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Aims Data standards are consensual specifications for the representation of data arising from different sources. If provided
with internationally harmonized variables, permissible values, and clinical definitions, they have the potential to enable
reliable between- and within-country analysis of care and outcomes. The European Unified Registries for Heart Care
Evaluation and Randomised Trials (EuroHeart) is a European Society of Cardiology project that allows participating
countries to collect patient data to undertake quality improvement, observational studies, drug and device surveillance,
and registry-based randomized controlled trials for cardiovascular conditions. This paper describes the methodology
for development of harmonized data standards for EuroHeart.

Methods and We adopted a five-step process for the development of harmonized data standards. The process includes (i) identi-

results fication of clinical domains for data standard development by evaluating specific cardiovascular conditions with high
prevalence and opportunities for quality improvement; (ii) construction of data standard specifications by systematic
review of the literature; (jii) selection of variables by a domain-specific Working Group using a modified Delphi method;
(iv) validation of data standards by a domain-specific Reference Group; and (v) implementation of the developed data
standards into an [T platform.

Conclusion This paper describes the approach adopted by EuroHeart for the development of clinical data standards for cardiovas-
cular disease. The methodology has been developed and is used by EuroHeart to create a suite of international data
standards for cardiovascular diseases. The EuroHeart data standards may be used to systematically capture individual
patient data about clinical care and for research.
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Graphical Abstract The EuroHeart methodology for the development of international clinical data standards for cardiovascular

conditions.
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Introduction

Advances in cardiovascular innovations and technologies have led
to improvement in patient outcomes.” Alongside these develop-
ments, vast quantities of heterogeneous patient data have been col-
lected in clinical trials, registries, and electronic healthcare records
(EHRs).2~¢ Standardization of data definitions across various clinical
and research settings allows the seamless transfer of data,” as such
enhancing the efficiency and the cost-effectiveness of initiatives that
aim to improve care and outcomes.®?

Defining data standards for a cardiovascular disease involves
the identification and definition of variables pertinent to the in-
dividual, the disease, and its diagnosis, treatment, and outcomes.
While data standards for several cardiovascular diseases have been
established, there are variations in the methodology by which
the data standards are developed.'®='> The American College of
Cardiology (ACC) and the American Heart Association (AHA)
have established a Task Force for data standards, which in ad-
dition to creating high-quality data standards for a number of
cardiovascular condition has laid out a structured approach for
data standard development.m Such recommendations, however, are
designed to meet the specifications of the American healthcare
system.

The European Unified Registries for Heart Care Evaluation and
Randomised Trials (EuroHeart) initiative, supported by the Eu-
ropean Society of Cardiology (ESC), aims to facilitate the con-
tinuous collection of patient data across Europe to improve the
quality of care and outcomes of people with cardiovascular dis-
ease.’® To achieve this mission, EuroHeart defines data vari-
ables for cardiovascular conditions and integrates these into a
bespoke IT platform to enable real-time data collection. This
will enable the online analysis and direct reporting of patient
characteristics, processes of care, and pre-defined quality indica-
tors, as well as observational research, registry-based randomized
controlled trials (R-RCTs), and post-marketing drug and device
monitoring.13

This paper outlines the methodology for the development of the
EuroHeart data standards for cardiovascular disease.

Step3

« Selection of variables,
permissible values and.
definitions.

e AN

Quality improvement

Observational research

Registry-based randomised
controlled trials

Drug and device surveillance

Methods

Herein, we use the term data standards as consensual specifications for
the representation of data from different sources or settings." They
include the specifications for data variables, permissible values, and def-
initions (Table 7). In this paper, the term data is reserved for individual
observations (e.g. 180 cm) and the term variables for data items (e.g.
height).” Permissible values are the type of information captured by the
variables, which may, for example, be numeric, binary (no, yes), dates,
or free text for qualitative variables. Data variables may also be classified
according to how critical their collection is for the meaningful interpreta-
tion of the dataset. Definitions are the explicit description of the factual
meaning of the information captured by the variable (e.g. height on ad-
mission in centimetres).9

Operational framework

Data Science Group
Under the auspice of EuroHeart, the Data Science Group comprises a
chair, medical experts, and project managers (Figure 7). The Data Science
Group is responsible for

® Developing a standardized methodology for the construction of data
standards.

® |dentifying potential domain areas for data standard development.
Potential clinical domains for creation of data standards are based
on the importance of the cardiovascular condition/procedure and
the purpose of the data standards. The identified clinical areas may
include, but are not limited to, the ESC Clinical Practice Guidelines.

® Ensuring that the developed methodology is applied across all do-
mains and according to the agreed timelines with other stakeholders.

® Providing supporting research, such as systematic literature reviews,
and the evaluation of any ongoing national data efforts.

® Translating the research findings into a candidate set of variables, per-
missible values, and definitions.

® Supporting the consistent development and refinement of different
cardiovascular data standards together with the Working Group and
the Reference Group.

® Co-ordinating with national registry leaders of countries participat-
ing in the EuroHeart project to facilitate the transition to, or the
harmonization with, the developed data standards.
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Development of data standards for common cardiovascular conditions

Table | Terminologies and definitions

Terminology

Data standards
Cardiovascular domain
Variable

Candidate variable
Permissible value

Variable definition

Definition

Consensual specifications for the representation of data arising from different sources.
A distinct category of cardiovascular disease or treatment.

Data field that is to be collected.

Variable that has been extracted from the literature but that has not been agreed upon.
Format and structure of the information that is allowed to be captured within a variable.

Explicit description of the factual meaning of the information captured by a variable.

Data Science Group

Working Group

* Defines inclusion and exclusion criteria

* Selects a final list of variables, permissible values and definitions

* Ensures that variable definitions are clearly written, objective and harmonised
* Ensures that variables can readily and reliably be obtained

« I|dentifies clinical domains for development of data standards
* Provides comprehensive supporting research

* Supports the Working Group and Reference Group

* Prepares and publishes data standards

* Facilitates periodic revision of data standards

Reference Group

* Peer reviews the data standards
* Contributes with expertise and refines the data standards

Figure | Operational framework during the development of the EuroHeart data standards.

® Supporting the transparent publication of the developed data stan-
dards in scientific documents alongside their development process.

® Undertaking the periodic evaluation, revision, and update of the
EuroHeart data standards.

Working Group

A Working Group is established for each cardiovascular domain
(Figure 1). The nomination of members for the Working Group is so-
licited by relevant ESC Associations and Working Groups, and other ESC
member country National Cardiac Societies. Ideally, the Working Group
should include approximately 10-20 cardiovascular domain experts and
members with experience in developing and maintaining national qual-
ity registries. This group forms the ‘core’ team for the data standard
development and aims to

® Define the inclusion and exclusion criteria for the data standards in
development.

® |dentify the clinical setting(s) for which the data standards are
applicable.

® Specify the data standard characteristics and anticipated number of
variables.

® Develop a proposal of the subcategories within the data standards
by constructing a conceptual framework of the patient journey.

® Provide a final list of variables, permissible values, and definitions to
be included in the data standards.

® Ensure that variable definitions are clearly written, objective, and har-
monized against current Clinical Practice Guidelines. Close attention
is paid to definitions regarding the timing of events and procedures,
device and drug names, and consistency with respect to other vari-
ables.

® Ensure that variables may be readily and reliably obtained in real-life
clinical settings.

Reference Group

The Reference Group defines a team whose members are nominated
by the relevant ESC Associations and Working Groups (Figure 7). It may
also include representatives from the ESC National Cardiac Societies,
the ESC Patient Forum, the ESC Association of Cardiovascular Nursing
and Allied Professions, and the ESC Committee for Young Cardiovascu-
lar Professionals. The involvement of these professional bodies provides
broader insights and a more generalizable perspective. Ideally, the Refer-
ence Group should include approximately 20-30 representatives from
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Step 1

Data Science Group: Identifying clinical domains based on
disease burden and clinical need for data collection

Step2 |

Data Science Group and Working Group: Constructing data standard specifications

Data Science Group: Constructing candidate variables, permissible values and definitions
based on literature review and qualitative comparisons between identified registries

Step3 |

Working Group: Selection of the variables, permissible values and
definitions from a candidate list using the modified Delphi process

| Data Science Group: Revision based on feedback |

Step4 |

Reference Group: Peer review and refinement of the data standards ‘

| Data Science Group and Working Group: Revision based on feedback |

‘ Endorsement by relevant professional cardiovascular associations and publication ‘

Step5 |

Implementation into the EuroHeart IT platform

Figure 2 Process for development of the EuroHeart data standards.

as many ESC member countries as possible to increase the acceptance
and uptake of the developed standards. The objective of the Reference
Group is to

® Provide feedback on the data standard characteristics and inclusion
and exclusion criteria.
Review and provide feedback on the proposed data standards.

® Assess the applicability of the data standards in different patient
groups and across different countries.

® Ciritically appraise the proposed data standards.

The five-step process

The EuroHeart data standards are developed through a five-step process
(Figure 2): (i) identification of clinical domains for data standard develop-
ment by evaluating specific cardiovascular conditions with high preva-
lence and opportunities for quality improvement; (i) construction of
data standard specifications by systematic review of the literature; (iii)
selection of variables by a domain-specific Working Group using a modi-
fied Delphi method; (iv) validation of data standards by a domain-specific
Reference Group; and (v) implementation of the developed data stan-
dards into an online IT platform.

Step 1: identifying the clinical domains

Potential clinical domains for which data standards are to be developed
are identified by the Data Science Group in collaboration with, and
on approval by, the EuroHeart Executive Committee.”> The identified

domains are based on the disease burden and clinical need for data
collection. The latter point may be driven by paucity of registries, het-
erogeneity of existing registries, recognized gaps, or variation in care
and outcomes. During the pilot phase of EuroHeart, four cardiovascular
conditions were selected: acute coronary syndrome and percutaneous
coronary intervention; heart failure; atrial fibrillation; and valvular heart

disease.?

Step 2: evidence synthesis and constructing data
standard specifications

The specifications of the data standards are determined by the inclu-
sion and exclusion criteria and the clinical setting(s) for which the data
standards are applicable. Such specifications are defined by the Work-
ing Group members and developed from a conceptual framework of
the patient journey. This facilitates the selection of variables and ensures
that the registry captures information relevant to the continuum of the
patient care. This step is achieved by close working between the Data
Science Group and members of the Working Group through the follow-
ing steps:

® |dentifying the target population, which is the cohort of patients for
whom the data standards are intended to be used (e.g. patients with
acute coronary syndrome).

® Determining the clinical setting(s) for the data standards in de-
velopment (e.g. in-hospital care for patients with acute coronary
syndrome).
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Table 2 Criteria for the selection of the EuroHeart data variables

Criteria

Importance

Variables related to quality indicators that are important for monitoring and benchmarking of quality of care.

Variables related to areas where there are disparities or suboptimal care.

Variables addressing appropriateness of medical interventions.

Evidence base
Validity
Reliability
Feasibility
Applicability
drug and device monitoring.

Variables based on evidence consistent with current medical knowledge and the ESC Clinical Practice Guidelines.
Variables that can correctly assess what they are designed to measure.

Variables that can be collected and assessed in a reproducible manner, including when collected by different people.
Variables can be collected and assessed readily and easily within acceptable time frames.

Variables that support the purpose of the registry, e.g. quality improvement, observational and randomized research, and

ESC, European Society of Cardiology.

® Conducting a systematic literature review to identify existing reg-
istries and data standard documents pertinent to the clinical area.

A systematic review of the literature, required for the construction of
the candidate data variables, is undertaken by the Data Science Group.
The review aims to identify data variables relevant to the proposed clin-
ical domain and assess their importance, evidence base, validity, reli-
ability, feasibility, and applicability in relation to contemporary knowl-
edge (Table 2).%"> Data variables may be adopted from clinical trials,
registries, or published data standard documents. The search strategy
involves the use of medical online databases including, but not limited
to, PubMed®, MEDLINE®, and Embase®, using MeSH (medical subject
headings) terms. In addition, Clinical Practice Guidelines from the ESC
and other professional organizations, as well as other statements such
as consensus documents and quality indicators, are important sources
for the candidate data variables.'® The latter provide tools for measur-
ing processes of care that can be captured in registries and thus form an
essential source for candidate variables. Of note, the ESC quality indica-
tors applicable to the domain in development are automatically selected
as candidate variables.

In addition to systematic reviews, qualitative comparisons between
identified registries help evaluate the feasibility of the candidate data
variables within their respective registries. Case report forms and pub-
lished articles from the identified registries are reviewed, and information
mapped to a single tabular form and qualitatively assessed in relation to
the quality of data reported.

Step 3: selection of variables, permissible values, and
definitions

The third step aims to build consensus on the candidate variables
extracted from the systematic literature review. When selecting the
variables, careful attention is paid towards balancing completeness vs.
complexity, so that variables may be readily and reliably obtained in
naturalistic clinical settings. The main goal is to focus on variables that
capture the patient, treatment, and outcome characteristics.

The selection of variables from a pool of candidate variables is de-
termined using a modified Delphi process. As such, the Data Science
Group presents the results of the systematic literature review to the
Working Group members who are also informed with the voting cri-
teria."”"'® Each variable is voted upon by each member of the Work-
ing Group. This process is anonymous, iterative, and interposed with a

series of web conference meetings, along with extensive correspon-
dence by e-mail. To facilitate the selection process, preliminary permis-
sible values and definitions may be provided for each variable before the
Delphi voting. Variable definitions include a concise description of the
component of care being captured with all relevant information. For in-
stance, the collection of data about the measurement of cardiac troponin
in an acute coronary syndrome registry requires the specification of the
time of the measurement (e.g. within 24 h from hospital admission), the
type of assay used (e.g. high-sensitivity troponin T), the units of mea-
surement (e.g. ng/L), and the permissible value data type and format
[e.g. numerical value vs. binary (elevated, non-elevated)].

Based on the voting results, the EuroHeart variables may be classified
into three levels (Table 3). Level 1 variables are considered essential and
mandatory by the Working Groups and are consequently both defined
and pre-programmed into the EuroHeart IT platform. Many of the level
1 variables include key patient and disease characteristics, guideline rec-
ommended treatments, pre-defined quality indicators, and other vari-
ables pertinent to accountability and public reporting of quality of care.
Level 2 variables are optional but relevant to clinical practice. Standard-
ized definitions are provided for level 2 variables, but they are not pre-
programmed into the EuroHeart IT platform. Country-specific level 3
variables, which may address regulatory or administrative requirements,
can be integrated into the EuroHeart IT platform locally.

Following the selection of variables, the permissible values and defi-
nitions for variables are finalized based on the data available from the
literature review as well as the comments and feedback obtained during
the modified Delphi process by members of the Working Group. The
proceedings of the Working Group are then assembled by the Data Sci-
ence Group and a draft of the data standards is compiled.

Step 4: wider validation of the developed data standards
The developed data standards are reviewed independently by the mem-
bers of the Reference Group, by online surveys, web conference meet-
ings, or e-mail correspondence. This validation process aims to assess the
suitability of the proposed variable for application in various registries
and across different countries. Furthermore, this step aims to assess the
external generalizability of the data standards and their suitability to be
used for different purposes such as benchmarking, quality improvement,
observational and randomized clinical trials, and drug and device safety
surveillance. The Data Science Group collates input from members of
the Reference Group, and prepares a document with the final data
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Table 3 Level of variables in the EuroHeart data standards

Level Definition
Level 1 Variables that are mandatory to collect and that are clinically defined and pre-programmed into the EuroHeart IT platform.
Level 2 Variables for which standardized definitions are provided, but the collection of these variables is not mandatory, and the

variables are not pre-programmed into the EuroHeart IT platform.

Level 3 Variables that are locally defined and ‘country-specific’ and that, for example, address local regulatory or administrative
requirements. These variables are not provided in the data standards and are not pre-programmed into the EuroHeart IT

platform.

variables, permissible values, and definitions that is then circulated among
the members of the Working Group for final approval. Once approved,
the data standard document is sent to relevant professional cardiovascu-
lar associations for formal endorsement before being submitted for pub-
lication. Revised data standards are periodically published online as a sup-
plement and on the EuroHeart website (www.escardio.org/euroheart).

Step 5: implementation of the developed data
standards into the EuroHeart IT platform

The EuroHeart data standards are pre-programmed into the EuroHeart
IT platform that is delivered to interested countries based on their exist-
ing infrastructure and their willingness to adopt the EuroHeart IT plat-
form that is periodically updated. In addition, this platform collects and
automatically calculates and reports many of the ESC quality indicators
for the respective clinical domain area with a comparison between the
centre’s performance and the national average being presented. For in-
stance, the EuroHeart IT platform for acute coronary syndrome and
percutaneous coronary intervention allows the automatic calculation
and feedback on the majority of the ESC quality indicators for acute
myocardial infarction.'” Alternatively, countries may implement the
EuroHeart data standards into their existing data collection platforms,
or use the data standards without an [T infrastructure.

Discussion

This paper describes the EuroHeart methodology for the develop-
ment of data standards for cardiovascular disease. During recent
years, the adoption of clinical registries, administrative databases,
and EHRs has opened up major opportunities for cost-efficient

20-23 However,

observational and randomized clinical studies.
comparison and collaboration between different data sources re-
main complex, mostly due to varying data variables and defini-
tions with non-standardized vocabulary for presenting clinical con-
cepts. Standardized data variables, permissible values, and definitions
would provide opportunities to overcome this ambiguity and en-
able collaboration between various data sources and facilitate effi-
cient exchange of data and delivery of international observational
and randomized research and quality improvement. The framework
in this paper provides a structured methodology for developing clin-
ical data standards, underpinned by an approach that encompasses
scientific evidence and expert opinion.

Today, cardiovascular disease accounts for a substantial health
and economic burden in Europe and globally, with an increasing
burden especially in developing countries.?* Data from national

registries, health surveys, and administrative records show persist-
ing geographic and social variation in cardiovascular morbidity, mor-
tality, and treatment.?*2° By implementing a common lexicon with
data standards into national registries in Europe, pooled data from
multiple geographical locations might be used for quality improve-
ment, benchmarking of care providers, and research. Existing na-
tional cardiovascular registries, clinical trial case report forms, and
EHRs are distinct entities with varying data variables, permissible val-
ues, and definitions. This limits the possibilities of linkage between
large datasets and collaborative initiatives. To address these limita-
tions, initiatives such as the Cardiology Audit and Registration Data
Standards (CARDS) and the ACC/AHA have established Task Forces
for developing data standards.'®"? However, the data standards pre-
sented by CARDS were established in 2004 and are now outdated."?
In contrast, data standards presented by ACC/AHA have recently
been updated using a similar methodology to the one presented in
this paper, but are designed for the American healthcare system and
are not implemented into a bespoke IT platform.'%26:7 |n addition,
the ACC/AHA data standards often include over 300 variables that
are challenging to capture in real-life clinical settings.%”

EuroHeart is an international collaboration that aims to improve
the quality of cardiovascular care and facilitate observation and ran-
domized research through continuous and longitudinal capture of
individual patient data." To achieve this aim, a purpose-built IT plat-
form enabling real-time data collection and monitoring of standards
of care is delivered in parallel with cardiovascular data standards.
Once fully adopted, the IT infrastructure will facilitate pragmatic
R-RCTs, surveillance of device therapies, and observation research
with pooled data from several European countries.'> Nonetheless,
the success of this type of research using linked datasets from sev-
eral geographical locations is dependent on the harmonization of
clinical data variables, permissible values, and definitions.

We believe the methodology described in this paper provides a
transparent and organized approach for the development of clinical
data standards. Not only does this ensure consistency across the
various cardiovascular domains that EuroHeart is planning to cap-
ture, but it also provides a scientific base, validity, and hopefully wide
acceptance of the developed data standards. The completion of a
systematic review of the literature enables the collection of data
variables that are contemporary and relevant to current practice.
In addition, the use of a modified Delphi method to build consen-
sus and the obtaining of feedback and endorsement from various
stakeholders provide a wide representation and perspective to the
developed variables. The proposed methodology has now been, and
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is being, used for the development of data standards for several car-
diovascular domains, including acute coronary syndrome, heart fail-
ure, atrial fibrillation, and valvular heart disease.

The methodology for development of clinical data standards is in-
clusive of clinical ‘content’ and ‘patient’ experts from a range of ge-
ographic, experiential, and specialist backgrounds. Still, the method
is not without limitations. Given the nature of the topic, the selec-
tion of data variables by content experts may be prone to biases,
subjectivities, and/or conflicts of interest.”2® Members of the Data
Science Group and Working Groups are required to disclose all rel-
evant relationships with industry; however, as the data standards
do not include any recommendations for clinical care, the poten-
tial for conflict of interest is likely to be negligible. Furthermore, the
proposed methodology encompasses scientific evidence (e.g. sys-
tematic literature review, qualitative comparison between existing
registries) and the use of the modified Delphi process and involves
a Reference Group including patients, young cardiologists, and rep-
resentatives from the nursing and allied healthcare professional com-
munity. However, we recognize that there may have been pressure
for experts to provide results within a timeline and this may have
‘forced decisions’. Despite efforts to select variables based on pre-
specified criteria (Table 2), future updates will have to re-evaluate
the selected variables based on accumulated data on their reliability
and feasibility. Translation of these data standards into computa-
tional phenotypes to enable syntactic interoperability (i.e. the ability
for systems to communicate and exchange data) and semantic in-
teroperability (i.e. the ability for systems to communicate, effectively
exchange, interpret, and use data) is also relevant but beyond the
scope of the EuroHeart project at present.?’

Conclusions

This paper provides a methodology for development of clinical data
standards based on scientific evidence and expert consensus. It is an-
ticipated that data standards developed using the proposed frame-
work will have a wide applicability in various settings, including reg-
istries, clinical trials, EHRs, and public reporting programmes. As a
part of the EuroHeart project, the developed data standards, and
their implementation into a functioning IT platform, will facilitate
standardized pan-European data collection, reporting of quality in-
dicators, observational and registry-based randomized research, and
post-marketing surveillance of devices and pharmacotherapies. The
anticipation is that the proposed methodology may also be adopted
by other initiatives when developing clinical data standards.
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