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Abstract 

The availability of large datasets from multiple sources (e.g., registries, biobanks, electronic 

health records (EHRs), claims or billing databases, implantable devices, wearable sensors and 

mobile apps), coupled with advances in computing and analytic technologies, have provided 

new opportunities for conducting innovative health research. Equally, improved digital access 

to health information has facilitated the conduct of efficient randomized controlled trials 

(RCTs) upon which clinical management decisions can be based, for instance, by permitting 

the identification of eligible patients for recruitment and/or linkage for follow-up via their 

EHRs. Given these advances in cardiovascular data science and the complexities they behold, 

it is important that health professionals have clarity on the appropriate use and interpretation 

of observational, so-called “real-world”, and randomized data in cardiovascular medicine.  

The Cardiovascular Roundtable (CRT) of the European Society of Cardiology (ESC) held a 

workshop to explore the future of RCTs and the current and emerging opportunities for 

gathering and exploiting complex observational datasets in cardiovascular research. The aim 

of this paper is to provide a perspective on the appropriate use of randomized and 

observational data, and to outline the ESC plans for supporting the collection and availability 

of clinical data to monitor and improve the quality of care of patients with cardiovascular 

disease in Europe and provide an infrastructure for undertaking pragmatic RCTs. Moreover, 

the ESC continues to campaign for greater engagement amongst regulators, industry, 

patients, and health professionals in the development and application of a more efficient 

regulatory framework that is able to take maximal advantage of new opportunities for 

improving the design and efficiency of observational studies and RCT in patients with 

cardiovascular disease. 
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Introduction 

Insights from observational studies have contributed greatly to the reduction of the burden 

of cardiovascular disease through 1) the identification of associations between risk factors 

and diseases; 2) the evaluation of geographical and temporal trends in cardiovascular care 

and outcomes; 3) the implementation of quality improvement through audit and feedback; 

4) the investigation of the value of interventions; and 5) the generation of hypotheses for 

future studies. For those treatments that have big effects on rare outcomes, large-scale 

observational studies may be sufficient to confirm causal associations. However, for the 

majority of therapies only modest treatment effects on common outcomes are to be 

expected. In these circumstances, observational studies are at risk of uncontrolled biases, and 

randomized comparisons remain central to the provision of high quality evidence on the 

effectiveness and safety of interventions. 21st century developments in information 

technology provide enhanced data collection opportunities for both types of studies. 

 

Appropriate Use of Large Randomized Clinical Trials 

Unbiased Assessment of Treatment Efficacy and Safety 

Randomized control trials (RCT) of sufficient size are required to ensure that any moderate 

benefits and any moderate harms of a treatment are assessed reliably. 1-3 By virtue of 

randomization, RCTs allow the allocation of groups of patients who differ from each other 

only by the play of chance with respect to their risks of having all types of health outcome - 

thus observed differences in the rates of health outcomes may be attributed causally to 

differences in study treatment. Additionally, non-differential outcome ascertainment 

between the trial arms minimizes bias in the assessment of treatment effects. The latter can 
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be further enhanced by blinding, which is likely to be of most value for symptomatic adverse 

events that are subjective. 

 

RCTs have important limitations, although many of these can be overcome by careful trial 

design. 4 For example, restrictive eligibility criteria may lead to concerns about the 

generalizability of the results to under-represented groups (e.g., women, ethnic minorities) 

or complex patients with multimorbidity, as seen in routine clinical practice. On the other 

hand, RCTs with broad eligibility criteria may have insufficient statistical power to detect 

treatment effects that may only be present in a specific subpopulation. In the design phase, 

careful consideration of the most appropriate population to be recruited in a RCT is critical. 5 

 

Recruitment of large numbers of patients and long durations of follow-up circumvent many 

of the limitations of RCTs. Over several decades, large-scale cardiovascular trials have 

successfully achieved these aims, providing reliable results that have transformed clinical 

practice worldwide. Yet, burdensome regulations and their overzealous application by 

academic and commercial research organisations mean that such trials are very costly and 

concerns have been raised about the sustainability of this model of research. 6 There is 

general agreement that, whilst a tight regulatory framework may be appropriate for early-

phase RCTs, its ubiquitous application to all clinical trials stifles the ability to test new 

treatments but does not necessarily ensure patient safety and data quality, and indeed there 

are moves to try to address this at an international level. 7 In the meantime, the availability 

of electronic health records (EHRs) to assist recruitment and follow-up of RCTs does already 

permit more cost-effective streamlined approaches to be used, 8 and allow high-quality 

robust trial evidence to be achieved at significantly lower costs. 9-11 
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In spite of such developments, many questions remain unanswered because of a lack of 

resources to fund traditional multicentre RCTs. As a result, it is increasingly advocated that 

observational data from so-called “real-world” sources may be useful to address some of the 

limitations of RCTs. However, caution must be exercised to ensure that the shortcomings of 

observational data (e.g., systematic bias, confounding, reverse causality, and play of chance) 

do not get masked by the enthusiasm for the depth and breadth of information that can be 

obtained as a result of technological advances. 

 

Appropriate Use of Observational Data 

Observational data from purposely-designed cohorts and case-control studies may assess the 

burden and natural history of disease, evaluate quality of care, identify novel risk factors or 

prognostic markers of cardiovascular disease, and inform the identification of new 

therapeutic targets. 12 Analyses of observational data that report associations between 

exposures (e.g., lipid sub-particles) and outcome (e.g. stroke) can generate hypotheses for 

prospective testing in a RCT.13 The results of observational analyses must, however, be 

interpreted in the context of their limitations. With the exception of those cases where large 

effects of treatment on rare outcomes are observed (for example, statin therapy and 

rhabdomyolysis), causality cannot be inferred, and the nature and strength of associations 

can be impacted by confounders. For example, observational studies have reported 

associations between statin use and reduced cancer incidence rates, 14 yet, based on over 

10,000 cases of incident cancer in the Cholesterol Treatment Trialists Collaboration meta-

analyses of individual patient data from randomized trials, there were no adverse effects seen 

on rates of cancer either overall or at any particular site. 15 Thus, it is important to recognize 
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the potential for analyses of observational data to be misleading, despite controlling for 

comorbidity, extent of disease, treatment used, and other characteristics and attempts to 

simulate an inception time to mimic randomization. 16, 17 Furthermore, even when analyses 

are applied to the same data set, substantial variation in the estimated effect size can emerge 

as a result of researchers’ choices and assumptions during analysis. 18  

 

Disease Reclassification, Intelligent Design of RCTs and Drug Target Identification 

Application of artificial intelligence and machine learning to omics data, EHRs, environmental 

and lifestyle information (e.g., from smartphone applications and wearable sensors) may 

allow for improved classification of disease to inform both observational studies and RCT 

design. The WHO’s International Classification of Disease (ICD) relies on organ systems, as 

reflected by the current organization of medical practice by specialty. However, biological 

processes may not be confined to one organ system. For example, a lung cancer with a specific 

somatic mutation may behave more like a tumour in another organ than other lung cancers. 

Better classification of disease based on mechanistic underpinnings may permit better RCT 

design by including individuals with a more precise disease definition. 19 There is also 

increasing enthusiasm for using advanced analytics to determine patient profiles which may 

predict treatment response or susceptibility to adverse events to enable recruitment of 

patients most likely to benefit and least likely to experience harm. Genetics may help identify 

high-risk patients, 20, 21 uncover and validate (e.g., by using Mendelian randomization 

techniques) novel drug targets, 21-23 predict potential off-target effects of new compounds, 

and facilitate the identification of patients who may be more likely to respond to a specific 

treatment. 24 
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This strategy is attractive due to the potential to: 1) maximize benefits to patients while 

minimizing potential harms; 2) achieve larger treatment effects in specific groups enabling 

RCTs to be conducted more efficiently; 3) reduce late-stage therapeutic development failures; 

and 4) avoid erroneously declaring a drug as ineffective when it might be a life-saving therapy 

for specific patient subsets. 

 

However, caution must be exercised in the interpretation of such results, and any new 

hypothesis that arises from observational data, no matter how ‘precise’, is likely to require 

confirmation by a RCT. For example, after the dal-OUTCOMES trial showed no effect of 

dalcetrapib compared to placebo (plus standard of care) on the primary composite efficacy 

endpoint,25 a genome wide association study was performed and observed that 

polymorphisms in the ADCY9 gene appeared to be associated with different effects of 

dalcetrapib on both clinical outcomes and carotid intima-media thickness. 24 These findings 

led to the design of an ongoing RCT to prospectively evaluate whether dalcetrapib compared 

to placebo will reduce cardiovascular morbidity and mortality in ~6000 patients with the 

target genotype and a recent acute coronary syndrome (Dal-GenE, clinicaltrials.gov 

NCT02525939, which is likely to report in 2020). 

 

Feasibility Assessments for RCTs 

Observational data, particularly from EHRs or prospective continuous registries, may be used 

to assess the feasibility of a RCT. EHRs or registries can be pre-screened to determine the 

number of patients that would meet proposed eligibility criteria. If the number of potentially 
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eligible patient outcomes is found to be low in such analyses, the inclusion and exclusion 

criteria may need to be re-evaluated and modified. Review of EHRs or registries to identify 

potentially eligible patients can also inform site selection, such that only those centres with 

large numbers of potentially eligible patients are invited to participate. Similarly, the study of 

rare diseases (be this in observational or randomized format) may be facilitated by scoping 

searches for rates of prevalence or incidence within and between centres. 

 

Registry-based and Pragmatic RCTs 

Registry-based and pragmatic RCTs increase opportunities to resolve issues in medical 

treatment through randomization and follow-up of patients within health care systems. 26-31 

Beside the non-trivial advantage of substantially lowering costs, this approach may also 

provide more generalizable results whilst circumventing the inherent limitations of 

observational analyses.32, 33 As with all trial designs it is important to ensure that the registry 

is large enough to allow sufficient recruitment and statistical power for the trial’s question to 

be addressed robustly and the use of EHRs for trial recruitment and follow-up has not been 

uniformly effective. Further potential limitations are the quality and accuracy of the registry 

data and the need for clinical end-points that may not be routinely recorded within the 

registry, or adequately coded by the EHR system. The potential value of very large datasets 

may be severely restricted by poor data quality or large amounts of missing data. Some of 

these shortcomings can be addressed by data linkage across different datasets within a 

country. Amongst the advantages of using EHRs to follow-up patients recruited to RCTs are a 

more complete and longer-term data collection and the possibility to detect unanticipated 

endpoints, such as adverse drug reactions. 
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SWEDEHEART (Swedish Web System for Enhancement and Development of Evidence-based 

Care in Heart Disease Evaluated According to Recommended Therapies) is an online national 

cardiac registry that has provided the infrastructure for several completed RCTs (e.g., 26-29) 

with many others ongoing. SWEDEHEART has the advantage of including all Swedish patients 

admitted to hospital for coronary artery disease and of having a complete follow-up for all 

types of treatments and events, including specific endpoints, adverse events, co-morbidities 

and concomitant treatment both during and after each RCT. However, the geographic 

restriction to Sweden limits the size and representativeness of participants that may be 

included in any RCT. 

 

Registries in other populations have been successfully used to determine trial outcomes and 

can be particularly informative for long-term follow-up after the end of the scheduled 

treatment period. For example, the WOSCOPS study used Scottish health record data, first in 

a validation study (by comparison with the clinic follow-up during the active trial period) and 

subsequently to provide long-term follow-up beyond the active trial period. 34, 35 

 

Assessment of Adherence to Practice Guideline Recommendations 

Adherence to evidence-based guideline recommendations has been associated with 

improved outcomes.36-38 Prospective disease-specific registries can serve as a platform to 

evaluate the use of recommended therapies and to launch performance improvement 

initiatives that aim to increase the implementation of guideline recommendations in clinical 

practice. For this purpose, relatively small “snapshot” surveys in a variety of diverse settings 
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can provide generalizable information. The EURObservational Research Programme (EORP; 

https://www.escardio.org/Research/Registries-&-surveys) was developed by the ESC to 

assess the adoption of guideline recommendations and, whenever possible, evaluate its 

impact on patient outcomes. 

 

Several disease and treatment-specific cardiovascular registries have been initiated (Figure 

1), which have enabled evaluation of guidelines adherence across Europe and, importantly, 

provided insights into why guideline recommendations were not implemented, which in turn, 

may assist policymakers in designing more efficient systems.39 Observational registries that 

assess physician adherence to guidelines may also be used by professional organizations (e.g., 

ESC or National Cardiac Societies) to develop targeted educational programs aiming to 

improve the implementation of evidence-based treatment of cardiovascular disease. 

 

Evaluation of Drug Safety 

Safety surveillance is an accepted use of observational evidence. The United States Food and 

Drug Administration (FDA) launched the Sentinel System (https://www.fda.gov/safety/fdas-

sentinel-initiative/fdas-sentinel-initiative-background) in 2008 to achieve active post-market 

safety surveillance.40, 41 The system includes data from administrative and claims databases, 

EHR systems, and registries from more than 100 million individuals. Researchers can use these 

large observational datasets to detect rare signals in broad populations. In addition, the 

system includes processes for signal generation (i.e., identification of medical product-

adverse event associations that may be safety signals), refinement (i.e., further investigation 
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of potential safety signals), and evaluation (i.e., study of causal relationships between 

exposure and adverse events). Further outcomes from this initiative are eagerly awaited.  

 

ESC Plans for Supporting Innovation and Promoting Better Quality of Care in 

Europe  

Partnerships for improving risk prediction using big data approaches 

Clinical risk prediction and decision support algorithms in cardiovascular disease are rapidly 

proliferating. Data derived from EHRs and registries may outperform traditional risk scores 

and new approaches to data management and information pipelines may enable them to be 

rapidly updated in the light of new imaging, biochemical, and genomic biomarkers. 

Predictions may also be improved by incorporating clinical trajectories, whereby cumulative 

data are used to develop an electronic decision tool to stratify patient risk and / or outcomes. 

42 Combining large-scale genomic data with clinical outcomes in Mendelian randomization 

(MR) analyses may generate new causal insights but also indicate new targets for drug 

treatment. 

 

BigData@Heart is an Innovative Medicines Initiative-2 (IMI-2)-funded project, which aims to 

apply big data analytic approaches to improve the prediction and prognosis of the most 

common cardiovascular diseases in Europe. 43 The ESC, in partnership with a number of 

European academic research groups and pharmaceutical companies, have joined forces to 

develop a big data driven translational research platform. BigData@Heart has access to most 

of the relevant large-scale European databases, ranging from EHR and disease registries to 
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well-phenotyped clinical trials and large epidemiological cohorts enriched with –omics data, 

including data on more than five million patients with acute coronary syndromes, atrial 

fibrillation, and heart failure (https://www.bigdata-heart.eu/) and about 20 million controls 

without the diseases. By accessing and harmonizing European-wide data sets, the ambition is 

to design algorithms that predict the evolution of disease, based on medical history, hospital 

records, and country-specific statistics. Using all available data across data modalities, 

combined with machine learning or Bayesian network models, is expected to further refine 

outcome prediction. 44 In addition, BigData@Heart will explore and set standards for the use 

of large and heterogeneously distributed data sets. Investigations include data mapping using 

common standards, federated data analysis obviating the need for central data bases, and 

the legal and ethical aspects of using consented and unconsented data, in view of the EU 

general data protection regulation but also across countries with varying privacy rules. 

 

The ESC EUROHEART Project 

A particular challenge in most European countries is the lack of continuous gathering of 

standardized data from clinical care and of long-term follow-up of outcomes. Currently, very 

few countries have standardized variables in EHRs or continuous prospective registries, such 

as the SWEDEHEART system. There are also very few incentives and a general lack of time and 

funding to start-up and run such systems. 

 

To overcome these obstacles, the ESC has decided to launch the EUROHEART (European 

Unified Registries for Online Heart care Evaluation And Randomized Trials) program, the aim 

of which is to support the development of continuous on-line registries in all countries 
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interested in implementing quality of care improvement in patients with cardiovascular 

disease at the local/national level and to support both observational research and RCTs at 

national and international level. 

 

The EUROHEART collaboration will develop internationally standardized and locally adapted 

datasets by using an IT platform that will be adjusted to national needs and regulations and 

implemented at the national level by each participating country. Such a platform will also 

provide on-line tools to support local quality improvement initiatives. Importantly, each 

participating centre and country will have the opportunity to join international observational 

research programmes and RCTs. In parallel, the ESC will also ensure that its members are 

equipped with the knowledge to critically appraise such data by offering a postgraduate 

Master’s degree (https://www.escardio.org/Education/Postgraduate-Programmes/msc-in-

clinical-trials; https://www.ndph.ox.ac.uk/study-with-us/msc-clinical-trials ), as well as 

shorter training programmes, in clinical trials and observational research. 

 

The EUROHEART project is a pivotal component of the ESC strategy for improving 

cardiovascular care in Europe and for creating an international infrastructure within which 

affordable streamlined randomized clinical trials can be undertaken. Nevertheless, the 

potential of this programme will not be fully realized without reducing the regulatory 

obstacles to the undertaking of RCTs. 7 To this end, the ESC will continue to campaign 

(https://moretrials.net/) for greater engagement among regulators, industry, patients, 

charities (https://wellcome.ac.uk/news/pivotal-moment-clinical-trial-regulations) and 

scientific and academic organisations in the development of clinical trials regulations that are 

efficient and ensuring patient safety. 
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Conclusion 

Rapid advances in analytic technology and increasing opportunities to mine readily accessible 

data sets provide exciting prospects for advancing knowledge and improving clinical care. 

Observational data can refine understanding and classification of cardiovascular disease, 

generate new hypotheses, and support the implementation and delivery of equitable care in 

all European countries (Figure 2). However, despite the depth and breadth of the data that 

can currently be obtained, if attempts are made to infer causality from observational data the 

inherent risk of confounding, play of chance, and reverse causality will still remain. 

Nonetheless, technological advances can significantly aid the design and conduct of RCTs and 

facilitate the generation of reliable evidence on the efficacy and safety of treatment. When 

coupled with concerted efforts to address RCTs regulatory obstacles, projects such as 

EUROHEART have considerable potential for promoting innovation and improving 

cardiovascular healthcare in Europe.  
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Figure 1. The ESC EURObservational Research Programme Registries. Note that the duration 
of registries includes patient follow-up. 

 

 

 

  



Page 17 of 23 
 

Figure 2. Pragmatic registry or electronic health record (EHR)-based randomized control trials 

combine the advantages of randomized and observational research and are substantially less 

expensive. 

 

  



Page 18 of 23 
 

 

Table 1. Type of Observational Data and Potential Uses 

Type Potential Uses Examples Strengths Limitations 
Large 
prospective 
biobanks 

To assess the link 
between 
environmental 
and genetic 
exposure and 
disease. 
 
To study the 
natural history of 
disease. 
 
To identify new 
potential drug 
targets. 
 
To construct or 
refine risk scores. 
 
 

China Kadoorie 
Biobank 
http://www.ckbiob
ank.org/site/ 
 
UK Biobank 
http://www.ukbiob
ank.ac.uk/  
 
All of Us 
https://allofus.nih.g
ov/ 

Generally less 
prone to 
problems of 
reverse causality. 
 
Facilitate the 
study of different 
disease 
outcomes. 
 
Can be integrated 
with other data 
sources (e.g., 
EHR). 

Statistical 
adjustment may be 
unable to 
completely control 
for potential bias 
introduced by 
known or unknown 
confounders (e.g., in 
nested case-control 
studies). 
 
Large samples 
needed with 
detailed 
phenotyping since 
effect sizes are 
usually modest. 
 
Biochemical and 
omics results may 
vary across different 
platforms. 

Registries/ 
Surveys 

To evaluate 
disease burden 
and plan 
resources 
 
To assess 
implementation 
of evidence-
based therapies 
and its impact on 
outcomes. 
 
To provide 
quality 
improvement 
feedback. 
 
To inform the 
development of 
and assess the 

AHA Get With the 
Guidelines 
https://www.heart.
org/en/professional
/quality-
improvement/ 
 
SWEDEHEART 
http://www.ucr.uu.
se/swedeheart/ 
 
EORP 
https://www.escar
dio.org/Research/R
egistries-&-surveys 
 
NICOR 
https://www.ucl.ac
.uk/nicor  

Generalisable. 
 
Reflect routine 
clinical practice. 
 
Randomization 
can be 
implemented 
within a registry 
platform 

Patient population 
may not be 
comprehensive (e.g., 
limited to patients 
willing to provide 
information). 
 
Evaluate 
associations not 
causality. 

 
In randomized 
registry trials, small 
treatment effects or 
treatment effects in 
a subset of patients 
may be difficult to 
detect since registry 
populations are 
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Type Potential Uses Examples Strengths Limitations 
response to 
targeted 
educational 
initiatives. 
To provide an 
infrastructure for 
pragmatic clinical 
trials. 

typically 
heterogeneous. 
 
Missing data 

Data 
obtained 
from 
electronic 
health 
records 
(EHRs) 

To evaluate 
resource 
utilization and 
survey safety of 
treatments/ 
devices in the 
real world. 
 
To assess 
feasibility and 
facilitate 
recruitment in 
RCTs. 
 
To allow point-of-
care 
randomization 
and 
comprehensive 
passive follow-
up.  
 
To facilitate 
health 
technology 
assessments. 
 

PCORnet 
 
Primary care 
records (eg CPRD , 
https://www.cprd.c
om/ also THIN, 
SystemOne, Q 
research in the UK) 
 
Administrative data 
(Hospital Episodes 
Statistics, HES 
https://digital.nhs.
uk/data-and-
information/data-
tools-and-
services/data-
services/hospital-
episode-statistics in 
the UK ) 
 
Claims data (eg 
Sentinel, 
https://www.sentin
elinitiative.org) 

Representative 
 
Reflect routine 
clinical practice 

 
Comprehensive; 
i.e., Include data 
from every 
patient in a given 
health system 
 
Valuable resource 
for undertaking 
of high-quality 
low-cost RCTs. 

EHR data collection 
has not been 
designed for 
research purposes. 

 
Heterogeneity 
among EHR systems  
 
Data quality may be 
suboptimal (e.g., 
subject to coding 
errors). 
 
Missing data 

 

AHA, American Heart Association; EHR, electronic health records; EORP, EURObservational 
Research Programme; PCORnet, Patient-Centered Outcomes Research network; RCT, 
randomized controlled trials; SWEDEHEART, Swedish Web System for Enhancement and 
Development of Evidence-based Care in Heart Disease Evaluated According to Recommended 
Therapies; NICOR, National Institute for Cardiovascular Outcomes Research 
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