substan-
tial gaps persist, largely driven by economic constraints and insuf-
ficiently developed healthcare systems. There is an obvious need
in most countries for more focus on stroke unit care, rehabilitation
and follow-up to reduce the burden of stroke on societies and
people by improving outcomes and thereby increasing the chance
forindependent living after a stroke.

It is very positive that national stroke plans are being imple-
mented at high speed in Europe, with a likely impact in the next
few years. Stroke care is cost-effective, and the burden of stroke
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remains high in Europe. A significant limitation of the inferences
drawn from the data presented in this study remains that some
countries were only able to provide estimates from low-quality
data sources and should hence be interpreted with caution. As
high-quality data should be the basis of informed decision making
towards evidence-based and cost-effective treatments and care,
this gap should be closed by high-level initiatives using resilient

electronic solutions with a focus on key variables along the entire
chain of care.

The impact of economic factors on the provision of care
is significant, as well as the regional differences. Support for
specific countries, eg, as peer-to-peer support from countries
with successful developments, may prove to be a useful
approach.
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