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Abstract

Standardized data definitions are essential for assessing the quality of care and patient outcomes in observational studies and randomized
controlled trials. The European Unified Registries for Heart Care Evaluation and Randomized Trials (EuroHeart) project of the European
Society of Cardiology (ESC) aims to create contemporary pan-European data standards for cardiovascular diseases, including heart failure
(HF). We followed the EuroHeart methodology for cardiovascular data standard development. A Working Group including experts in HF
registries, representatives from the Heart Failure Association of the ESC, and the EuroHeart was formed. Using Embase and Medline
(2016–21), we conducted a systematic review of the literature on data standards, registries, and trials to identify variables pertinent to
HF. A modified Delphi method was used to reach a consensus on the final set of variables. For each variable, the Working Group developed
data definitions and agreed on whether it was mandatory (Level 1) or additional (Level 2). In total, 84 Level 1 and 79 Level 2 variables were
selected for nine domains of HF care. These variables were reviewed by an international Reference Group with the Level 1 variables providing
the dataset for registration of patients with HF on the EuroHeart IT platform. By means of a structured process and interaction with inter-
national stakeholders, harmonized data standards for HF have been developed. In the context of the EuroHeart, this will facilitate quality
improvement, international observational research, registry-based randomized trials, and post-marketing surveillance of devices and pharma-
cotherapies across Europe.

Keywords Data standards • Variables • Data definitions • Heart failure • Quality of care • EuroHeart

Introduction
Standardized data definitions are essential for the reliable monitor-
ing and comparison of quality of care and outcomes in observa-
tional studies and form the basis for data management in
randomized controlled trials. There is a lack of an international
consensus about the use and description of heart failure (HF) vari-
ables including those pertinent to patient characteristics, care de-
livery, and outcomes.1 As such, heterogeneity exists in the
selection and definitions of data which impedes benchmarking
and leads to inconsistencies that impair the interpretation of clin-
ical studies and the acceptance of their findings.1,2

The 2021 American College of Cardiology/American Heart
Association Key Data Elements and Definitions for HF provides a
comprehensive list of data variables relevant to the HF care process.3

It comprises around 295 data variables, but with no hierarchical spe-
cification as to which are of a greater importance—potentially limit-
ing their uptake in clinical practice.3 Also, the dataset was developed
in accordance with the North American Clinical Practice Guidelines
and healthcare system characteristics and, unlike the European
Society of Cardiology (ESC) recommendations, uses a locally pro-
posed staging system for HF that has not been adopted widely out-
side North America. For Europe, the Cardiology Audit and
Registration Data Standards project in 2004 defined a set of variables
for acute coronary syndrome, percutaneous coronary intervention,
and clinical electrophysiology, but not HF.4 The European Unified
Registries for Heart Care Evaluation and Randomized Trials
(EuroHeart) project is a new initiative to develop contemporary
data standards for a range of cardiovascular diseases and interven-
tions, and has to date developed international data standards for
acute coronary syndrome, percutaneous coronary intervention,
and atrial fibrillation, with plans for the same for transcatheter aortic
valve implantation and cardiovascular outcomes among other car-
diovascular areas.5,6 This document specifically presents the
EuroHeart data standards for HF, which have been developed in col-
laboration with the Heart Failure Association (HFA) of the ESC.

Methods
A Data Science Group under the auspice of the EuroHeart project was
established in August 2019. This comprised a project chair (C.P.G.), two
medical experts (S.A. and G.B.), and a project manager.

Working and reference groups
A Working Group for the development of the 2021 EuroHeart
data standards for HF was invited from members of the EuroHeart
Data Science Group, HFA representatives, and selected HF experts
who have experience in national or international HF registries.
Names and affiliations of the Working Group members are provided
in Table A1.

In addition, a Reference Group comprising 44 international HF experts
from 34 countries was convened to review and provide feedback on the
final set of variables, permissible values, and definitions.

EuroHeart methodology
We followed the EuroHeart methodology for cardiovascular data stand-
ard development.7 In brief, this methodology involves: (i) identification of
a cardiovascular domain for development of data standards; (ii) conduc-
tion of a systematic review of the literature to synthesize a list of ‘candi-
date’ variables; (iii) selection and prioritization of variables by domain
experts using a modified Delphi method; (iv) Reference Group feedback;
and (v) programming the final data variables into the EuroHeart IT
platform.7

Scope
From the outset, the Data Science Group consulted with the Working
Group to decide upon the extent of the EuroHeart-HF registry. It was
agreed that the registry should capture information relating to both in-
patient and out-patient care because, unlike acute coronary syndrome
for instance, HF is a chronic disease spanning multiple clinical settings,
where treatment is often optimized and adjusted in response to disease
progression, the development of comorbid disease, and the side-effects
of therapy.
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Systematic literature review
The EuroHeart Data Science Group conducted a systematic review of
the literature on data definitions in HF (Appendix Table A2). The search
included studies that defined variables relevant to HF published between
1 January 2016 and 10 January 2021. These dates were chosen to capture
contemporary HF management and data variables. We included peer-
reviewed randomized trials or prospective observational studies that
provided definitions for at least one variable relevant to HF diagnosis,
management, or outcomes. We also reviewed the data dictionaries of
existing HF registries, as well as HF quality indicators and guidelines.8–
10 Following the literature search, a ‘long-list’ of candidate HF variables
was identified for potential inclusion in the EuroHeart-HF dataset.

Variable level
In the EuroHeart, variables are classified as Level 1 variables if they are
used as quality indicators of HF care or are important for risk stratifica-
tion, case-mix adjustment, or outcome evaluation. The EuroHeart pro-
vides clinical definitions for the Level 1 variables and implements them
on the EuroHeart IT platform to facilitate their collection. Level 2 vari-
ables are further measures which may prove useful in selected areas
or circumstances, but which are not universally available or useful.
They complement quality assessment and may have a role in observa-
tional or randomized research. Level 2 variables are defined in the
EuroHeart data standard documents, but are not implemented on the
EuroHeart IT platform. Given that the end users of the EuroHeart will
be healthcare providers, the EuroHeart platform allows for the addition
of a third set of variables (Level 3) that can be centre- or country-specific,
and may be needed for a national or local study or a quality improvement
project.7 Level 3 variables are not defined or programmed by the
EuroHeart.

Selection of the final set of variables
Using amodifiedDelphi method, theWorking Group reviewed the list of
candidate variables from the systematic review to select the final set, to
decide whether they were Level 1 or Level 2, and to create permissible
values and definitions. The EuroHeart criteria for data standard develop-
ment (importance, evidence base, validity, reliability, feasibility, and ap-
plicability) were used to guide the selection process.7 In total, six
virtual meetings were conducted between January 2021 and April
2021, with a large volume of e-mail correspondence between
the meetings.

Implementation
After arriving at the final set of variables, the Data Science Group worked
with the Registry Technology group of the EuroHeart project to pro-
gramme the Level 1 variables into the EuroHeart IT platform. For each
variable, details were provided to the IT team regarding the clinical set-
ting(s) in which the variable is applicable, the permissible ranges for the
numerical response options, and the inter-relationships between the
chosen variables to facilitate the design of a logical prototype for data
entry. In addition, the Registry Technology group integrated the specifi-
cations that are needed for the calculation of the ESC quality indicators
for HF on the EuroHeart IT platform.9

Results
The systematic review retrieved 1715 articles. Of these, 372 met the
inclusion criteria and were used to extract candidate variables
(Appendix Figure A1). Of the 189 candidate variables considered
for inclusion, 107 (57%) were obtained from the systematic review

and 82 (43%) from the Clinical Practice Guidelines and quality indi-
cators. Following the modified Delphi method, 84 Level 1 variables
(see Supplementary material online, Table S1) and 79 Level 2 vari-
ables (see Supplementary material online, Table S2) were selected
across nine domains of HF care (Graphical Abstract).

These key domains of HF care in the EuroHeart-HF registry are
the following: (i) demographics, (ii) patient characteristics and co-
morbidities, (iii) presentation details, (iv) medications prior to en-
counter, (v) health-related quality of life, (vi) investigations, (vii)
in-hospital management, (viii) discharge details, and (ix) discharge/
post-encounter medications. With the exception of the
‘In-hospital management’ domain, all other domains comprise vari-
ables for both the in-patient and out-patient settings as shown in
Supplementary material online, Tables S1 and S2.

Domain 1: demographics
This domain was aligned with the EuroHeart acute coronary syn-
drome and percutaneous coronary intervention registries5 to min-
imize the burden of data collection when patients are enrolled in
more than one EuroHeart registry (Figure 1). Some of the Level 1
variables within this domain capture patient-identifiable information
to allow multi-source data linkage (see Supplementary material
online, Table S1).11 Patient-identifiable data are stored and managed
locally as required by each country’s data-sharing regulations.
Anonymized data that are aggregated at the centre or the country
level may be shared centrally with the EuroHeart Data Centre fol-
lowing an agreement from both parties.

Domain 2: patient characteristics and
comorbidities
This domain contains data about the patient’s characteristics at the
time of registration (e.g. weight), lifestyle habits (e.g. smoking), and
medical history at the time of encounter with a healthcare profes-
sional (see Supplementary material online, Table S1). In addition,
this domain captures information about comorbidities that may influ-
ence the decisions for patient care, improve the prediction of out-
comes,12 or allow risk adjustments when variations in performance
are evaluated (Figure 2).13 A wider list of characteristics (e.g. frailty)
and comorbidities have also been selected as Level 2 variables and
are presented in Supplementary material online, Table S2.

Domain 3: presentation details
Many patients are likely to have received a diagnosis of HF many
months or years prior to initial registration. Clinically stable patients
may be enrolled in clinics. Patients with worsening chronic HF or
new-onset HF may be enrolled in a variety of settings. This domain
may be completed serially for each patient encounter if resources
to do so exist.

The presentation details domain includes the type of the clinical
encounter (in-patient/out-patient), as well as the patient’s clinical sta-
tus at the time of assessment (initial or recurrent). Such information
may be easily captured and is of a prognostic value for risk stratifica-
tion and for determining the best treatment strategy (Appendix
Figure A2).14 Examples of the variables in this domain include the
New York Heart Association (NYHA) class prior to encounter, as
well as heart rate, systolic blood pressure, and Killip class at the
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time of initial assessment (see Supplementary material online,
Table S1).12,15

Domain 4: medications prior to
encounter
While a patient’s pharmacotherapy prior to registration may provide
an insight about the changes in treatment which have taken place
during the episode of care, the Working Group raised concerns
about the feasibility of collecting such information. Therefore, pre-
registration medications were included as Level 2 variables (see
Supplementary material online, Table S2), unlike medications at dis-
charge (Domain 9).

Domain 5: health-related quality of life
Patient-reported outcome measures, particularly the health-related
quality of life (HRQoL) are of importance to patients with HF.16 A
number of validated HF-specific measurement tools exist for the
measurement of HRQoL.17 The Kansas City Cardiomyopathy
Questionnaire and the Minnesota Living with Heart Failure
Questionnaire are commonly used HF-specific tools to measure the
HRQoL.18 Other generic tool, such as the EuroQol-5 dimensions
and the short-form survey have also been used to evaluate the
HRQoL in patients with HF.19 For the EuroHeart-HF registry, infor-
mation about whether the HRQoL was assessed at each encounter
and which tool was used is captured as Level 1 category variables
(see Supplementary material online, Table S1), with the results of
the measurement as Level 2 variables (see Supplementary material
online, Table S2). Notably, the EuroHeart IT platform allows the imple-
mentation of HRQoL questionnaires as Level 3 variables for those
who have the desire, resources, and appropriate licensing permissions.

Domain 6: investigations
Tests such as the measurement of the left ventricular ejection frac-
tion and plasma concentration of natriuretic peptides are important
for the diagnosis of HF, assessing the effect of interventions, and

evaluating prognosis.20 Other results including renal function, serum
electrolytes,21,22 and electrocardiogram characteristics influence de-
cisions about treatment8 and have a role in risk stratification
(Figure 3).23,24 As such, these variables are included as Level 1 vari-
ables (see Supplementary material online, Table S1), with other inves-
tigations (e.g. C-reactive protein) placed as Level 2 variables (see
Supplementary material online, Table S2).

Domain 7: in-hospital management
This relates to the processes of care that are delivered during epi-
sodes of hospitalization with HF (Appendix Figure A3). That is, the
prescription of loop diuretics, the implantation of cardiac therapeutic
or monitoring devices, heart transplantation, and the performance of
interventions such as percutaneous coronary intervention and trans-
catheter aortic valve implantation (see Supplementary material
online, Table S1). Here, there are also a number of Level 2 variables
capturing information about the use of circulatory support (mechan-
ical and pharmacological), respiratory support, and renal replace-
ment therapy during the hospital stay (see Supplementary material
online, Table S2).25

Domain 8: discharge details
The ‘Discharge details’ domain includes information about the length
of hospital stay, in-hospital deaths, and discharge information, such as
weight and plasma concentration of natriuretic peptides at the time of
discharge (see Supplementary material online, Table S1). Such data are
important for the evaluation of outcomes of care, but also may have a
role in risk stratification.26 Moreover, an accumulating body of evi-
dence supports the involvement of a multidisciplinary team (e.g. car-
diac rehabilitation, HF clinics) in the management of HF and, after
hospital discharge, early follow-up with a healthcare professional.8,27

Recently, these aspects of care have been proposed as ESC quality in-
dicators for HF9 and are thus included as Level 1 variables (see
Supplementary material online, Table S1). Less well-established assess-
ments (e.g. NYHA class at discharge) or highly specialized

Figure 1 EuroHeart registry structure. ACS, acute coronary syndrome; AF, atrial fibrillation; PCI, percutaneous coronary intervention; TAVI,
transcatheter aortic valve implantation.
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interventions (e.g. referral to heart transplantation) are classified as
Level 2 variables (see Supplementary material online, Table S2).

Domain 9: discharge/post-encounter
medications
This domain forms the basis for the evaluation of performance and
the assessment of adherence to the 2021 ESC Clinical Practice
Guidelines and 2021 ESC quality indicators for HF.8,9 As such, for
medications known to improve outcomes in patients with HF of
any clinical type, data are collected not only about the class of the
drug prescribed, but also about the generic name and the dose, rec-
ognizing that titration of medication may be incomplete at the time
of discharge (from clinic or hospital) (see Supplementary material
online, Table S1).8,9 These variables may also be of an importance
for evaluating the changes in care and outcomes over time.29

While capturing information about existing contraindications to
the guideline-recommended therapy for HF may provide a more
meaningful assessment of care quality,29 it does increase the burden
of data collection and can be difficult to obtain from routine medical
records. Hence, variables that address the reason for not using
guideline-recommended treatments for HF when apparently indi-
cated are Level 2 (see Supplementary material online, Table S2).

Implementation
The Level 1 variables (see Supplementary material online, Table S1)
were implemented on the EuroHeart IT platform with an interactive

demonstration of the EuroHeart platform, which includes the HF
registry, may be accessed at https://www.escardio.org/euroheart.

Discussion
Adoption of harmonized data collection is central to improving car-
diovascular care.24 The lack of internationally recognized standar-
dized data definitions has led to variability and inefficiencies in the
monitoring of HF epidemiology and standards of care within and be-
tween countries.2,30 The EuroHeart project of the ESC, by means of
a structured methodology and in collaboration with the HFA, has de-
fined 84 Level 1 and 79 Level 2 variables for HF, which will be imple-
mented on a bespoke IT platform to facilitate harmonized
country-level quality improvement, international observational and
registry-based randomized trials, and post-marketing surveillance
of devices and pharmacotherapies.

The prevalence of HF and the healthcare resources required to
manage it is increasing worldwide,31 including Europe.32–34 The
emergence of novel therapies for HF in recent years8 and the em-
phasis on integrating these therapies with established care35 has
shaped the need to develop systems that ensure a continuous supply
of data to monitor and improve quality of care. Clinical registries for
HF highlight gaps in care delivery and geographical variation in prac-
tice.13,28,36,37 However, the lack of harmonized data standards for HF
limits the scalability of such registries, makes international compari-
sons less reliable, and hinders the development of registry-based

Figure 2 Sample of the variables in patient characteristics and comorbidities domain.

Data standards for heart failure 2189
D

ow
nloaded from

 https://academ
ic.oup.com

/eurheartj/article/43/23/2185/6571493 by guest on 01 Septem
ber 2022

http://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehac151#supplementary-data
http://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehac151#supplementary-data
http://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehac151#supplementary-data
http://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehac151#supplementary-data
http://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehac151#supplementary-data


randomized trials that could improve the efficiency and cost-
effectiveness of both research and healthcare.38–40

The EuroHeart registry provides a unique opportunity to develop
and maintain an infrastructure for the utilization of structured data
through which generalizable evidence can be derived to inform the
management and reduce the burden of cardiovascular disease.6 As
opposed to a cross-sectional assessment, the EuroHeart model al-
lows the collection and analysis of longitudinal observations of the
characteristics of HF and the patterns of HF care and outcomes
over time.

The EuroHeart data standards for HF have been developed in col-
laboration with the HFA and with involvement of experts in
European HF registries and a panel of HF experts from 34 countries
who have provided their feedback, taking the resources available in
their own countries into consideration. Furthermore, these stan-
dards have been formally endorsed by the National Cardiac
Societies from 13 ESC member countries, the ESC Patient Forum,
and the ESC Committee for Young Cardiovascular Professional,
highlighting the level of acceptance (and need) for the EuroHeart
data standards for HF among the cardiovascular community.

The developed data standards for HF extends the existing litera-
ture by providing the European perspective to other HF quality regis-
tries, such as the Get With the Guidelines (GWTG) in the United
States.41 Although the EuroHeart-HF and GWTG have similar
mandatory variables, some differences exist. The EuroHeart-HF
records information about whether patient-reported outcome
measures (e.g. health-related quality of life) were collected, and
about the tool(s) used to capture these measures as Level 1 variables.
However, the GWTGdoes not collect mandatory data about health-
related quality of life. On the contrary, the GWTG mandates
the collection of variables capturing the rationale for not prescribing

guideline-recommended therapies for HF (e.g. beta-blockers), while
these are Levels 2 variables in the EuroHeart-HF.

The EuroHeart variables have been implemented on the
EuroHeart IT platform to facilitate their integration with routine
care. However, providing the computational phenotyping and coding
details for these variables is beyond the scope of this project.42 The
Working Group acknowledges that standardized data ontologies are
needed to achieve semantic interoperability between registries, clin-
ical trials and routinely collected electronic healthcare records
(EHRs).43 While individual centres (or countries) may integrate the
EuroHeart structured variables within their EHRs to allow the seam-
less exchange of data between both systems, this integration needs
to be performed on the local level because of the substantial vari-
ation in the EHR software amongst centres. Furthermore, we recog-
nize the limitations of the EuroHeart methodology for data standard
development. Despite the conduct of a systematic review of the lit-
erature, we relied on expert opinion for the selection of the final set
of variables and this selection may be biased. Nonetheless, we believe
that a working collaboration with experts who have experience in
national and international registries and quality improvement pro-
jects, and the wide representation of the Reference Group has en-
abled a degree of robustness to the selection process. Future
Working Groups may benefit from the inclusion of patients and
wider members of the multidisciplinary team for HF such as nurses,
pharmacists, and primary care physicians.

Conclusions
This document presents the first EuroHeart international data stan-
dards for HF which have been developed in collaboration with the

Figure 3 Sample of the variables in the investigations domain. LVEF, left ventricular ejection fraction.
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HFA using a standardized methodology. The 84 Level 1 variables
have been implemented on the EuroHeart IT platform and can be
adopted by HF registries around the world to harmonize the method
by which HF data are captured.

Supplementary material
Supplementary material is available at European Heart Journal online.
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Figure A1 Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow chart for the systematic review.

Figure A2 Sample of the variables in the presentation details domain.

2192 S. Aktaa et al.
D

ow
nloaded from

 https://academ
ic.oup.com

/eurheartj/article/43/23/2185/6571493 by guest on 01 Septem
ber 2022



Figure A3 Sample of the variables in the in-hospital management domain.
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