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Abstract

Introduction: Despite the availability of prevention and therapies of stroke, their implementation in clinical practice,

even of low-cost ones, remains poor. In 2015, the European Stroke Organisation (ESO) initiated the ESO Enhancing and

Accelerating Stroke Treatment (EAST) program, which aims to improve stroke care quality, primarily in Eastern Europe.

Here, we describe its methods and milestones.

Patients and methods: The ESO EAST program is using an implementation strategy based on a ‘detecting-

understanding-reducing disparities’ conceptual framework: stroke care quality is first measured (after developing a

platform for data collection), gaps are identified in the current service delivery, and ultimately feedback is provided

to participating hospitals, followed by the application of interventions to reduce disparities. The ESO EAST program is

carried out by establishing a stroke quality registry, stroke management infrastructure, and creating education and

training opportunities for healthcare professionals.

1International Clinical Research Center and Department of Neurology,

St. Anne’s University Hospital and Medical Faculty of Masaryk University,

Brno, Czech Republic
2Santa Maria della Misericordia Hospital, University of Perugia, Perugia,

Italy
3Shaare Zedek Medical center, Jerusalem, Tel Aviv University, Tel Aviv,

Israel
4International Clinical Research Center, St. Anne’s University Hospital,

Brno, Czech Republic
5Stroke Unit, Department of Neuroscience, San Camillo Forlanini

Hospital, Rome, Italy
6Faculty of Medicine, Department of Neurology, P.J. �Safárik University,
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Results: Program management and leadership infrastructure has been established in 19 countries (Country

Representatives in 22 countries, National Steering Committee in 19 countries). A software platform for data collection

and analysis: Registry of Stroke Care Quality was developed, and launched in 2016, and has been used to collect data

from over 90,000 patients from >750 hospitals and 56 countries between September 2016 and May 2019. Training in

thrombolysis, nursing and research skills has been initiated.

Discussion: ESO EAST is the first pan-Eastern European (and beyond) multifaceted quality improvement intervention

putting evidence-informed policies into practice. Continuous monitoring of stroke care quality allows hospital-

to-hospital and country-to-country benchmarking and identification of the gaps and needs in health care.
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Introduction

Effective interventions to prevent and treat stroke exist;

however, their implementation into clinical practice has

proven to be challenging. There are well-documented

examples of poor translation from standard stroke

treatment guidelines to clinical practice, including

treatment of acute stroke with intravenous thromboly-

sis or secondary prevention of stroke using oral anti-

coagulants in patients with atrial fibrillation.1–6

Identifying and quantifying the implementation gap

could lead to understanding of the magnitude and

source of the problem, and finally to developing strat-

egies to improve the access to evidence-based stroke

treatments. Participation in quality monitoring and

improvement programs has improved adherence to

performance measures.4,7 Moreover, improving adher-

ence to such key performance indicators has also been

shown to be associated with better outcomes after

stroke.5,6,8–11 Therefore, participation in quality moni-

toring is highly desirable and the most recent interna-

tional stroke care guidelines support quality monitoring

becoming a routine part of clinical care.4,12

Based on a recent systematic review, some quality

control for stroke care has been established in 26 coun-

tries, primarily in Western Europe, the United States,

and Canada, although it was found that in most coun-

tries nation-wide coverage was missing.13 To address

the issue of stroke care quality in Eastern Europe, in

2015 the European Stroke Organisation (ESO) devel-

oped “European Stroke Organisation – Enhancing and

Accelerating Stroke Treatment” (ESO EAST)14 to

improve the implementation of evidence-based stroke

treatments, as guideline adherence was expected to

be lower in Eastern European countries than in

Western European countries. Here we describe the

methods and milestones for the first four years of

ESO EAST’s existence.

Methods

ESO EAST is a quality improvement program of ESO

to improve translation of knowledge from clinical stud-

ies and international guidelines into everyday clinical

practice. The ultimate goal is to measurably improve

stroke care at both hospital, and national levels. ESO

EAST uses audit and feedback as part of multifaceted

interventions which have previously been shown to be

effective in improving uptake of evidence-based stroke

treatments.15 Scalable information technology (IT) sol-

utions are an integral part of the program allowing

extensive quality improvement processes.

Overall goals of the ESO EAST Project

1. Improve patient outcomes after stroke, through

evidence-based treatments.
2. Decrease disparities in stroke care, focusing on

Eastern European countries compared to Western

European countries.
3. Develop a method of stroke care quality improve-

ment, scalable beyond ESO EAST countries.

The ESO EAST method is presented below as: (I) what

is implemented, (II) who should implement the pro-

gram, and (III) how the program is implemented.

(I) What is implemented. ESO EAST aims to improve the

quality of stroke care, which is delivered from the

admission of a patient through to his/her discharge

from that hospital. Quality of stroke care relates to

imaging, acute care, prevention of complications, sec-

ondary prevention and rehabilitation.
At this stage, primary prevention has not been a

focus of the project. Pre-hospital care, including

Emergency Medical Services monitoring and improve-

ment has also not yet been addressed; however, this is

included in future directions for ESO EAST.
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(II) Who participates in the quality improvement program.

The implementation team and purveyors conduct the
implementation process of the stroke care quality pro-
gram (Table 1). The ESO EAST program was initiated
by the ESO; it comprises the ESO EAST Steering
Committee, and the management and Registry of
Stroke Care Quality (RES-Q) teams. The RES-Q
team is focused on developing the registry platform,
and handling communications pertaining to data anal-
ysis. RES-Q is a web-based platform used to collect
stroke quality of care metrics, and provide reports,
feedback and benchmarking at both hospital and
national levels. The RES-Q platform is discussed in
more detail in section A.2 of Results. The Country
Representatives create National Steering Committees
to implement the ESO EAST program, which is cus-
tomised to country specific goals. The involvement of
stakeholders such as national professional societies and
Ministries of Health is usually needed. A diagram illus-
trating the organisational structure of the program can
be found in Figure S1 of the Supplement. The main
strategy is to build on the existing leadership structure
in each country or encourage developing one if it is
missing, and to coordinate actions between these
National Steering Committees. This strategy is sup-
ported by the ANGELS Initiative16 which is a non-
promotional quality improvement program by
Boehringer Ingelheim, endorsed by ESO, and provid-
ing extensive support for ESO EAST such as training
and funding through ESO grants. The ANGELS
Initiative employs consultants who provide support at
a hospital level, including strategies to improve stroke

care through standardisation and improved logistics,

and motivational tools such as awards for meeting per-

formance thresholds.
ESO EAST is focused on target groups of stakehold-

ers, described in Table 2.

(III) How evidence-based stroke treatments are implemented.

The overall implementation strategy is based on a

‘detecting-understanding-reducing disparities’ concep-

tual framework.17 This framework focuses on evaluat-

ing and improving healthcare systems, as opposed to

frameworks focused on community or societal determi-

nants as part of a public health perspective.17,18

Consistent with the framework, we considered the pri-

mary barrier to improving the uptake of evidence-

based treatments to be the lack of knowledge of the

current level of quality of stroke care. If gaps are not

systematically monitored, including their severity, a

lack of understanding of the underlying mechanisms

will make it impossible to design effective (e.g. country

and hospital specific) quality improvement interven-

tions. Monitoring the quality of stroke care also

allows for the establishment of an ‘audit and feedback’

mechanism as the initial motivation strategy for health-

care professionals, both to improve stroke care and

provide data.15 ‘Audit and feedback’ requires reporting

of results back to hospitals, therefore provision of

reports must be integrated into the project at an early

stage. The logical model of implementation is described

in Figure 1. Recognition of champion stroke centres

through awards based on performance is used as

Table 1. Implementation team and purveyors.

Who Description Defined role/responsibility

ESO EAST Steering

Committee

Seven clinicians with stroke expertise and

managers appointed by ESO

Change initiators and agents; define the intervention;

develop and oversee the implementation strategy,

provide leadership.

Program management

and IT team

Representatives of ESO and partners:

program managers, software developers

and IT administrators

Operational management, program communication,

RES-Q technical and organisational development &

implementation.

ANGELS Initiative

Consultants (IQVIA)

Representatives of the ANGELS Initiative,

which helps countries to improve stroke

care. Their goals and activities are aligned

with the ESO EAST program.

Facilitators; coordinate activities in their countries;

actively support implementation process; visit

implementation sites; cooperate with Country

Representatives and National Steering Committees.

Country

representatives

Opinion leaders/stroke champions of target

countries, appointed by ESO, endorsed by

national professional society.

Change agents; coordinate implementation of stroke

care improvement program in their country, establish

National Steering Committee.

National Steering

Committees

Group of stroke professionals, opinion

leaders, representatives of national prof.

societies, organised by the Country

Representative. Joint committee for ESO

EAST and ANGELS Initiative is preferred.

Change agents; develop country-specific methodology

including country-specific action plans to improve

stroke care at national level; implement this stroke

action plan, ensure measuring stroke care quality in

their country, regularly meet.

ESO: European Stroke Organisation; IT: information technology; RES-Q: Registry of Stroke Care Quality; IQVIA: quintiles and IMS Health, Inc.
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another motivation tool through the ANGELS
Initiative.16

Obtaining knowledge about the quality of stroke
care has three components: (A) Stroke quality registry,

(B) stroke management infrastructure which organises

and performs the acquisition of quality metrics to

implement programs for stroke care improvement,

and (C) education and training.

Figure 1. Logical model. The logical model describes how improvement in stroke care will be achieved. As mentioned above, ‘audit
and feedback’ is the primary mechanism of intervention. Once gaps in stroke care are identified, additional interventions are planned.

Table 2. Target audience and implementation sites.

Who Benefit for the target audience Expected impact of their involvement on stroke care

Hospitals: clinicians,

nurses, management

Compliance with current treatment standards;

implementation of a quality registry is a

guideline requirement; defined plan for

monitoring and improvement.

Awareness of current quality of care and how it com-

pares to benchmarks creates a strong motivation to

improve. Therefore, feedback is one of the essential

mechanisms supporting the goal of the program, i.e.

improving stroke care.

National Professional

Societies

Solidify the role of professional societies,

which: (a) will support the improvement of

health care; (b) will provide rationales when

negotiating with other entities, such as

insurance companies.

Professional societies can: (1) create educational pro-

grams to study significant issues identified by the

quality registry. (2) Initiate discussion with insurance

companies and/or the Ministry of Health based on the

information provided within the ESO EAST program.

(3) Produce guidelines and other publications to

examine difficulties in stroke care.

Governments,

Ministries of Health

Care, policymakers,

supranational

organisations

Allow for cost-effective strategic planning and

evidence-based decisions that will provide

more effective and cost-efficient stroke

treatment.

(1) Regulations for stroke care organisation, physician

education, stroke unit equipment, staff requirements,

(2) funding provision from the state/EU budget, (3)

negotiation with health insurance companies, (4)

public awareness campaigns organisation or support.

Insurance companies Can receive (from national societies) infor-

mation pertaining to the suboptimal use of

effective and budget-conscious treatments,

thereby mitigating potential financial loss in

health care and social systems.

Tailoring the reimbursement policy to promote cost-

effective treatments will dramatically improve stroke

care. E.g. motivating healthcare providers to admit

stroke patients to stroke units will increase stroke

unit admissions.

Patients and patients’

organisations

(1) Enhancing the quality of stroke care.

(2) The best and most accessible treatment

for stroke should be covered by health

insurance.

Patient organisations can participate as key players in

discussions between professional societies and

Ministries of Health, as well as other authorities.

ESO EAST: European Stroke Organisation – Enhancing and Accelerating Stroke Treatment; EU: European Union.
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Brief information on these three components is pro-
vided below, and more information is in the Supplement.

A stroke quality registry (A) requires: (A.1) selection
from recognised quality metrics based on previously
published data,8,13 development of definitions and of
the data collection form and (A.2) a software solution
including development of a web-based platform.

Creation of effective stroke management infrastruc-
ture (B) is a complex task in countries where there are
no organised professional societies or where societies
do not have effective power to implement systematic
changes in stroke care. There are four components nec-
essary for building an effective project management
structure: (B.1) human infrastructure, (B.2) leadership,
(B.3) communication and (B.4) planning, including
progress measurement. Project management infrastruc-
ture effectiveness is measured by: the number of
hospitals recruited for a quality improvement program,
the number of cases enrolled into the quality registry
database, and in the future by the improvement in
stroke care quality as evidenced by results at different
time points.

Several types of education and training (C) were
identified as pivotal (and complementary to existing
education, e.g. ESO summer or winter schools).
Research skills (C.1), which are not part of medical
education in Eastern Europe, are important for e.g.
data analysis or interpreting results from registries.

Additional educational activities were added,
addressing two specific needs in improving uptake of
evidence-based treatments: (C.2) improving stroke
team members’ skills in intravenous thrombolysis treat-
ment using simulations and (C.3) nurse skills. All activ-
ities from sections (A), (B), and (C) here, as well as
phases and timelines of ESO EAST are detailed in
the Supplement.

Results

(A) Stroke quality registry

A.1 Selection and/or definition of quality metrics and
development of the data collection form: the initial
form was finalised in 2016, and revised in 2017. It con-
tained questions related to 28 metrics for ischemic
stroke, intracerebral haemorrhage, subarachnoid hae-
morrhage and cerebral venous thrombosis. The full col-
lection form is in Supplemental Table S1.

A.2 A software platform for data collection: RES-Q
was developed; pilot tested in 2016 and has been used
to collect data since 2017.19 Software pipelines for data
processing: to support ESO EAST member hospitals
with limited data processing and analysis resources,
the RES-Q platform was extended to provide descrip-
tive reporting at both the hospital and national level.

Custom data processing software was created to auto-

matically generate data reports and presentations quar-

terly, which are made available to all hospitals and

country representatives online. Descriptive statistics

are available through an online ‘dashboard’ interface,

which provides graphical representations of data

updated hourly, and provides a secure portal for down-

loading all reports. Examples of the dashboards can be

found in Figure 2.

(B) Project management infrastructure

B.1 Human infrastructure: Six ESO EAST Steering

Committee members oversee the program and 22

Country Representatives, which were selected to drive

its national implementation. Based on the Annual

Country Reports (April 2018), 19 countries have

already established a National Steering Committee

(see Table S4 in Supplement). Twelve countries have

involved the ANGELS Initiative in the National

Steering Committee.
B.2 Leadership building: Leadership building at

national level was encouraged by: mentoring by inter-

national experts; participation of the ESO EAST

Steering Committee members at >25 local and national

meetings and conferences between 2015 and 2018;

national strategy documents (Action Plans) develop-

ment by Country Representatives; a lecture on leader-

ship at the ESO EAST Annual Meeting in 2018.
B.3 Communication: Several communication tools were

used: full day ESO EAST Annual Meetings and online

resource sharing tools (ESO EAST webpage as part of

the ESO website,14 Facebook, Twitter, LinkedIn). For

detailed information see Supplemental results.
B.4 Planning and measuring progress: Quality mon-

itoring was established in 19 out of 22 countries and

395 hospitals by the end of 2018. More than 200

national reports and 3000 hospital reports on stroke

care quality have been created. Seventeen posters on

stroke care quality in ESO EAST countries based

on RES-Q data were presented at the 2018 ESO

Conference and another 14 at the 2019 ESO

Conference. Data from over 95,000 patients from

>750 hospitals and 56 countries have been collected

between September 2016 and May 2019. RES-Q has

increased participation from the initial 21 countries of

ESO EAST to include hospitals in Western Europe,

Southeast Asia, Latin America and the Middle East

and North Africa regions. Based on the Annual

Country Reports (April 2018), provided by 19 coun-

tries of 22, 16 countries defined the network of hospi-

tals where the improvement program should be

implemented, and 15 countries defined goals for

improvement in their country. A timeline representing

208 European Stroke Journal 5(2)



ESO EAST project implementation and progress can

be found in Figure S2 of the Supplement.

(C) Education and training

C.1 Science education: In 2015, a one-week workshop

for participants from ESO EAST countries took place

in Brno, Czech Republic. Eighteen physicians from 16

countries were selected based on their commitment to
publish a scientific paper in one year. The delegates

were trained in research design and basic statistics, pro-

vided with a list of relevant publications, software

licenses and offered mentoring.
C.2 Stroke team members’ skills: Simulation training.

The stroke simulation training program aims to improve

acute stroke management and thrombolysis treatment.

It has been provided since 2016 at St. Anne’s University
Hospital Brno, Czech Republic for �450 health profes-

sionals from eight ESO EAST countries. This work was

also supported by staff from the ANGELS Initiative

who frequently followed up with in-situ simulation in

other participating stroke centres. Subsequently two

stroke simulation centres were established based on the

Brno model, in Russia and in Ukraine.
C.3 Nurse skills: In 2016, the Stroke Unit Nursing

Education Project was initiated and nurses from 12

countries participated in a three-day course.

Discussion

Initiation of this multifaceted program across Central

and Eastern European countries is a major achieve-

ment of ESO EAST. This achievement is documented

by establishing International and National Steering

Committees, recruitment of number of hospitals and

enrolment of a large number of patients into the

newly developed stroke quality registry, RES-Q.

RES-Q has been rapidly adopted in over 750 hospitals

in 56 countries by April 2019 (�50 hospitals per

Figure 2. Functionalities of RES-Q website. (a) The live metrics page documents the number of patients enrolled altogether, and per
country (available at www.qualityregistry.eu without log in). (b) provides an overview of results of stroke care quality for the whole
country. (c) is a hospital dashboard allowing hospitals to view their results and benchmark against national results and the ANGELS
award criteria. (d) is the download function allowing hospitals to download data in different formats including as a PowerPoint
presentation of the results.
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month), with more than half of the participation
coming from outside of the initial ESO EAST
member countries. The establishment of leadership
groups and organised collection of data on current
stroke care quality have created a platform for driving
future change in the stroke practice across the region.

In 2018, ESO conducted a survey in 44 European
countries on the delivery of acute stroke services,
whereby large inequalities in acute stroke care were
reported disadvantaging the Eastern European
region, and thus further underscoring the need for a
multifaceted quality improvement program such as
ESO EAST.20 The evaluation of stroke care quality,
the first step of ESO EAST, is lagging behind many
Western European countries, such as the United
Kingdom and Spain, which have been auditing stroke
performance for 10 years.21,22 Other countries, includ-
ing Sweden, the USA, Denmark, Austria, and the
Netherlands have established quality registries to mon-
itor performance.5,23–26 Australia provides a national
registry and audit program for stroke, along with struc-
tured quality improvement programs.7 ESO EAST has
similar goals to these programs, with emphasis on
using modern technologies to provide online feedback
and benchmarking. Most established programs are
national programs, whereas ESO EAST has succeeded
in achieving international adoption. ESO EAST also
differs in that it is focused on creating quality improve-
ment initiatives, which can be implemented in low-
resource health systems across heterogenous economic
and political regions. The ESO EAST tools are made
available at no cost with the main funding being pro-
vided by ESO, and the Stroke program in St. Anne’s
University Hospital in Brno, Czech Republic (i.e. RES-
Q developer).

RES-Q, as a central quality registry, seemed to be an
appropriate solution for middle- and lower-income
countries due to: cost savings, the possibility of sharing
expertise, and the potential to use country-to-country
benchmarking, which could provide stakeholders in
healthcare guidance to defining stroke healthcare pri-
orities. RES-Q’s adoption and utilisation have been
facilitated by several factors; multiple translations of
the RES-Q form, availability of training materials
(both downloadable documents and online videos),
and finally by the onsite presence of ANGELS
Initiative representatives in many countries.

For the future, it needs to be documented that feed-
back to stroke centres based on monitoring perfor-
mance indicators will improve adherence to guidelines
and translation of evidence into routine clinical prac-
tice.23 For countries with limited resources, it is crucial
to demonstrate that improved adherence does not nec-
essarily result in an increase in costs. Many improve-
ments, such as streamlining logistics, reducing

complications, and providing the proper medication
(not necessarily more medication), do not require
more resources; only better utilisation of existing
ones. RES-Q established the opportunity for country
specific interventions to be targeted at underserved
areas in stroke care, and the ability to monitor
improvements over time.

Central and Eastern Europe is a heterogeneous
region in terms of stroke care quality. For example, in
the Czech Republic (and in the Slovak Republic), there
is a long history of managing stroke care at the national
level, with national stroke conferences having been
organised for 46years (as of 2018), all citizens have
health insurance, healthcare is provided for minimal
cost, and a network of 45 certified stroke unit exists.
In contrast, in many Eastern European countries
major steps for stroke improvement need to still be
undertaken and include: (1) certification of stroke hos-
pitals, (2) increased stroke awareness of major stake-
holders such as the Ministry of Health, and (3)
strengthening the role of stroke professional societies
as important drivers of high quality stroke care.

There are still significant limitations and challenges
related to data collection and analysis. So far there is
low comparability for several metrics, which could be
improved, e.g. using stricter definitions for metrics.
However, using stricter definitions, for e.g. stroke
unit in countries with reduced resources may limit
benchmarking and also deter participants who already
exhausted utilisation of the resources, which could
optimally be available to them in their socio-
economical setting. Similarly, emphasising control of
data quality through on-site auditing, or double data
entry improves comparability, but may hamper data
representativeness due to lower overall participation,
as countries do not have resources for an increased
workload. The data sharing and research cultures in
many Central and Eastern European countries are dif-
ferent compared to Western European countries and
will continue to pose a challenge for obtaining compa-
rable and representative national data. For the future,
funding may also pose a challenge.

ESO EAST actions are in line with other strategic
plans, quality improvement efforts and initiatives.
Firstly, public health experts from Eastern Europe rec-
ommended four priorities for public health actions: (a)
implementing registries and monitoring systems, (b)
developing best practice interventions, (c) creating a
scientific base for public health interventions, and (d)
engaging the public.27 ESO EAST has included the first
three of these recommendations in its quality improve-
ment program. Secondly, the recently published Action
Plan for Stroke in Europe 2018–2030 provides support
to many ESO EAST activities, including assessment of
the quality of stroke services.28 Thirdly, closer

210 European Stroke Journal 5(2)



collaboration of Eastern European countries is a rec-
ommendation within previous strategic documents on
public health.27

In conclusion, ESO EAST aims to improve stroke
care using a ‘detecting-understanding-reducing dispar-
ities’ conceptual framework. To our knowledge this is
the first, non-remunerative, pan-Eastern European
(and beyond) multifaceted intervention used across a
large number of countries that aims to improve access
to evidence-informed policies and practices in real-
world services. Actions are structured according to a
bottom-up process framework that empowers health
personnel, highlights unmet patient needs, and facili-
tates leadership development at local, regional, nation-
al and international levels. Educational activities are
tailored based on the results and needs of local stroke
professionals, including allied healthcare. It contributes
significantly to the European knowledge base and lan-
guage on stroke care through stroke experts’ commu-
nity empowerment.
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