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With the emergence of electronic health record (EHR) systems, the application of big data
research, including support from artificial intelligence, has the potential to massively enhance
the value of routine data in healthcare. Big data research can also play a crucial role in
generating evidence for clinical practice guidelines. One major advantage is the dynamic
provision of contemporary evidence, which can update policies often based on historical
studies that do not reflect current disease burden or modern management strategies.
Additionally, big data analysis can address patients with multimorbidity that are not well
represented in clinical trials that underpin practice guidelines. However, there are several
major obstacles and limitations to using routine care data, such as data access and quality,
privacy and security. Data are often not standardized, with limited interoperability between
data sources. The COVID-19 pandemic has illustrated the need for open-access contemporary
healthcare data, and the urgency to develop new approaches to improve data anonymization
and pseudonymization whilst preserving transparency and traceability of data. The retractions
of COVID-19 studies using the Surgisphere registry [1,2] are a clear signpost that guidance is

needed to build trust using EHR data for evidence generation.

Transparency of data handling is of critical importance to report trustworthy results obtained
from routine care data and enable validation across different clinical settings. Clarity from a
broad range of stakeholder perspectives is critical to direct this new scientific discipline,
including regulators, healthcare professionals, journal editors, payers and, most importantly,
the general public. Lack of public trust is detrimental to big data research and the willingness
to share healthcare data, and adherence to data privacy laws does not guarantee societal
approval. Studies indicate that individuals and the general public are cautiously supportive of

sharing their health information, but have worries about data misuse and commercial



exploitation [3]. Obtaining a social license can boost big data initiatives by fostering
accountability and sustainability in health data sharing while still adhering to existing
regulations. Engaging early with patients and the public in the research process can establish a

solid foundation for big data research studies and produce more relevant results to society.

It is important to emphasize that EHR systems were originally not developed for research
purposes (with corresponding strict clinical definitions and standards) but built for business
intelligence usage. Heterogeneity in phenotype definitions therefore exists between EHR
systems and also between regions, countries and disease domains which inherently leads to
variation in data quality that will affect any subsequent analysis. Another source of variation
are missing data and the use of unstructured data such as free text within EHR systems.
Variation in data collections has motivated national audit registries to start working on
minimal datasets with only discrete variables and adopt standards to facilitate comparative
research for quality of care. Similar limitations apply to research and therefore the ESC has
embraced EuroHeart to foster collaboration across Europe to harmonize disease and outcome
definitions [4]. Harmonization of phenotypes and outcomes are not only relevant to
observational research - EHR data are now being used in clinical trials to support drug and
device development and application, providing access to large patient numbers, unbiased
follow-up, and near-indefinite monitoring of safety and durability of effect [5,6]. However,
long-term follow-up may still be limited in some healthcare regions due to interoperability
and governance issues that allow for linkage between hospital-based EHR systems, national

outcome registries and/or primary care data.

All these challenges need to be known to readers of published studies, but also to researchers
at the start of their study to plan ahead on solutions that can improve transparency and quality.

Despite the availability of numerous reporting standards, there is no consensus on how to



realize the Findable, Accessible, Interoperable, and Reusable (FAIR) principles in the context
of structured routine healthcare data [7]. A quality framework is needed to enhance the design
and deployment of clinical research that depends on these increasingly crucial new sources of

data.

To meet these challenges, an international stakeholder meeting was organized by the ESC and
the BigData@Heart Consortium, including regulators (European Medicines Agency, US Food
and Drug Administration), governmental agencies (European Commission, the UK National
Institute for Health and Care Excellence, Innovative Medicines Initiative), leading medical
journals (BMJ, European Heart Journal, The Lancet, Lancet Digital Health), and patient
advocacy (European Heart Network, ESC Patient Forum), along with representatives from the
pharmaceutical industry, payers and academic institutions. Following an iterative process and
multiple workshops, the CODE-EHR best practice framework for the use of structured
electronic health data was developed (Figure 1) to guide researchers and provide
transparency on data construction, coding systems, analytical methods, information
governance, and patient & public involvement [8,9,10]. CODE-EHR is more than a reporting
checklist for publication purposes — it aims to guide investigators that are using routine
healthcare data to design and conduct their study appropriately to achieve an optimal output.
More importantly, use of CODE-EHR provides the opportunity to validate the results of
studies by other researchers, achieving better implementation into the clinical care setting and
the prospect of improving patient care. Adoption of this framework has now been included in
the instructions to authors at the European Heart Journal and other major journals, helping to
build trust among researchers, clinicians, regulators and eventually the public to fully embrace

the opportunities provided by routine healthcare data.
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Figure Legends

Figure 1: The CODE-EHR framework. A minimum and preferred standards checklist for
the use of structured electronic healthcare records in clinical research is available at

https://www.escardio.org/bigdata and https://www.equator-network.org/reporting-

guidelines/code-ehr-best-practice-framework-for-the-use-of-structured-electronic-health-care-

records-in-clinical-research/.
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