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Abstract 

Cardiovascular registries have provided infrastructures for the conduction of observational 

and, in recent years, randomised research using routinely collected data. Clinical registries 

help identify gaps in care deliver, disparities in practice and stimulate quality improvement. 

However, the lack of integration between related registries increases the burden of data 

collection and limits the ability to combine data from different sources. Thus, there is a need 

to standardise the methods by which clinical data pertinent to cardiovascular disease (CVD) 

are defined and the quality of cardiovascular care is measured across various settings.   

 

The aim of this PhD is to harmonise the clinical definitions of the data variables for common 

cardiovascular conditions and interventions. Such a harmonisation is a prerequisite for the 

integration between cardiovascular registries and their interoperability with electronic health 

records. Thus, routinely collected data may be efficiently utilised for conducting quality 

improvement projects, high-quality clinical research and post-marketing surveillance of new 

drugs and devices.  

 

Under the auspice of the European Unified Registries On Heart Care Evaluation and 

Randomized Trials (EuroHeart) initiative of the European Society of Cardiology (ESC), I led 

the establishment of a methodological process for the development of data standards for 

CVD. In addition, I applied this process and developed standardised clinical definitions for 

several cardiovascular domains, including acute coronary syndrome, percutaneous coronary 

intervention, heart failure, atrial fibrillation and transcatheter aortic valve implantation. I then 

participated in the implementation of the developed standards into the EuroHeart IT platform 

which has been adopted by a number of European countries.   

 

Furthermore, I led the construction of a standardised methodology for the development of 

quality indicators (QIs) for CVD. This methodology was used for the development of QIs for 

a variety of cardiovascular conditions, including acute myocardial infarction (AMI), atrial 

fibrillation, heart failure, CVD prevention and cardiac pacing. I then carried out external 



 x 

validation processes to evaluate the performance of some these QIs, such as AMI and heart 

failure, using data from national registries in Sweden and the UK.  

 

In conclusion, my PhD has been centred around the development, application and validation 

of methodological approaches for the construction of data standards and QIs for CVD. Such 

an endeavour not only addresses an unmet need in Europe, but also enables the conduction of 

international comparative analyses and clinical trials across the continent. The results of my 

PhD will provide a means for the generation of high-quality evidence that may help reduce 

the burden of CVD and improve patient outcomes. 
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PART I 

 

Chapter 1. Introduction  

In this thesis, I will develop a standardised methodology for the construction of clinical 

registries for cardiovascular disease (CVD). Such a methodology enables the harmonisation 

of the various efforts that aim to improve the quality of cardiovascular care and patient 

outcomes. The thesis is structured and presented in accordance with the format of an 

alternative style of doctoral thesis including published material of the University of Leeds.  

 

In Part I, I highlight the limitations of existing cardiovascular registries and the need for a 

unified infrastructure for data acquisition, analysis and reporting. Then, I introduce the 

EuroHeart (European Unified Registries On Heart Care Evaluation and Randomized Trials) 

initiative which aims to harmonise the clinical definitions and the collection methods of 

cardiovascular data. In Part II, I outline the accomplishments of my PhD studies by 

presenting the published papers that are pertinent to the development of a pan-European 

system for cardiovascular data capture and quality improvement. PART III comprises a 

critical discussion of the presented material in the context of the literature, with an overview 

of potential future directions and challenges. Figure 1 provides a central illustration of my 

PhD studies and accomplishments.  

 

Figure 1. Central illustration of this PhD studies and accomplishments. 
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1.1 Burden of cardiovascular disease  

This section aims to highlight the burden of CVD in Europe and the unwanted variations in 

the delivery of care and patient outcomes within and between countries. In addition, it 

presents comparisons of the expenditure on cardiovascular care between different European 

countries based on published data from international registries and surveys. 

  

1.1.1 Morbidly and mortality from cardiovascular disease   

Despite the advances in CVD treatment and preventive technologies, it remains the most 

common cause of morbidity and mortality worldwide.1 According to the 2019 European 

Society of Cardiology (ESC) Cardiovascular Disease Statistics, there were 108.7 million 

ACS=acute coronary syndrome, AF=atrial fibrillation, AMI=AMI, CRF=case report form, CVD=cardiovascular disease, 
CVDP=CVD prevention, DS=data standards, DSG=Data Science Group, ESC=European Society of Cardiology, HF=heart 
failure, NCSs=National Cardiac Societies, PCI=percutaneous coronary intervention, QI=quality indicators, QRCG=Quality 
Registry coordinating Group, RTG=Registry Technology Group, TAVI=transcatheter aortic valve implantation, UCR=Uppsala 
Centre of Research, UoL=University of Leeds.  
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people living with CVD in the ESC member countries in 2017, with 19.9 million new CVD 

cases in the same year.2 Without standardising for age, both the prevalence (55.7 million vs. 

52.9 million) and the incidence (10.3 million vs. 9.6 million) of CVD were higher in women 

compared with men, with a reversed trend in the median rates per 100 000 people for 

prevalence (6190 vs. 7250) and incidence (1006 vs. 1291) after age-standardisation.2 

Furthermore, the median number of age-standardised disability-adjusted life years (DALYs) 

from CVD in 2017 was 4530 per 100 000 inhabitants in the ESC member countries.2  

 

The annual death toll from CVD globally is around 17 million deaths.1 In Europe, a 

substantial decline has been observed in the age-standardised mortality rates from CVD, with 

a particular improvement in survival following ischaemic heart disease (IHD) and stroke.2 

However, CVD remains the most common cause of death in Europe with over 60 million 

potential years of life lost annually to CVD.2 In addition, it is estimated that around 4 million 

people die from CVD in Europe each year accounting for 44% of all deaths.3, 4 Of those, 44% 

deaths are attributed to IHD and 25% to stroke.3, 4  

 

1.1.2 Economic burden of cardiovascular disease 

In addition to its morbidity and mortality, CVD has a substantial economic and financial 

burden. In 2016, the Eurostat and Organization for Economic Co-Operation and 

Development (OECD) reported that CVD was responsible for the largest proportion of 

hospitalisation and pharmaceuticals spending accounting for over 10% of all health 

expenditure in Europe.5 In the UK, it is estimated that CVD costs the National Health Service 

(NHS) around £7.4 billion per year accounting for around 6% of the total budget of the 

NHS.6 This estimation rises to £15.8 billion per annum with the addition of the broader and 

indirect costs of CVD.6 Of note, the estimated annual cost of CVD in France and Germany is 

€15.1 billion and €34.7 billion, respectively.7, 8 In 2016, spending on IHD and hypertension 

in the US was estimated at $80 billion and $71 billion, respectively.9 
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Whilst the economic burden of CVD has increased over the years,2, 9 it is expected to rise 

further with the aging population and the advances in CVD therapeutic strategies.9 The 

World Heart Federation predicts that the global cost of CVD is set to rise to around $1044 

billion in 2030, which is a 20% increase from that of 2010.10 Thus, CVD is a major 

healthcare and economic challenge that affects patients, authorities and healthcare 

professionals around the world.  

 

1.1.3 Variations in cardiovascular disease  

1.1.3.1 Variation in cardiovascular disease care and outcomes  

Data from observational studies and clinical registries show suboptimal attainment for 

guideline-directed therapies for CVD,11-13 with large variations and inequalities in care 

delivery within and between countries.14-16 Consequently, the outcomes of CVD vary across 

regions highlighting the missed opportunity to reduce premature deaths and standardise the 

processes of care for CVD.17, 18 Such a variation is evident in the substantial differences in 

the outcomes of CVD across the ESC members countries, with DALYs ranging from less 

than 1600 to more than 10,000 and observed disparities in the rates of premature deaths from 

CVD between high- and middle-income countries.2  

 

1.1.3.2 Variation in cardiovascular disease health expenditure   

The variation in cardiovascular care and outcomes across the ESC member countries is 

paralleled with substantial differences in healthcare expenditure on CVD.2 The proportion of 

spending on CVD ranged from 10% to over 24% of the total healthcare expenditure,2 with 

large variations in the availability of resources, such as percutaneous coronary intervention 

(PCI) and transcatheter aortic valve implantation (TAVI).2 The rates of PCI ranged from less 

than 500 to over 3500 procedures per million people across the ESC member, while the rates 

of TAVI ranged from less than one procedure to over 200 procedures per million people.2  
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1.1.3.3 Variations in cardiovascular disease data collection systems    

International surveys and prospective registries illuminated patterns of CVD and variations in 

its management across different regions. However, the heterogeneity in the methods by 

which cardiovascular data are coded, captured and analysed between participating countries 

restricts the validity of the comparison and hampers the interpretation of the results.2 Such a 

heterogeneity may result in misclassification bias and large missingness of relevant data due 

to the differences in the clinical definitions of the variables within and between countries.19  

 

Furthermore, the lack of harmonisation in the definitions of cardiovascular data creates a 

disintegration between quality indicators (QIs) and clinical registries.19 Whilst QIs are tools 

that be used to standardise the measurement of cardiovascular care quality and promote the 

adherence to guideline recommended therapies,20, 21 clinical registries serve as the mechanism 

that allows the operationalisation of QIs and their implementation in practice.22-24  

 

Hence, there is a need to develop standardised strategies for defining, collecting and reporting 

cardiovascular data on an international level such that a unified infrastructure may be 

established for the monitoring and improvement cardiovascular care and outcomes.25-27  

 

1.1.4 Summary 

• CVD is a major healthcare and economic challenge for patients, authorities and 

healthcare professional around the world. 

• Systematic collection of prospectively defined cardiovascular data allows the 

monitoring of the patterns of care delivery and subsequent outcomes for CVD. 

• Substantial variation exists in the quality of care for CVD across the ESC member 

countries.  

• There is a need to harmonise the methods by which CVD data are defined, captured 

and analysed and quality of CVD care is measured.  
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1.2 Aims and objectives 

In this thesis, I will investigate the methods that are needed to establish a unified system for 

collecting cardiovascular data for quality improvement, clinical research and post-marketing 

surveillance of new drugs and devices.  

 

1.2.1 Objectives   

1. To establish a standardised methodologies for the development of data standards and 

QIs for CVD. 

2. To apply these methodologies in establishing data standards and QIs for common 

CVD conditions. 

3. To investigate the feasibility and validity of the developed data standards and QIs in 

‘real-world’ settings. 

4. To implement the developed data standards and QIs into a user-friendly interface that 

allows the seamless collection, analysis and reporting of data. 

 

1.2.2 Research questions  

1. What is the extent of variation in the existing data collection systems for CVD? 

2. What are the key methodological steps that are needed to develop a unified system for 

collecting cardiovascular data in a valid and feasible fashion? 

3. What is the applicability of such a methodology in different domains of CVD? 

4. How can the definitions of data variables for CVD be harmonised across different 

settings including quality improvement initiatives, clinical registry and trials? 

5. What is the role of a methodologically developed set of data standards or QIs in 

highlighting gapes in care delivering or addressing the existing ‘evidence-practice’ 

gap? 
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1.3 Translational gaps: 

In 2006, Sir David Cooksey described two gaps in the translation of science into practice.28 

The first is transforming the knowledge accumulated from basic and clinical research into 

defined products, approaches and interventions. This is the gap that traditional Clinical 

Practice Guidelines from various societies aim to address by providing hierarchical 

recommendations based on the validity and generalisability of available evidence. The 

second gap involves implementing these recommendations into clinical practice (Figure 2).28 

In his report, A review of UK health research funding, Sir Cooksey recommended the 

establishment of strategies to monitor the delivery of health research and the identification of 

measurable performance indicators that can provide the infrastructure for public reporting 

and accountability.28  

 

Sir David Cooksey’s call to develop integrated strategies for the monitoring and 

improvement of care delivery is valid beyond the UK and more than a decade later, 

particularly for CVD.29-31 The availability of a high-quality body of evidence supporting 

different preventive, diagnostic and therapeutic measures for CVD demands the utilisation of 

these measures which have a strong association with favourable patient outcomes.32-35 
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Figure 2. Gaps in science translation into clinical practice  

 

Adopted from: Best care at lower cost: the path to continuously learning health care in 

America, 2013, ISBN:0-309-26074-436 

PROM= patient-reported outcome measures. 

 

In the next section, I will explore the hypotheses that have been suggested in the literature to 

explain the emergence and/or the persistence of the transitional gaps in healthcare in general 

and in cardiovascular medicine in particular. Afterwards, I will explore various methods that 

may help address these gaps and stimulate the implementation of known evidence into 

practice.  
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1.3.1 Emergence and persistence of the translational gaps   

 

Several reasons can be attributed to the emergence and/or persistence of the translational gaps 

in healthcare. First, the disintegration between the gaps in evidence and the needs in clinical 

practice on the one hand and the research activities that are meant to address these needs on 

the other hand. One explanation for this disintegration may be the disconnection between 

researchers and healthcare providers who may have different perspective or understanding on 

the areas in which clinical research is mostly needed.37 Whilst the ideal research questions are 

these that address pivotal needs in clinical practice and aim to improve effectiveness and/or 

efficiency, some research efforts may be redundant or even harmful. For instance, a recent 

article in the British Medical Journal identified more than 2000 redundant clinical trials on 

statins in patients who are eligible for statin therapy resulting in an excess of around 600 

deaths from participation in these trials.38 

 

Second, the efforts that are needed to create a structural framework and training schemes to 

adopt emerging procedural technologies. Examples of such technologies include the 

implementation of a regional network for primary PCI for patients presenting with ST-

segment elevation myocardial infarction (STEMI) and the use of radial access, as opposed to 

femoral, for PCI procedures.39 The adherence to such important evidence-based aspects of 

cardiovascular care requires the development of infrastructures and training programs as well 

as regulatory approvals and funding.39 

 

Third, the mismatch between the educational activities that aim to keep healthcare 

professionals up to speed with contemporary knowledge and the exponential advances in 

healthcare technologies over a short space of time.36 Healthcare professionals, particularly 

those with a broad area of clinical practice may find it challenging to comprehend all 

mandatory therapies in each and every domain of their practice.36 This explains the 

recommendations from regulators to refer patients with certain conditions (e.g. heart failure) 

to a specialist within a specified timeframe.36  
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Fourth, the controversial beliefs on medical scenarios for which no consensus exists between 

healthcare professionals. This may arise from the lack of robust evidence for a given process 

of care, contradicting results from different studies or substantial limitations in available 

studies.40 For instance, the Intracoronary Stenting and Antithrombotic Regimen: Rapid Early 

Action for Coronary Treatment (ISAR-REACT) 5 trial showed that prasugrel was superior to 

ticagrelor in the management of patients with acute coronary syndrome (ACS) for whom an 

invasive strategy was planned.41 However, several observational studies showed 

contradicting results,42 creating a state of uncertainty as to which agent should be prioritised 

in this group of patients.43 

 

Finally, the lack of integration between clinical care and the tools by which care quality is 

measured.44 This disintegration may be exaggerated by the administrative, organizational and 

regulatory complexities of modern healthcare systems.36 Therefore, the creation of a reliable 

infrastructure that enables the monitoring of clinical care, provides timely feedback to guide 

the implementation of prognostic measures and participates in evidence development is 

needed.45 Such an infrastructure helps address the transitional gaps identified by Sir Cooksey 

and allows the capture of patients’ perspective through the inclusion of patient-reported 

outcome measures (PROMs) as shown in figure 2. 

 

1.3.2 Time lag assessment   

 The time that is needed to translate science into practice is known as the time lag in 

translational research.46 Whilst the measurement of this time lag may help address the 

translational gaps (figure 2), the time points at which the measurement should be conducted 

vary substantially.46 For instance, one definition used the time between the ethical approval 

of a given study and the first publication of the results of this study, while another used the 

time between the first publication of the results and the incorporation of these results into 

Clinical Practice Guidelines.46 Furthermore, one method proposed to assess the lag 

retrospectively from the time of implementation to the time of evidence emrgence.46 
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The solely use of time as a measurement of the translational gap abstracts quality assessment 

from its broader and multifaceted context. In addition, this method restricts the opportunity to 

understand the factors which may have contributed to the time lag and does not evaluate the 

quality of the implementation process.37 

 

1.3.3 Quality assessment 

Given the limitations of the time lag assessment method in addressing the translational gaps 

(figure 2), an alternative approach has been proposed in the literature. This approach defines 

key domains (or ‘proximities’) which serve as the goals of the quality assessment process and 

then identifies a step-wise pathway for the accomplishments of these goals.37 Here, the 

translational gaps are addressed by identifying an important set of feasible goals rather than 

measuring the time to implement these goals.37  

 

However, this approach requires the development of a framework by which the assessment 

process is carried out across various settings.37 As such, there is a need to establish a 

framework that uses standardised tools to evaluate the implementation of emerging 

knowledge. In the next section, I will investigate the methods by which evidence is 

developed and used as a ‘gold-standard’ measure for practice (figure 2). 

 

1.4 Evidence development  

 

Clinical research aims to narrow the range of uncertainties in clinical practice by illuminating 

potential harm and benefits of available interventions and identifying those with the highest 

effectiveness.47 Robust safety and efficacy data are usually needed to derive the evidence that 

controls the approval of medical therapies and the development of new indications, 

approaches or strategies for medical practice.48 To that end, the Food and Drug 

Administration (FDA) in the United States, the European Medicine Agency (EMA) in Europe 

and the Medicines and Healthcare products Regulatory Agency (MHRA) in the UK mandate 

the availability of a valid scientific evidence for the pre-market approval of medical drugs 

and devices to ensure their safety, appropriateness and effectiveness.49, 50 In addition, post-
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marketing surveillance of new technologies have been increasingly emphasised by healthcare 

regulators.51, 52 

 

When designing, conducting and analysing trials for clinical effectiveness, two threats may 

affect the study’s internal validity: bias and confounders. Bias is a variation due to a 

systematic error and may lead to different results to that of the actual truth. Examples of 

biases include selection bias (systematic differences in responsiveness to an intervention 

between study groups), misclassification bias (inappropriate categorisations of patients in 

relation to exposure or outcome) and recall bias (variation in the likelihood to recall adverse 

events between study groups). Confounders, however, are the factors that may influence the 

studied exposure(s) and the measured outcome(s), and thus affect the direction and the 

amplitude of any potential association.53  

 

1.4.1 Clinical Practice Guidelines  

 

Clinical Practice Guidelines from different professional societies aim to provide evidence-

based recommendations that can help practicing physicians in everyday clinical decision‐

making, but also address areas where there is a lack of strong evidence. The periodic updates 

of the Clinical Practice Guidelines, their translation to other languages and presentation in 

various forms (e.g. handbooks, mobile applications), help facilitate the education of 

practicing healthcare professional around the world.54 

 

1.4.2 Randomised clinical trials 

Randomised clinical trial (RCTs) are the ‘gold-standard’ method for the assessment of 

treatment effect.55 Randomisation balances out potential confounders between study groups 

and thus causation can be inferred from RCTs with good sample size.56 In addition, bias in 

the assessment of treatment effects is minimised in RCTs by the non-differential outcome 

ascertainment between the study arms, which can be further augmented by blinding.57  
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However, RCTs are costly, and the strict eligibility criteria for enrolment in some RCTs limit 

their generalisability and the applicability of their findings in daily practice.58-60 For patients 

with CVD, only a very small proportion of patients are enrolled in RCTs, with enrolled 

patients having better care quality, higher adherence to guideline-recommendations and better 

outcomes compared with those who have not been enrolled.60 

 

Such limitations have led in recent years the New England Journal of Medicine (NEJM) to 

establish a policy to safeguard the sufficient representation of disease population in trials,61 

and to encourage healthcare professionals and researchers to utilise existing resources to 

conduct efficient and cost-effective clinical research.62, 63 

 

1.4.3 Clinical registries 

Registries are organised systems that collect structured data into a common database to serve 

a pre-determined and specific purpose.64 Clinical registry is an observational database of a 

particular condition (or procedure), with no mandated intervention for enrolment and few 

exclusion criteria.65 As such, clinical registries aim to capture data that represent the overall 

cohort with this condition.57 Clinical registries for CVD (hereafter referred to as clinical 

registries) are those that collect data pertinent to patients with a particular condition (e.g. 

heart failure) or those undergoing a given intervention (e.g. heart valve replacement).66  

 

Historically, clinical registries started as components of RCTs.67 In 1984, the Coronary 

Artery Surgery Study (CASS) was an RCT that compared coronary artery bypass surgery 

(CABG) with optimal medical therapy at the time.68 The subsequent CASS registry validated   

the results of the study and illustrated the generalisability of its findings. Professional 

specialist societies and academic institutions then began to develop local, regional and 

national registries to address particular research questions.69-71 One of the first clinical 

registries that aimed to measure and improve patients’ care (quality registries) was the 

Cooperative Cardiovascular Project in 1994 for patients with acute myocardial infarction 

(AMI).67, 72 
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Clinical registries provide generalisable data reflecting routine clinical practice and are an 

important source for evidence development.44 In addition, clinical registries have a role in 

evaluating the burden of diseases,73 assessing the implementation of guideline-directed 

therapy,13 estimating the consequences of substandard care,12 and guiding quality 

improvement initiatives.74 Furthermore, clinical registries allow the systematic collection of 

allcomers for a medical procedure,66 monitor the safety of new medical technologies,75 assess 

the response to, and care quality during, natural crises (e.g. COVID-19)76, 77 and improve the 

understanding of rare diseases.78 

 

Clinical registries can complement RCTs in addressing gaps in knowledge, especially in 

clinical areas in which RCTs may be difficult (e.g. long follow up) or less cost-effective.79 In 

addition, clinical registries may assess the feasibility of a future RCT, guide the identification 

of potential sites (e.g. based on the prevalence of a given disease) and help develop the 

inclusion criteria for a study.57 Furthermore, clinical registries may have a role in the 

evaluation of the eligibility of emerging therapies in real-world settings.80 

 

Despite their strengths and various uses, clinical registries have limitations. First, 

participation in a registry, particularly those with a national or international representation, is 

dependent on the willingness of patients, the engagement of healthcare professionals and the 

continuous financial support from regulators.57 These dependencies create barriers against the 

creation and/or maintenance of full populace registries for long periods of time.57  

 

Second, the observational nature of clinical registries limits their ability to infer causation, 

given the lack of randomisation which increases the risk of confounders effect on the 

direction and magnitude of an exposure-outcome association.57 Third, clinical registries enrol 

heterogeneous population which in turn may mask small or variable treatment effects on 

subgroups of patients. Fourth, clinical registries are prone to data missingness which may 

hamper the validity of the analysis.57   
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All in all, clinical registries are fundamental to evidence development and quality 

improvement.81 However, and despite statistical adjustments,82 data from traditional clinical 

registries remain prone to confounders. Thus, their assessment of treatment effects should be 

interpreted with caution and considered on the basis of  hypothesis generating.83  

 

In recent years, registry-based RCTs (R-RCT) have emerged as a pragmatic alternative to 

RCT. Patients are randomly enrolled to a prospective registry which combines the features of 

a traditional RCT with those of a large clinical registry.83 Platforms of clinical registries can 

be used for R-RCTs to enable fast and non-selective enrolment of patients, with long follow 

up and relatively low cost.84 In CVD, R-RCTs have been widely accepted by healthcare 

professionals,85 impacting on Clinical Practice Guidelines86 and highlighting the 

trustworthiness of such an alternative approach for evidence development.   

 

Figure 3. The characteristics of clinical registry with the encompassed data standards and 

quality indicators  
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Clinical registry encapsulates a number of technical (e.g. IT platform with an electronic case 

report form [eCRF]), organisational (e.g. oversight committee) and clinical (e.g. data 

standards and QIs) specifications. Developing an IT platform for data collection that enables 

seamless analysis and reporting of data is an important component of a clinical registry. Such 

a platform may enhance the uptake of the registry in clinical practice, particularly if 

incorporated with electronic healthcare records.64 In addition, there is a need to establish a 

committee that oversees the legal (e.g. authorisation, ethical approval, and confidentiality) 

and operational (e.g. data acquisition, storage and security) requirements of the registry and 

standardise the definitions of data variables by developing harmonised data standards and QIs 

(Figure 3).64 

 

While different types of registries exist,64 in this thesis I will focus on quality registries that 

aim to improve the quality of care for CVD. Such registries may also provide a means for the 

conduction of observational and randomised research as well as the port-marketing 

surveillance for new drugs and devices. In the following section, I will present the 

characteristics of a selection of large existing cardiovascular registries and expand on the core 

components of a quality registry: the data standards and QIs (Figure 3). 

 

1.4.3.1 Characteristics of the existing national CVD registries 

A recent systematic review of the literature showed the proliferation and the exponential 

growth of cardiovascular registries around the world, with over 73 million patients enrolled.87 

The review identified 155 registries across six subspeciality domains, namely coronary artery 

disease (45 registries), cardiac rhythm disturbance and management (28 registries), heart 

failure/cardiomyopathies (24 registries), structural heart disease (21 registries), congenital 

heart disease (21 registries) and cardiac surgery (16 registries).87  

 

The review found substantial variations in the: (1) number of patients enrolled into these 

registries between countries, (2) cardiovascular domains covered, with only four countries 

(Denmark, Sweden, UK, and USA) having registries for all the 6 subspecialty domains, (3) 
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outcomes reported, with 43 registries reporting only in-hospital outcomes while 12 registries 

not reporting any outcome measures and (4) quality scores of these registries using an 

established data quality grading system for clinical databases.87, 88 

 

Notably, the review reported that only a minority of the countries with national registries for 

more than one cardiovascular domain have a degree of integration between these registries.87 

Amongst these countries were Sweden, the UK and the USA which are known for their well-

established national registries for CVD.89  

 

Thus, in the following section, I will explore the characteristics of the national registries in 

these countries as well as some international registries and highlight areas for improvement 

based on the findings of a series of systematic reviews presented in Part II of this thesis.  

 

1.4.3.1.1 National Institute for Cardiovascular Outcomes Research 

The National Institute for Cardiovascular Outcomes Research (NICOR) is the framework that 

encapsulates cardiovascular registries in the UK.90 In 2006, Professor Sir Bruce Keogh 

established NICOR which used to be based at University College London (UCL).90 However, 

following a European Union tender in 2017, NICOR has been hosted at Barts Health NHS 

Trust with a 3-year contract that has been extended until June 2022.91 NICOR is funded by 

the Department of Health through the Healthcare Quality Improvement Partnership (HQIP), 

and manages the National Cardiac Audit Programme (NCAP) which comprises the following 

national registries: (1) Myocardial Ischaemia audit, (2) Adult Percutaneous Coronary 

Interventions audit, (3) Transcatheter Aortic Valve Implantation registry, (4) Adult Cardiac 

Surgery audit, (5) Heart Failure audit, (6) Cardiac Rhythm Management audit and (7) 

Congenital Heart Disease in Children and Adults audit.91, 92 
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In addition to playing an important role in managing the cardiovascular registries in the UK, 

NICOR publishes regular reports of relevance to the public, NHS hospitals and regulators. In 

addition, NICOR facilitates the use of collected data for research, quality improvement and  

policy-making purposes.90 This is achieved through the collaboration with healthcare 

providers, as well as data analysts, researchers and patients to generate reports and 

publications on various aspects of cardiovascular care delivered.90 Furthermore, NICOR 

offers a linkage between the national audits and other data sources (e.g. Clinical Practice 

Research Datalink [CPRD], Office of National Statistics [ONS] and Hospital Episodes 

Statistics [HES]) to capture outcome measures (e.g. mortality and hospitalisation) and allow 

the continuous monitoring of patients’ care across various settings.91 

 

1.4.3.1.1.1 Myocardial Ischaemia National Audit Project 

The Myocardial Ischaemia National Audit Project (MINAP) is the UK national registry for 

AMI, which collects data from 247 NHS hospitals in England and Wales.93 Since 2000, 

MINAP aims to assess the quality of AMI care against the standards of the National Service 

Framework for Coronary Heart Disease.94 MINAP comprises around 130 data variables that 

span across the multifaceted journey for patient with AMI including pre-hospital care, 

admission details, past medical history, in-patient diagnostic and therapeutic management, 

and in-hospital events. Outcomes are obtained from a linkage with other databases such as 

HES or ONS.93  

 

1.4.3.1.1.2 British Cardiovascular Intervention Society 

The British Cardiovascular Intervention Society (BCIS) registry is the UK national registry 

for PCI, which was initiated in 1988.71 BCIS aims to capture all-comer data for patients 

undergoing PCI for the purpose of quality improvement, accountability and observational 

research. Over 113 data variables are collected in BCIS including information on patient 

demographics and comorbidities, clinical context of the PCI, procedural data and in-hospital 

events. Linkage with other databases (e.g. ONS) is obtained using each patient’s unique NHS 

number.66 
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1.4.3.1.1.3 Transcatheter Aortic Valve Implantation 

The development of the TAVI registry in the UK started in 2008 following the first TAVI 

procedure in the country in 2007.92 Representatives from relevant professional societies were 

invited to form a Steering Committee for the registry which laid out the governance structure 

and the characteristics of the registry.92 The TAVI registry comprises 110 data variables (101 

in the initial version) across several key domains of TAVI care including patient 

demographics, indications for procedure, risk factors, operators identifiers, procedural details, 

in-hospital events and follow-up variables.91, 92 

 

1.4.3.1.1.4 National Adult Cardiac Surgery Audit 

The National Adult Cardiac Surgery Audit (NACSA) is the UK’s national registry for adult 

cardiac surgery with data entry from all NHS hospitals and some private centres in the UK.95 

NACSA was established in 1977 and aims to improve the quality of cardiac surgery care 

through monitoring and benchmarking, with regular reports on the patterns of risk-adjusted 

outcomes across regions and over time.91 NACSA comprises over 170 data variables that 

span the breadth of cardiac surgery with a set of outcome measures (e.g. wound infection, 

post-operative stroke) and provides a means for the conduction of real-world observational 

research relevant to coronary,96 aortic,97 and valvular98 surgeries. 

 

1.4.3.1.1.5 National Heart Failure Audit 

The National Heart Failure Audit (NHFA) was established in 2007, with compulsory 

participation in England and Wales since 2011 and 2012, respectively.91 The audit aims to 

capture data that are relevant to the quality of heart failure care and have an association with 

patient outcomes.91 Such data include the attainment for evidence-based diagnostic and 

therapeutic strategies for heart failure. These data are shared with hospitals and regulators to 

drive improvement and address missed opportunities.99 The NHFA dataset comprises 233 
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data variables, of which 21 are mandatory and supports the conduction of observational 

research to highlight the variation in practice.100  

 

1.4.3.1.1.6 Cardiac Rhythm Management 

The National Audit of Cardiac Rhythm Management (CRM) collects data relevant to cardiac 

implantable electronic devices (CIED) in the UK. The aim of the audit is to monitor and 

improve care and outcomes in the NHS.91 Besides CIED, CRM captures information about 

cardiac ablation procedures including thermal and cryo-ablation, and comprises 115 initial 

and 34 follow-up data variables. Additionally, CRM reports QIs relevant to cardiac rhythm 

management care, which includes: (1) hospital activity volumes, (2) operator volumes for 

CIED implants and ablation procedures, (3) data completeness, (4) data validity, (5) 

adherence to the National Institute for Care and Health Excellence (NICE) guidance for 

CIED, (6) re-interventions within the first year following CIED implantation and (7) re-

interventions in the first two years following ablations therapy.101  

 

1.4.3.1.1.7 National Congenital Heart Disease Audit 

In 2000, the National Congenital Heart Disease Audit (NCHDA) was initiated in the UK, 

with the aim to assess the quality and outcomes of care following 72 therapeutic interventions 

for paediatric and congenital cardiovascular conditions including both surgical and 

transcatheter procedures.91 NCHDA is one of the largest registries for congenital heart 

disease in the world, with mandatory participation from all hospitals that perform such 

procedures. The main focus of NCHDA is to monitor and improve the quality and the 

outcomes of congenital heart disease care on a national level and it publishes risk-adjusted 

outcomes reports that may be used for benchmarking and quality assurence.102  

 

The NCHDA has a robust method for monitoring the reliability of the data collection process. 

This process does not only involve local verification step, but also regular visits to the 

participating hospitals by an independent team to evaluate case attainment and the quality of 
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data acquisition.102 During these visits, a number of random cases may be selected from each 

centre for an in-depth evaluation of the accuracy of data submission and for the calculation of 

a data quality indicator (DQI), which is expected to be over 90%. In addition, NCHDA 

mandates an independent review of all deaths to examine the correctness and completeness of 

the collected data.102  

 

The process by which the NCHDA assesses the quality of data entry into the audit involves 

the evaluation of 7 data management and 3 data output criteria (Table 1).102 The DQI is 

calculated on the basis of the independent team’s evaluation to each of the following four 

domains: demographics, pre-procedure, procedure and outcomes.102 Each domain is scored 

according to its proportion of completed records, with the DQI being the average of all the 

domains.102 

 

Table 4. National Congenital Heart Disease Audit data management and output criteria  

Criterion Definition 

Data Management Quality Criteria 

1. Security and Confidentiality  Regulations are in place to safeguard the 

adherence to regulatory and legal 

requirements regarding confidentiality and 

data security. 

2. Coverage  Data collection covers all activity within the 

centre. 

3. Validation and Quality Assurance  The availability of strategies for data 

validation with the source(s) from which 

data were originally extracted. 

4. Training  Training staff involved in data collection 

and management with available resources 

for continues support and education.  

5. Communications  The existence of policies to ensure that 

information collected is shared with the 
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relevant stakeholders who need to have 

access to the data.  

6. Accountability  The identification of an accountable 

personnel for the quality of data collected. 

7. Health Records Management  The availability of functional and efficient 

health records. 

Data Output Quality criteria 

1. Timeliness  The availability of data that are verified 

locally.  

2. Completeness and Validity  The completeness of all core data variables 

within in a case record according to the 

agreed standards. 

3. Accuracy  The presence of sufficient correlation 

between collected data and the actual 

clinical events. 

 

1.4.3.1.1.8 Harmonisation between NICOR registries  

While Dawson et al. reported a degree of ‘integration’ between the cardiovascular registries 

in the UK.87 This integration is facilitated by the ability to track patients across various 

databases including hospitalisation records (HES) and death data (ONS) using each patient’s 

unique NHS number.90 However, the overriding aim of national (and ideally international) 

‘integration’ between cardiovascular registries is to enable ‘data integration’,19 which is 

defined as “combining data residing in different sources and providing users with a unified 

view of them”.103 In other words, integrated registries are those that compile data from diverse 

sources and allow the performance of quality assurance activities, comparative analyses and 

meaningful research with minimal assumptions and reasonable effort.19  

 

Conversely, the cardiovascular registries in the UK function as separate entities and each has 

its own data standards and definitions.91 In addition, there is a substantial overlap between the 

registries that capture intersecting conditions (e.g. MINAP and BCIS) with different 



 23 

definitions and collection methods for the common variables between these registries. This 

overlap increases the burden of data collection whilst creating an unwanted duplication that 

may decrease the quality of the data entered.19 As such, a fully ‘integrated’ registries are 

those that share harmonised data standards and are designed in an efficient way that 

minimises data entry duplication (Figure 4).  

 

Figure 4. Models of management of common variables in intersecting registries.  

 

 

AMI= AMI, PCI= percutaneous coronary intervention. 

 

NICOR registries have other limitations which may affect the collection, analysis and 

interpretation of their results. First, NICOR registries rely on external sources (e.g. HES or 

ONS) to obtain outcome measures. Such sources may not have the level of granularity that is 

needed in registry-based trials or effectiveness analyses. For instance, all-cause mortality 

rather than cardiovascular mortality is the information that can be obtained from ONS. 

Additionally, while HES has high sensitivity and specificity in capturing clinical events, HES 

coding for specific event rates mismatches those of an adjudicated events.104  
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Second, NICOR registries underestimate the total number of events for a given condition 

because a proportion of events may not be recorded into the registry. However, this 

underestimation may not be substantial. For example, case ascertainment of non-STEMI 

(NSTEMI) in MINAP was between 89.7% and 93.8% (depending on the International 

Classification of Diseases [ICD] codes used for the comparison) in England (68.3% and 

87.7% in Wales) when compared to the HES records according to the 2021 MINAP annual 

report.105   

 

Third, data missingness in some of NICOR registries may limit the ability to evaluate patient 

care.106 Data completeness in a registry enables this registry to reliability draw firm 

conclusions with greater confidence, facilitate subsequent analyses and validate the 

interpretation of the results.105 However, multiple imputation methods (e.g. by chained 

equations) have been used to minimise any potential bias created by data missingness and 

allowed the inclusion higher number of patients in the analysis.15 

 

1.4.3.1.2 Swedish Web-system for Enhancement and Development of 

Evidence-based care in Heart disease Evaluated According to 

Recommended Therapies 

In 2009, the Swedish registry for acute coronary syndrome (the Register of Information and 

Knowledge About Swedish Heart Intensive Care Admissions [RIKSeHIA]), PCI (the 

Swedish Coronary Angiography and Angioplasty Registry [SCAAR]), cardiac surgery (the 

Swedish Heart Surgery Registry) and secondary prevention (the National Registry of 

Secondary Prevention [SEPHIA]) were merged to form the Swedish Web-system for 

Enhancement and Development of Evidence-based care in Heart disease Evaluated 

According to Recommended Therapies (SWEDEHEART) registry.107 In 2010, the Swedish 

Transcatheter Cardiac Intervention Registry (SWENTRY) was added to capture all TAVI 

procedures across the eight centers in Sweden.108  
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Like the NHS number in the UK, data linkage between SWEDEHEART and other databases 

is enabled by the use of the Swedish personal identification number.107 These databases 

include the National Cause of Death Register (i.e. equivalent to ONS in the UK) and the 

National Patient Registry (i.e equivalent to HES in the UK). Such a linkage help track 

important outcomes of care including mortality and hospitalisation. Like the UK, 

SWEDEHEART linkage with the National Cause of Death Register and the National Patient 

Registry allows the identification of limited information based on ICD codes limiting the 

ability to obtain granular data about patient outcomes.108    

 

Additionally, SWEDEHEART performs visits to random participating centres to evaluate the 

completeness and the accuracy of the data entered into the registry by checking with patients’ 

records.107 The registry has high case ascertainment which is 100% in SCAAR, SWENTRY 

and the Swedish Heart Surgery Registry, but mush lower (around 60%) in RIKSeHIA (given 

the variation in the admission locations (e.g. general medical wards) and the managing 

specialty (e.g. care of elderly) for patients with acute coronary syndrome.107 

 

There are registries in Sweden that are separate to SWEADHEART and capture various 

domains of CVD. These include the National Quality Registry for Atrial Fibrillation 

(AuriculA), which was established in 2006,109 the Swedish Heart Failure Registry (SwedeHF) 

which was established in 2000 (implemented throughout Sweden in 2003),110 and other 

registries such as the Swedish Registry for Hereditary Heart Diseases, the Swedish Registry 

for Pulmonary Hypertension and the Swedish Acute Care Registry.111 Notably, case 

ascertainment for SwedeHF is much lower compared with SCAAR and RIKSeHIA, with 

coverage of around 54% in the in-patient setting and 10% in the community.110 

 

Over the last decade, SWEDEHEART has emerged as a successful example of a national 

registry that plays an important role in the conduction of high-calibre research activities. Not 

only the studies that were conducted using SWEDEHEART registry,84, 112, 113 impacted 

clinical practice,85 but also changed the Clinical Practice Guidelines.86 Furthermore, 
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SWEDEHEART had a major role in improving care and outcomes for a number of CVD 

conditions, with continuous monitoring to the geographic and temporal trends in care 

delivery.11, 114   

 

However, variations in care persistent across Sweden resulting in missed opportunities and a 

room for improvement.115 Furthermore, the differences in the characteristics of various 

registries within SWEDEHEART and with other registries around the world (e.g. NICOR) 

limits the opportunity to conduct harmonised registry-based comparative analyses or 

multinational trials.116 

 

1.4.3.1.3 National Cardiovascular Data Registry and Society of Thoracic 

Surgeons registries  

In 1987, the National Cardiovascular Data Registry (NCDR) was established in the US by the 

American College of Cardiology (ACC) to evaluate the quality of care and outcomes for 

patients receiving cardiac interventions.117, 118 Currently, NCDR comprises ten cardiac 

registries, of which eight collect in-hospital or procedural data: (1) Chest Pain - MI registry 

for patients with acute coronary syndrome, (2) AFib Ablation registry for patients with atrial 

fibrillation, (3) CathPCI registry for patients undergoing percutaneous coronary intervention 

(PCI), (4) EP Device Implant registry for patients undergoing cardiac ablation and/or cardiac 

devices implantation, (5) IMPACT registry for paediatric and adult patients with congenital 

heart disease, (6) LAAO registry for patients undergoing left atrial appendage occlusion, (7) 

PVI registry for patient undergoing peripheral vascular interventions and (8) Transcatheter 

Valve Therapy (TVT) registry (in collaborating with Society of Thoracic Surgeons [STS]) for 

patients undergoing transcatheter aortic and/or mitral valve interventions.119 The out-patient 

registries are the Diabetes Collaborative registry for patients with diabetes and 

cardiometabolic disorders and the PINNACLE registry for patients with coronary artery 

disease, hypertension, heart failure and atrial fibrillation.67, 119  
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On the other hand, the American Heart Association (AHA) established a separate set of 

registries to monitor patterns and outcomes of care for patients with a number of CVD 

conditions.120, 121 The AHA’s Get With the Guidelines (GWTG) program initially comprised 

three domains of CVD care including coronary artery disease (GWTG-CAD), stroke 

(GWTG-Stroke) and heart failure (GWTG-HF).120 Subsequently, the National Registry of 

Cardiopulmonary Resuscitation (NRCPR) of the AHA joined the GWTG initiative (GWTG- 

Resuscitation), and more recently the AHA established an atrial fibrillation registry (GWTG-

AFib).121-123  

 

In 1989, the STS established several registries for cardiac surgery.19, 67 These registries are 

now ones of the largest and most efficient registries, with over 90% case ascertainment 

nationally.67 It is estimated that the STS registries comprise data from around 7 million 

surgical cases across the following five domains: (1) Adult Cardiac Surgery Database 

(ACSD), (2) General Thoracic Surgery Database (GTSD), (3) Congenital Heart Surgery 

Database (CHSD), (4) Mechanical Circulatory Support (Intermacs) Database and (5) TVT 

Registry (in collaboration with the ACC).67, 124, 125  

 

These efforts from various professional societies played a vital role in monitoring and 

improving the quality of cardiovascular care,67, 126-128 and in serving as a vehicle for the 

conduction of pragmatic trials.129 However, the heterogeneity in the data standards between 

these registries limits the opportunity to combine data from various resources to obtain a 

comprehensive and full evaluation of patient care across different settings.67 In addition, the 

variations between intersecting registries (e.g. Chest Pain - MI of the ACC and GWTG-CAD 

of the AHA)130creates a need for an integration between the efforts for different 

cardiovascular domain.67  

 

1.4.3.1.4 EURObservational Research Programme  

In 2009, the EURObservational Research Programme (EORP) was launched by the ESC with 

the aim to understand the patterns of cardiovascular care across Europe. The program 
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comprises 20 different registries with participation from around 2500 centres across the ESC-

member countries. It provided a means for the conduction of high-quality studies in a number 

of cardiovascular domains, including heart failure (EORP Heart Failure Long-Term 

registry),131 cardiovascular prevention (European survey of CVD prevention and diabetes 

[EUROASPIRE]),132 atrial fibrillation (EORP-AF),133 infective endocarditis (EURO-

ENDO),134 ACS (EORP-ACS),135 cardiomyopathy,136 and implantable cardiac devices lead 

extraction (EORP ELECTRa registry).137  

 

In addition, EOPR has recently launched the spontaneous coronary artery dissection (SCAD) 

registry to better understand the clinical characteristics and pathophysiology of SCAD and 

obtain international data on the demographics of patients presenting with SCAD, as well as 

on the diagnostic methods, treatment patterns and outcomes for this group of patients.138 

 

However, the integration between different EORP registries is restricted by the variations in 

the data standards between registries, the variability in the methods by the registry-based 

studies are performed and the lack of a unified platform to harmonise the data collection 

process within and between different EORP registries.  

 

1.4.3.2 The need for a unified longitudinal pan-European registry  

The limitations of, and the heterogeneity between, existing registries, creates a need for a 

unified infrastructure that leads the development of pan-European registry for common CVD 

conditions. Such an infrastructure may encapsulate various registries that are developed using 

standardised methodology and provide the tools that are needed for the analysis and reporting 

of the data collected.   

 

1.4.3.3 Summary 

• Translational gaps persist in the implementation of science into practice. 
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• Clinical registries play a major role in addressing translational gaps and 

improving adherence to guidelines recommendations.  

• Existing registries form an important component of evidence development 

and quality improvement cycle.  

• Within and between country variations in the characteristics of clinical 

registries limit the scale of the activities that may be conducted using these 

registries.  

• There is a need to develop a unified infrastructure that encapsulates 

harmonised registries for common cardiovascular conditions and 

interventions. 

 

1.4.4 Data standards  

Data standards are the data variables (also called data fields or data elements) with their 

definitions and collection specifications.139 Firstly, the variable definition which describes the 

clinical meaning of the variable is important to facilitate its identification in practice. For 

example, ‘stable angina’ is a commonly used variable in cardiovascular care. The clinical 

definition of ‘stable angina’ may be derived from the 2019 ESC guidelines for the diagnosis 

and management of chronic coronary syndromes as a: (1) constricting discomfort in the front 

of the chest (or in the neck, jaw, shoulder, or arm), that is (2) precipitated by physical 

exertion and (3) relieved by rest or nitrates within 5 minutes.140  

 

Secondly, the permissible options (also called permissible values) for the variable and the 

clinical definition for each option. In the example above, these can also be specified 

according to the ESC guidelines which distinguish between typical angina, atypical angina 

and non-anginal chest pain.140 Typical angina is defined as the presentation that meets all the 

above three criteria, atypical angina meets two out of the three and non-anginal chest pain 

meets one or none of the above characteristics.140 As such, the permissible options for the 

‘stable angina’ variable would be: (1) typical angina, (2) atypical angina, and (3) non-anginal 

chest pain using the definitions above for each of these three permissible options. Further 
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permissible options may be needed, such as (4) no angina (or not applicable) and (5) 

unknown depending on the clinical scenario(s) in which the variables will be collected. 

 

Another method of collecting information about the ‘stable angina’ variable is to determine 

the severity (or grade) of the condition according to the Canadian Cardiovascular Society 

(CCS) grading. Here, the variable definition is this of typical angina according to the ESC 

guidelines,140 but the permissible options are the grades of the CCS classification. The 

clinical definitions for these permissible options are the clinical characteristics of each of the 

CCS grades as shown in Table 2.141, 142 As illustrated in Table 2, the purpose of the data 

collection determines the methods by which certain permissible options are defined (‘no 

angina (a)’, ‘no angina (b)’, ‘unknown (a) and ‘unknown (b)’).  

 

Table 5. Specifications and variations in the collection of data for stable angina according to 

the Canadian Cardiovascular Society.  

Data variable Stable angina  

Data variable 

definition  

Clinical presentation that meets all the following characteristics: (i) 

Constricting discomfort in the front of the chest or in the neck, jaw, 

shoulder, or arm; (ii) precipitated by physical exertion; (iii) relieved by 

rest or nitrates within 5 minutes.  

Permissible 

options 

No angina, Grade I, Grade II, Grade III, Grade IV, Unknown  

Permissible 

options 

definitions 

• No angina (a): two or less of the above three criteria are met (i.e. 

atypical angina and non-anginal chest pain). 

• No angina (b): less than two of the above three criteria are met 

(e.g. non-anginal chest pain but not atypical angina). 

• Grade I: Ordinary physical activity (i.e. walking and climbing 

stairs) does not cause angina. Angina with strenuous or rapid or 

prolonged exertion at work or recreation.  

• Grade II: Slight limitation of ordinary activity. Walking or 

climbing stairs rapidly, walking uphill, walking or stair climbing 
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after meals, or in cold, or in wind, or under emotional stress, or 

only during the few hours after awakening. Walking more than 

two blocks on the level and climbing more than one flight of 

ordinary stairs at a normal pace and in normal conditions.  

• Grade III: Marked limitation of ordinary physical activity. 

Walking one or two blocks on the level and climbing one flight of 

stairs in normal conditions and at normal pace.  

• Grade IV: Inability to carry on any physical activity without 

discomfort, anginal syndrome may be present at rest. 

• Unknown (a): Inability to ascertain whether the patient has 

angina.  

• Unknown (b): Inability to ascertain the Canadian Cardiovascular 

Society grade of the patient’s angina.   

  

  

Data standards are fundamental component of a clinical registry (Figure 3).64 However, 

specifications are needed for the implementation of the data standards within the registry, 

such as the potential sources for data acquisition (e.g. electronic healthcare records), the 

clinical setting(s) during which the variables are applicable (e.g. patients undergoing 

percutaneous coronary intervention) and the time point for collection (e.g. before procedure 

and at 30-day follow up).143  

 

Beyond their use in registries, data standards may be used for the design of the data collection 

(e.g. eCRF) for RCTs, quality improvement projects and electronic healthcare records.130 

However, and as highlighted in the example above, the standards for a given data variable 

can vary on a number of levels even when a widely agreed clinical definition exists for this 

variable. Another example for such a variation and its implications on the interpretation of 

landmark clinical trial results have been recently debated in relation to the EXCEL 

(Evaluation of XIENCE versus Coronary Artery Bypass Surgery for Effectiveness of Left 

Main Revascularization) trial in which the rates of myocardial infarction events following 

coronary artery bypass graft or percutaneous coronary intervention varied substantially with 
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the use of different definitions for peri-procedural myocardial infarction,144 despite the 

presence of a universal definition for myocardial infarction.145 

 

Hence, the development of data standards for CVD that are harmonised across various 

settings is much needed. Such standards help unify the definitions of data variables as well as 

their collection specifications and thus allow the seamless exchange of information between 

different systems. Additionally, harmonised data standards enable the integration between 

clinical care, research and quality improvement endeavours using routinely collected data to 

conduct traditional62, 63 and registry-based84 studies that is both generalisable, cost-effective58 

and help address the growing burden of cardiovascular disease.2, 58, 146  

 

1.4.4.1 Characteristics of the existing data standards  

In the following section, I will present some of the efforts that have been undertaken by 

professional societies around the world to create data standards for CVD and highlight some 

characteristics to their development methodology and/or implementation process based on 

the findings of a series of systematic reviews of the literature presented in PART II. 

 

1.4.4.1.1 Cardiology Audit and Registration Data Standards 

In 2004, the Cardiology Audit and Registration Data Standards (CARDS) project was 

launched in collaboration with the ESC, the Department of Health and Children in Ireland 

and the Irish Cardiac Society with funding and endorsement from the European 

Commission.147 By way of expert consensus and through reviewing relevant registries and 

Clinical Practice Guidelines, CARDS defined a set of variables for ACS, PCI and 

electrophysiology.147 Table 3 shows a sample of the CARDS data variables for ACS with the 

names, codes and definitions for each of these variables (fields).   
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Table 3. A sample of the CARDS data variables for acute coronary syndrome.  

ID Field name/prompt Short 

code  

 Definition 

Working Diagnosis  

ACS 

5.01 

Predominant presenting 

symptom 

1 Asymptomatic  Indicate the 

predominant 

symptom/reason why 

patient presented for 

medical attention.  

2 Chest pain  

3 Dyspnoea  

4 Fatigue  

5 Syncope  

6 Cardiac 

arrest/aborted 

sudden death 

88 Other symptoms  

99 Unknown  

ACS 

5.02 

Symptom onset date and 

time  

  Indicate the date and 

time of onset of 

symptoms/reason that 

prompted the 

patient’s presentation 

for medical attention. 

ACS 

5.03 

Heart rate    Indicate the patient’s 

heart rate (beats per 

minute) reading. This 

should be the first 

heart rate recorded by 

a health care provider 

(GP/ambulance 

staff/A&E staff) 

AND when the 

patient is in stable 

cardiac rhythm.  
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ACS 

5.04 

Systolic blood pressure    Indicate the patient’s 

blood pressure 

reading (mmHg). 

This should be the 

first heart rate 

recorded by a health 

care provider 

(GP/ambulance 

staff/A&E staff) 

AND when the 

patient is in stable 

cardiac rhythm. 

ACS 

5.06 

Date and time of 

admission/arrival at 

hospital 

  Indicate the date and 

time the patient first 

presented to the 

hospital for this 

admission.  

ACS= acute coronary syndrome, CARDS= Cardiology Audit and Registration Data 

Standards 

 

The CARDS initiative was one of the first steps towards the harmonisation of data definitions 

for CVD in Europe. It provided clinically relevant variables that have been used for 

collecting patients’ data in various settings.148, 149 However, a number of issues may have 

attributed to the limited adoption of the CARDS standards. First, the lack of an 

accompanying IT infrastructure that may facilitate the collection , analysis and reporting of 

data. Second, the underrepresentation of common CVD conditions such as heart failure in the 

developed data standards. Third, the absence of regular updates to the standards in line with 

the changes in evidence. Fourth, the development methodology of the CARDS standards 

which comprised reviewing relevant registries and Clinical Practice Guidelines (as opposed 

to conducting a systematic review of the literature) and inviting a central working group for 

the development of the data standards for different clinical domains (as opposed to inviting a 

separate working group of experts for each of the domains).147 
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1.4.4.1.2 American College of Cardiology/American Heart Association 

Data Standards  

The American College of Cardiology (ACC) and the American Heart Association (AHA) 

have a track records in the development of data standards for CVD150 using an established 

methodological approach.130 Unlike CARDS, the ACC/AHA data standards are updated over 

time to incorporate the developments in the diagnostic and management strategies,151, 152 are 

developed by different Task Forces,153 154 and some have a specific focus (e.g. clinical 

trials).155  

 

The development methodology of the ACC/AHA data standards comprises the selection of 

the data elements, their permissible values and definitions through a comprehensive review of 

the literature and collaboration with various stakeholders. As such, the ACC/AHA data 

standards provide a medical nomenclature that is in line with contemporary knowledge and 

relevant to clinical practice.130 Table 4 shows a sample of the 2021 ACC/AHA data standards 

for heart failure, with the data element, data element definition, permissible values, 

permissible value definitions and the source of definition.152  

 

Table 4. Sample of the data elements and their specifications from the 2021 ACC/AHA Data 

Standards for heart failure.  

Data Element Data Element 

Definition 

Permissible Values  Permissible Value 

Definitions  

Oral diabetes 

medications 

Types of oral 

therapeutic 

medications for 

diabetes  

(multi-select) 

• Metformin  

• Sulfonylurea  

• Thiazolidinediones  

• GLP-1 agonists  

• DPP-4 inhibitors 
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• SGLT-2 inhibitors  

• Other  

• None  

• Unknown  

  Metformin An agent belonging 

to the biguanide 

class of 

antidiabetics with 

antihyperglycemic 

activity 

  Sulfonylurea  Sulfonamide urea 

derivatives with 

antihyperglycemic 

activity that induce 

secretion of insulin 

to increase glucose 

uptake from the 

blood  

  Thiazolidinediones  Insulin-sensitizing 

agent that overcome 

insulin resistance by 

activation of the 

PPAR-gamma.  

  GLP-1 agonist Chemical agents 

that stimulate 

insulin release and 

inhibit glucagon 

release 

  DDP-4 inhibitors  Chemical agents 

that prevent 

inactivation of 

GLP-1 levels and 
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stimulate insulin 

release 

  SGLT-2 inhibitors  Chemical agents 

that reduce renal 

glucose 

reabsorption, 

therapy increasing 

urinary glucose  

  Other   

  None No oral agent for 

diabetes treatment  

  Unknown  Unknown oral agent 

for diabetes 

treatment  

ACC= American College of Cardiology, AHA= American Heart Association, DPP-4= 

dipeptidyl peptidase-4, GLP-1= glucagon-like peptide-1, PPAR= peroxisome proliferator- 

activated receptor, SGLT2= sodium-glucose cotransporter-2,  

 

However, there are limitations to the ACC/AHA data standards restricting their 

implementation even within the clinical registries in the US.19 This results in variations in the 

definitions of key data variables (e.g. diabetes mellitus and hyperlipidaemia) in different 

cardiovascular registries in the US.130 One of the limitation is that the collection of the 

ACC/AHA data standards involves substantial effort given the number of variables within 

each of the standard domains. For instance, the ACC/AHA data standards for heart failure 

comprise over 290 variables.152 Another limitation is that unlike CARDS, the ACC/AHA 

data standards have no hierarchical ranking according to their importance to guide the 

prioritization of data aqcuisition.130 Third, the ACC/AHA standards are developed according 

to the American Clinical Practice Guidelines, medical practice and healthcare system 

characteristics, which are different from those in Europe. Finally, these standards are not 

centrally implemented into a dedicated IT platform- potentially limiting their widespread 

uptake in practice.  
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1.4.4.1.3 Canadian Cardiovascular Society Data Standards  

 

In 2012, the CCS developed a suite of data definitions for a number of conditions including 

heart failure and atrial fibrillation,156 which were predominantly based on the respective 

ACC/AHA data standards.157 However, like the CARDS initiative, the CCS data standards 

have not been updated to align with the developments in CVD diagnostic and therapeutic 

strategies. Additionally, whilst the CCS data standards have core and non-core variables to 

highlight the variables with a particular importance, they are not integrated into an IT 

platform to facilitate their adoption in practice.156 

 

1.4.4.2 The need for Pan-European Data Standards  

 

There is a need to establish an infrastructure that leads the development and implementation 

of pan-European data standards for CVD. Such an infrastructure may use a standardised 

methodology and collaborate with relevant stakeholders and professional societies to 

construct widely accepted standards for cardiovascular data collection, analysis and 

reporting.  

 

1.4.4.3 Summary  

• Data standards define the specifications and characteristics of clinical registries and 

determine the breadth and depth of data collection.  

• Lack of harmonisation in the existing data standards for cardiovascular registries 

creates a need for pan-European standards that are developed according to a 

structured methodology.  

 

1.4.5 Quality indicators  
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In addition to data standards, QIs are an important element of a clinical registry. They allow 

the measurement and reporting of the quality and outcomes of cardiovascular care (Figure 

3).19 Given that quality registries primarily focus on driving quality improvement, the 

identification of the indicators of quality is fundamental to the design and functionality of 

these  registries. In addition, the identification of QIs help minimise the amount of collected 

data and ensures that the registry is meeting its primary goal(s).19   

 

Performance evaluation using well-defined QIs provides valid information for several parties. 

First, reports from QIs help healthcare professionals identify areas for improvement in their 

own practice. Second, healthcare regulators use such reports in planning policies and 

commissioning services. Third, the public may choose their care provider (if possible) 

according to these reports which may improve the trustworthiness of healthcare systems and 

show accountability.158 Therefore, reports about performance measurement need to be 

developed in a scientific, yet simple way to enable the derivation of actionable information 

that may stimulate behaviour change and improve patient care.64, 90  

 

1.4.5.1 Characteristics of the existing quality indicators  

In the following section, I will present some of the efforts that have been undertaken by 

professional societies around the world to create indicators of care quality for patients with 

CVD and highlight some characteristics to their development methodology and/or 

implementation process. 

 

1.4.5.1.1 ACC/AHA Performance and Quality Measures  

The Strategic Framework Board and the National Quality Forum in the US established 

frameworks for the development,159 evaluation160 and implementation161 of national goals 

that aim to monitor and improve the quality and outcomes of health care in various settings. 

These goals are meant to meet certain characteristics including achievability (i.e. 

interventions performed by healthcare providers or systems can drive quality improvement), 
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importance (i.e. the goals are pertinent to clinical area which is known to cause substantial 

morbidity or mortality and is of importance to patients), evidence-base (i.e. data exist 

supporting the goals proposed), representativeness (i.e. the goals relates to conditions that 

affect populations of various ages, races and socioeconomic groups).159 

 

Additionally, the Strategic Framework Board established criteria for the evaluation of 

potential national goals. These criteria include: (1) defining the clinical setting(s) during 

which the performance measurement may occur, (2) identifying the ‘agents’ within the 

healthcare system who may be held accountable for the measurement, (3) illustrating the 

burden of the disease including the incidence and the prevalence, (4) describing the cohort of 

patients suffering (or at risk) from the condition in addition to those who may be at risk for 

care inequalities and (5) providing evidence-based data to support a framework that aims to 

help ameliorate substandard quality and improve outcomes.159 

 

Based on the Strategic Framework Board and the National Quality Forum criteria, the ACC 

and the AHA have established Task Forces for the development of performance and quality 

measures for CVD,162 using a standardised methodology for the selection of these 

measures.163 These Task Forces developed a suite of performance and quality measures for a 

number of CVD conditions and interventions, including for AMI,164 atrial fibrillation,165 heart 

failure,166 high blood pressure,167 sudden cardiac death,168 secondary prevention,169 and 

cardiac rehabilitation.170  

 

Whilst the terms QIs and performance (or quality) measures are used interchangeably, there 

are differences in the aspects of care that are evaluated by each of these terms.171 A QI 

describes a particular clinical scenario in which an intervention is (or is not) recommended 

for a particular group of patients. For instance, a QI intended to evaluate the prescription of 

beta-blockers for patients with heart failure with reduced ejection fraction may be used to 

develop different performance (or quality) measures depending on the specifications that are 
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used to operationalise this QI.171 Figure 5 illustrates four potential performance 

measurements for the same QI based on various data collection sources.  

 

Figure 5. An example of different performance measures derived from the same quality 

indicator depending on data collection source.   

 

EHR= electronic healthcare records, HFrEF= heart failure with reduced ejection fraction, 

ICD= International Classification of Diseases, PM= performance measure, QI= quality 

indicator,  

 

As shown in figure 5, four different performance measures have been derived from the same 

QI. Here, the ‘clinical context’ is identical in all the performance measures, but the cohort of 

patients included in each of the assessments is different. Thus, ensuring that the same 

specifications are used when comparing quality-of-care between centres is of paramount 

importance.171 In addition, providing an infrastructure (e.g. IT platform) with unified methods 

for the collection, measurement and reporting of the clinically defined QIs help standardise 

the specifications of these indicators and ensure that the measurement is homogeneous across 

participating centres.  

PM 1 (EHR)
Numerator: patients prescribed beta-
blockers.
Denominator: patients with an ICD code 
of HFrEF on their EHR.

PM 2 (clinical registry)
Numerator: patients recorded to be on 
beta-blockers.
Denominator: patients with HFrEF who 
have been enrolled in the registry. 

PM 3 (patient survey)
Numerator: patients report taking beta-
blockers.
Denominator: patients identify 
themselves as having HFrEF. 

PM 4 (drug dispensing register)
Numerator: patients collecting 
prescription for beta-blockers.
Denominator: patients identified as 
having HFrEF as the indication for beta-
blockers. 

QI
Prescribtion of beta-blockers 

for patients with HFrEF
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The ACC/AHA methodology for performance (and quality) measure development lacks the 

integration of these measures with a standardised platform for data variables. In addition, 

whilst the ACC/AHA methodology recommends the conduction of a literature review for the 

development of performance (and quality) measures, it does not mandates following a 

systematic method for the design, undertaking and reporting of this literature review.171 

Systematic reviews have been increasingly used as a standardised method for the 

identification of gaps in knowledge, and are recommended for the development of indicators 

of healthcare quality.171 Widely agreed frameworks for systematic reviews have been 

established,172 and used in Clinical Practice Guidelines,40 creating an opportunity to integrate 

these frameworks in the development of QIs for health care and outcomes.171 

 

1.4.5.1.2 NICE Quality Standards    

In the UK, the National Institute for Health and Care Excellence (NICE) has for some time 

developed standards for healthcare quality and established a methodological process for their 

development.23 NICE engages a wide range of stakeholders in the development of the NICE 

quality standards. However, its methodology lacks the emphasis on conducting a systematic 

review of the literature.23 Besides, the NICE quality standards are limited to a small number 

of recommendations that do not span the breadth of the condition of interest.173 Whilst, this 

limited layout of the NICE quality standards may be explained by legal considerations,174 it 

creates a need for the development of comprehensive sets of QIs using systematic reviews of 

the literature and covering wide aspects of various CVD conditions and interventions.  

 

1.4.5.1.3 Canadian Cardiovascular Society Quality Indicators  

In Canada, the Appraisal of Guidelines for Research and Evaluation II (AGREE II) initiative 

was launched in 2003 to improve the quality, applicability and thus the uptake of Clinical 

Practice Guidelines in cardiovascular medicine.175, 176 One of the tools by which the AGREE 

II initiative sought to improve the adherence to guideline recommendations was the 

development of well-defined and specific QIs. As such, suites of QIs for a number of CVD 
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conditions including heart failure and atrial fibrillation were developed.156 Subsequently, 

further sets were developed such as these for cardiac rehabilitation and secondary prevention, 

PCI and TAVI.156 However, these QIs were developed in accordance with the CCS Clinical 

Practice Guidelines with a primary focus on the characteristics of the Canadian healthcare 

system, limiting their generalisability to other regions around the world.  

 

1.4.5.2 The need for Pan-European Quality Indicators  

There is a need for an infrastructure that leads the establishment and implementation of a 

methodological process for the development of pan-European QIs for CVD. Such an 

infrastructure should collaborate with relevant stakeholders and professional societies to 

ensure that the developed QIs are valid measures of care quality and widely applicable in 

clinical practice.  

 

1.4.5.3 Summary  

• Quality indicators are tools that enable the systematic evaluation of the quality-of-

care. 

• The lack of harmonisation between existing quality indicators for CVD limits the 

opportunity to measure patterns of care delivery across regions. 

• The disintegration between quality indicators and clinical registries restricts the 

ability to used routinely collected data for quality monitoring and improvement.  

• The standardisation of the methods by which cardiovascular quality indicators are 

developed allows creating a unified system for performance evaluation and quality 

improvement.  

 

1.5 The virtuous circle  

The integration between best practice guidelines, clinical registries and quality indicators 

creates a continuous patient-centred model for evidence development and quality 
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improvement (Figure 6).44 The so called ‘virtuous (or great) circle’, is a concept that was first 

described by Arthur Garson in 1999 and uses the knowledge derived from clinical and basic 

research about effective and safe interventions to develop indicators of care quality (QIs) that 

are measurable, specific and feasible.177 The fundamental part of such a circle is the 

availability of a system for constant data acquisition (e.g. clinical registries) which uses 

harmonised data standards across Clinical Practice Guidelines, QIs and educational activities 

(e.g. national report cards).177 Such a unified lexicon across various settings facilitates the 

communication between healthcare professionals and allows the conduction of ‘pragmatic’ 

observational and randomised clinical research.178 

 

 

Figure 6. The virtuous circle for the integration of quality monitoring into evidence 

development.  

 

Adopted from Califf, et al.44 PROMS= patient-reported outcome measures, QIs= quality 

indicators. 

 

Healthcare authorities and regulators around the world have developed strategies to achieve 

the virtuous circle in health care, particularly for conditions contributing to substantial 
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morbidity and mortality such as CVD. In the following Chapter, I will present an 

international collaborative effort that aims to address the ‘evidence-practice gap’ and create a 

unified system for the collection, analysis and reporting of defined data variables for a 

number of CVD conditions and intervention.  

 

Chapter 2. Integrating data standards and QIs in a pan-European registry: the 

European Unified Registries On Heart Care Evaluation and Randomized Trials 

(EuroHeart) initiative  

 

The growing economic and healthcare burden of CVD,2, 146 coupled with the increasing 

number of segregated activities that aim to collect patient data (as presented in Chapter 1), 

created a need to harmonise the standards by which CVD data are defined and quality 

measured.45 Such a harmonisation facilitates the integrations between routine clinical care, 

quality improvement activities and clinical research (Figure 6).58  

 

 

Providing unified definitions for CVD conditions, such as the universal definitions of AMI 

and heart failure, help standardise the criteria by which these conditions are identified across 

various settings.145, 179 However, there remain variations in the definitions of the data 

standards within and between the different data collection platforms that capture information 

pertinent to these conditions. Such information includes patients’ baseline and case-mix 

characteristics, QIs and outcomes of care. Not only these variations limit the opportunity to 

combine and compare data from different sources or between conditions, but also increase 

the cost and effort needed for data collection.  

 

 

As presented in Chapter 1, efforts have been invested to establish tools for the collection of 

‘real-world’ data for CVD and constantly monitor the patterns and the outcomes of care 

delivery. However, the lack of harmonisation between these efforts and the lack of agreed 

standards for data collection, analysis and interpretation restricts the opportunity to 
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proliferate such initiatives on the international level. The need for such standards is imminent 

given the advances in prognostic CVD therapies and the growing realisation of the role of 

clinical registries in facilitating the implementation of such therapies.  

 

 

In this chapter, I will present an international collaboration that aims to address the gaps in 

evidence development and quality improvement circle that have been illustrated in chapter 1. 

In addition, I will describe my personal involvement in this international collaboration which 

aims primarily to standardise and facilitate the continuous collection and reporting of 

structured, well-defined data standards and QIs for CVD. As such, the heterogeneity in the 

definitions of data within144 and between studies180, 181 may be minimised and burden of data 

collection reduced.   

 

2.1 Aims and objectives  

  

The European Unified Registries On Heart Care Evaluation and Randomized Trials 

(EuroHeart) is an initiative by the European Society of Cardiology (ESC) that aims to 

provide a means for centre- and country-level quality improvement, as well as an 

infrastructure for post-marketing surveillance of drugs and devices.45 Furthermore, EuroHeart 

provides a platform for the conduction of international registry-based observational and 

RCTs through the collaboration with a wide variety of stakeholders including National 

Cardiac Societies and registry leaders.45 

 

2.1.1 Aims  

 

The EuroHeart initiative aims to harmonise the definitions of data standards and QIs across 

various CVD conditions and interventions to: 

- enable continuous quality improvement on the local, national and international level,  

- facilitate the conduction of registry-based randomised and observational research,  

- help integrate the post-marketing surveillance of new drugs and devices for CVD into 

clinical registries and  
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- minimise the burden of data collection for CVD by utilising routinely collected data.  

 

2.1.2 Objectives  

 

The objectives by which the EuroHeart strives to achieve its aim include: 

- the establishment of and collaboration with various Working Groups and domain experts,  

- engage with relevant ESC Associations and national registry leaders for each of the 

clinical domains of EuroHeart,  

- develop a standardised methodology for data standard development, 

- apply this methodology in the construction of valid and feasible data standards for ACS, 

PCI, heart failure, atrial fibrillation, TAVI and cardiovascular outcomes,  

- integrate these standards into a web-based IT platform and  

- collaborate with National Cardiac Societies and registry leaders to implement the 

EuroHeart data standards.  

 

2.2 Organisational structure  

 

During its pilot phase (January 2020 to December 2021), EuroHeart was funded by the ESC, 

with complementary funding from industry partners and national research foundations. The 

organisational structure of EuroHeart comprises five Working Groups, an Executive 

Committee and an Oversight Committee. The relationship between the EuroHeart structural 

components and with national leaders is illustrated in Figure 7.  
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Figure 7. Organisational structure of EuroHeart  

 
CRF= Clinical Research Fellows, EC= Executive Committee, EU= European Union, 

EuroHeart= European Unified Registries On Heart Care Evaluation and Randomized Trials, 

ESC= European Society of Cardiology, PM= project manager, R-RCT= registry-based 

randomised controlled trial. 

 

2.2.1 Quality Registry Coordinating Group  

 

The Quality Registry Coordinating Group (QRCG) presents EuroHeart to the national 

registry leaders in the countries that are interested in participating in EuroHeart. The group 

evaluates the existing infrastructure in this country and explores various methods with the 

national leaders to overcome the obstacles that may prevent the establishment (or the update) 

of national registries. The QRCG offers introductory meetings to highlight the role of 

registries in improving the quality of cardiovascular care and the opportunities it may provide 

through the participation in international clinical trials.  

 

In addition, the QRCG presents the criteria by which countries are selected to participate in 

the EuroHeart initiative. First, the QRCG evaluates whether the country can capture full (or 

near full) populace data for the condition of interest. This is important given the mission of 

EuroHeart is to provide generalisable data that provide sufficient representation of the 
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incidence and patterns of care delivery for CVD. Second, the QRCG assesses the feasibility 

of obtaining outcome data and whether this can be performed through a deterministic linkage 

of data with other databases (e.g. national death registry). Third, the QRCG explores the 

existing infrastructure in the countries that are interested in participating in EuroHeart and 

accordingly decide whether the country meets the criteria for Tier 1 participation (i.e. 

adopting the EuroHeart data standards and the EuroHeart IT platform), Tier 2 participation 

(i.e. adopting the EuroHeart data standards but using own IT platform) or Tier 3 participation 

(i.e. adopting the EuroHeart data standards but using own paper-based CRF) (Figure 8).  

 

2.2.2 Data Science Group  

 

The Data Science Group (DSG) of EuroHeart is responsible for the creation of the EuroHeart 

data standards and for the establishment of data sharing arrangements with the participating 

countries. The activities of the DSG include: 

- developing a standardised methodology for the creation of the EuroHeart data standards 

(including QIs) for CVD  

- applying this methodology in the development of data standards for a number of CVD 

conditions and interventions. That is (during the pilot phase): ACS, PCI, heart failure, 

atrial fibrillation, TAVI and CVD outcomes, 

- ensuring the availability of methodologically developed QIs for the EuroHeart domains, 

- supporting the QRCG in their interaction with national leaders by presenting the data 

standards and their development process, 

- providing an advisory role to the participating countries in EuroHeart to implement the 

data standards,  

- collaborating with the EuroHeart Registry Technology Group (RTG) to implement the 

developed data standards into the EuroHeart IT platform and 

- establishing the statistical analysis plan (SAP) for the aggregated data that will be shared 

with the DSG.  

 

2.2.2.1 Data sharing  
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Data collected using the EuroHeart platform are owned, managed and analysed by a 

dedicated local team as any traditional national registry. Only aggregated data may be shared 

with the DSG following agreements from all parties and the fulfilment of the General Data 

Protection Regulations (GDPR) in each of the involved countries. In addition, data sharing 

arrangements will take into considerations the legal framework for healthcare data exchange 

of the European Union.182 Such aggregated data may be used by the DSG to perform high-

level analyses according to the SAP (Appendix - Part I) and in collaboration with the national 

leaders of the participating countries (Figure 8).  

 

Figure 8. Tiers of participating countries in EuroHeart and mode of data sharing 

 

 

2.2.3 Registry Technology Group  

 

The RTG is the team responsible for the development and implementation of the EuroHeart 

IT platform in the participating countries. An agreement has been reached between the ESC 

and the Uppsala Clinical Research (UCR) centre in Sweden to apply the experience 

accumulated from the SWEDEHEART registry into EuroHeart. The RTG uses the data 

standards that are developed by the DSG to create a web-based interface for patient-level data 

collection. This interface provides an automatic calculation and simultaneous reporting of the 
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QIs to support the continuous quality evaluation of care quality against internationally agreed 

standards (Figure 9).  

 

Figure 9. The EuroHeart reporting page  

 
 

In addition to the above Groups, the EuroHeart comprises the R-RCT Group and the Drugs 

and Devices Surveillance Group. The former regulates the conduction of randomised trials 

using the EuroHeart data standards and IT platform, whilst the latter ensures that EuroHeart 

data standards capture the information that is needed for regulators in relation to the post-

marketing surveillance of new cardiovascular drugs and devices.  

 

2.3 Contribution to EuroHeart 

 

As a Clinical Research Fellow within the DSG of EuroHeart, I have been primarily involved 

in the Group’s activities and responsibilities (Central illustration). I led the development of 
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standardised methodologies for the selection of data standards and QIs for CVD as presented 

in PART II. In addition, I applied these methodologies in constructing data standards and QIs 

for a variety of CVD conditions (PART II). Furthermore, I evaluated the clinical use of the 

developed QIs for AMI in a naturistic study that assessed the quality of care for AMI in 

England and Wales during compared with before the COVID-19 pandemic (PART II). 

 

2.3.1 Involvement in data standard development  

 

Under the auspice of the DSG of EuroHeart, I examined the existing methodologies for the 

development of data standards for CVD and established a stepwise approach for this 

endeavor. This approach was adopted as the standardised methodology for the development 

of data standards for EuroHeart (PART II). In addition, I led the implementation of this 

methodological process in developing and data standards for several CVD conditions by 

performing systematic reviews of the literature, inviting domain experts to form wide 

Working Groups and reaching consensus through a modified Delphi method for each of the 

EuroHeart domain. These systematic reviews have been conducted in accordance with the 

Preferred Reporting Items for Systematic Review and Meta-Analyses (PRISMA) 

guidelines,183 and are presented in the respective publications in PART II. Figure 10 shows 

the different groups that are involved in the development of the data standards for each of the 

EuroHeart domains with their responsibilities.   
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Figure 10. Structure and role of the Working and Reference Groups in the development of 

the EuroHeart Data Standards 

 

 

2.3.1.1 Methodology development  

 

The development and publication of a methodological approach for EuroHeart aimed to: (1) 

standardise the selection of the EuroHeart data standards, (2) ensure the process is transparent 

and evidence-based and (3) disseminate the methodology such that it can be used by various 

healthcare professionals for other cardiovascular and non-cardiovascular conditions. My role 

involved reviewing existing forms of data standards and their development processes in 

collaboration with the DSG and reach consensus with the wider EuroHeart team on the key 

methodological steps that are needed to established the EuroHeart methodology for the 

development of data standards for CVD (PART II).184  

 

2.3.1.2 Data standard development    

 

In addition to the development of the methodological process, I led the application of this 

methodology in various areas within CVD. As such, the EuroHeart data standards for ACS 

and PCI, heart failure, atrial fibrillation and TAVI (PART II) were developed using the 

standardised methodology. In addition, the same methodology was used for the development 
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of an outcome domain for EuroHeart, which is an overarching domain that defines and 

captures the outcomes of care in relation to various CVD conditions and interventions.   

 

My role during the development of the EuroHeart data standards involved conducting 

systematic reviews of the literature by developing search strategies, screening retrieved 

articles and extracting potential data variables for final selection. In addition, I presented the 

results of these reviews and used modified Delphi method to reach consensus on the data 

standards between the Working and the Reference Groups (Figure 10). Once developed, I 

sought endorsement from relevant professional Association(s) and National Cardiac Societies 

and supported the RTG in implementing these standards into the IT platform (Figure 11).  

 

Figure 11. Steps of the development of the EuroHeart Data Standards for CVD.  

 
CVD= cardiovascular disease, ESC= European Society of Cardiology, IT= information 

technology, RG= Reference Group, SR= systematic review, WG= Working Group.  

 

My support to the RTG comprised conducting a series of virtual and face-to-face meetings 

with the IT developed to transform the data standards from clinically defined variables into 

electronically collected fields in an interactive and consistent way. Such a transformation 

required constructing a prototype for each of the data standards and test this prototype to 

identify areas for improvement. Simultaneously, I had a major role in the writing process of 

the data standards and their development stages. This effort resulted in a number of scientific 

manuscripts in high-impact journals illustrating the need of such knowledge and the 

appropriateness of the used methodology (PART II).  
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2.3.1.3 Support with queries  

 

Following the implementation of the data standards in the countries participating in 

EuroHeart (e.g. Estonia), I helped address the queries that have risen from those countries 

and were related to the data standards. As such, a framework was established within the DSG 

in collaboration with the RTG to answer questions and provide support whilst and after the 

implementation of the EuroHeart data standards. An example of these queries is the methods 

by which the data variables are linked between the registries to ensure internal validity of the 

data entry (e.g. between the ACS and PCI registries).  

 

2.3.2 Involvement in QI development   

 

Given the importance of QIs for the EuroHeart initiative, parallel efforts aimed to ensure the 

availability of methodologically developed QIs for the EuroHeart domains. As such, the 

Quality Indicator Committee (QIC) was established under the auspice of the Committee of 

Practice Guidelines (CPG) of the ESC (Figure 12). This Committee aims to serve as the 

framework that safeguards the development of the ESC QIs for a variety of CVD conditions 

in alignment with pertinent activities including the Clinical Practice Guideline and clinical 

registries (Figure 6). I have played a leading role in developing a methodological process for 

the creation of QIs for CVD. This was achieved through the critical examination of existing 

methodologies and the evaluation of alternative methods to develop parameters that can be 

valid and feasible in practice (PART II). Furthermore, I applied this methodology in several 

CVD conditions and interventions through a first-hand involvement in the conduction of 

systematic reviews of the literature to identify key aspects (structural, process and outcome) 

of care delivery that may be used as indicators of care quality. In addition, I collaborated with 

domain experts, specialist society representatives and patients to reach consensus on the 

selection of sets of QIs using a modified Delphi method (PART II).  
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Figure 12. Organisational structure of the QI Committee of the ESC CPG 

 
CPG= Committee of Practice Guidelines, TF= Task Force, QI= quality indicator,  

 

2.3.2.1 Methodology development  

 

The development and publication of a standardised methodology for the selection of QIs for 

CVD (2.3.1.1) was a result of an international collaboration which I had the privilege of 

leading. The group involved in the development comprised clinical experts in CVD, as well 

as researchers, registry leaders and methodologists.185 I performed the literature search that 

laid the foundations for the development process and liaised with the writing group members 

to ensure that the developed methodology is valid and practical. The resulted methodology 

was endorsed and adopted by the ESC and published in a peer-reviewed journal highlighting 

the need for such knowledge and its acceptability in practice.185  

 

2.3.2.2 QI development and validation     
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In addition to the development of the methodology for QI selection, I applied this 

methodology in different CVD areas and published the ESC QIs for AMI,186 atrial 

fibrillation,187 cardiac pacing,188 heart failure189 and CVD prevention (PART II).190  

 

My role included leading the conduction of the systematic review for each of the domains 

(accordance with the PRISMA guidelines),183 and collaborating with wider groups (i.e. 

Advisory Committee and the Working Groups) of domain experts to reach consensus on the 

final selection of QIs (PART II). For the cardiac pacing domain, I co-led and published a 

meta-analysis evaluating the various methods of cardiac pacing in patients with normal left 

ventricular ejection fraction,191 and for AMI, I led the external validation of the respective 

QIs to determine their applicability in evaluating care quality during the COVID-19 

pandemic.192 
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PART II 

 

Chapter 3. Methodology for the development of international clinical data standards for 

common cardiovascular conditions: European Unified Registries for Heart Care 

Evaluation and Randomised Trials (EuroHeart) 

Gorav Batra, Suleman Aktaa, Lars Wallentin, Aldo P Maggioni, Chris Wilkinson, Barbara 

Casadei, Chris P Gale 

 

3.1 Summary of the publication: 

• This paper presents the standardised approach that has been used for the development of 

data standards during my PhD studies. 

• The approach comprises four methodological steps: 

1. identification of clinical domains for data standard development by evaluating 

specific cardiovascular conditions with high prevalence and opportunities for 

quality improvement, 

2. construction of data standard specifications by systematic review of the 

literature 

3. selection of variables by a domain-specific Working Group using a modified 

Delphi method 

4. validation of data standards by a domain-specific Reference Group, and 

5. implementation of the developed data standards into an IT platform 

 

3.2 Publication status:  

Published: 05 August 2021 

European Heart Journal - Quality of Care and Clinical Outcomes, qcab052, 

https://doi.org/10.1093/ehjqcco/qcab052 
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3.3 Abstracts  

 

3.3.1 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. 

 

3.3.2 Methods and results 

We adopted a five-step process for the development of harmonized data standards. The 

process includes (i) identification 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; (iii) 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 IT platform. 

 

3.3.3 Conclusion 

This paper describes the approach adopted by EuroHeart for the development of clinical data 

standards for cardiovascular 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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3.3.4 Keywords  

EuroHeart, Methodology, Data standards, Data variables, Data definitions  

 

3.3.5 Topic  

cardiovascular diseases, randomization, heart, surveillance, medical, medical devices, quality 

improvement, European Society of Cardiology 

 

Graphical Abstract  

 

3.4 Introduction  

Advances in cardiovascular innovations and technologies have led to improvement in patient 

outcomes.1 Alongside these developments, vast quantities of heterogeneous patient data have 

been collected in clinical trials, registries, and electronic healthcare records (EHRs).2–

6 Standardization of data definitions across various clinical and research settings allows the 

seamless transfer of data,7 as such enhancing the efficiency and the cost-effectiveness of 

initiatives that aim to improve care and outcomes.8,9 
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Defining data standards for a cardiovascular disease involves the identification and definition 

of variables pertinent to the individual, 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.10–12 The 

American College of Cardiology (ACC) and the American Heart Association (AHA) have 

established a Task Force for data standards, which in addition to creating high-quality data 

standards for a number of cardiovascular condition has laid out a structured approach for data 

standard development.10 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 European Society of Cardiology (ESC), aims to 

facilitate the continuous collection of patient data across Europe to improve the quality of 

care and outcomes of people with cardiovascular disease.13 To achieve this mission, 

EuroHeart defines data variables 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 

indicators, 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. 

 

3.5 Methods   

Herein, we use the term data standards as consensual specifications for the representation of 

data from different sources or settings.14 They include the specifications for data variables, 

permissible values, and definitions (Table1). 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).9 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 
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meaningful interpretation of the dataset. Definitions are the explicit description of the factual 

meaning of the information captured by the variable (e.g. height on admission in 

centimetres).9 

 

Table 1. Terminologies and definitions 

 

Terminology Definition 

Data standards Consensual specifications for the representation of data arising from 

different sources. 

Cardiovascular 

domain 

A distinct category of cardiovascular disease or treatment. 

Variable Data field that is to be collected. 

Candidate variable Variable that has been extracted from the literature but that has not 

been agreed upon. 

Permissible value Format and structure of the information that is allowed to be 

captured within a variable. 

Variable definition Explicit description of the factual meaning of the information 

captured by a variable. 

 

3.5.1 Operational framework  

3.5.1.1 Data Science Group 

Under the auspice of EuroHeart, the Data Science Group comprises a chair, medical experts, 

and project managers (Figure 1). The Data Science Group is responsible for 

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

• Identifying 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. 
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• Ensuring that the developed methodology is applied across all domains 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, permissible 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 participating in the 

EuroHeart project to facilitate the transition to, or the harmonization with, the 

developed data standards. 

• Supporting the transparent publication of the developed data standards in scientific 

documents alongside their development process. 

• Undertaking the periodic evaluation, revision, and update of the EuroHeart data 

standards. 

 

Figure 1. Operational framework during the development of the EuroHeart data standards  

 

3.5.1.2 Working Group  

A Working Group is established for each cardiovascular domain (Figure 1). The nomination 

of members for the Working Group is solicited 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 
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experience in developing and maintaining national quality 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. 

• Identify 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 harmonized 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 variables. 

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

 

3.5.1.3 Reference Group  

 

The Reference Group defines a team whose members are nominated by the relevant ESC 

Associations and Working Groups (Figure 1). 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 

Cardiovascular Professionals. The involvement of these professional bodies provides broader 

insights and a more generalizable perspective. Ideally, the Reference Group should include 

approximately 20–30 representatives from 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. 
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• Assess the applicability of the data standards in different patient groups and across 

different countries. 

• Critically appraise the proposed data standards. 

 

 

3.5.2 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 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; (iii) 

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 online IT platform. 

 

Figure 2. Process for development of the EuroHeart data standards. 
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3.5.2.1 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.13 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, heterogeneity 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.13 
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3.5.2.2 Step 2: evidence synthesis and constructing data standard specifications 

The specifications of the data standards are determined by the inclusion and exclusion criteria 

and the clinical setting(s) for which the data standards are applicable. Such specifications are 

defined by the Working 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 following steps: 

• Identifying 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 development (e.g. in-

hospital care for patients with acute coronary syndrome). 

• Conducting a systematic literature review to identify existing registries 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 clinical domain and assess their importance, evidence base, 

validity, reliability, feasibility, and applicability in relation to contemporary knowledge 

(Table2).9,15 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.16 The latter provide 

tools for measuring processes of care that can be captured in registries and thus form an 

essential source for candidate variables. Of note, the ESC quality indicators applicable to the 

domain in development are automatically selected as candidate variables. 
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Table 2. Criteria for the selection of the EuroHeart data variables 

 

Domain Criteria 

Importance Variables related to quality indicators which 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 Variables based on evidence consistent with current medical 

knowledge and ESC Clinical Practice Guidelines. 

Validity Variables that can correctly assess what they are designed to 

measure. 

Reliability Variables that can be collected and assessed in a reproducible 

manner, including when collected by different people. 

Feasibility Variables can be collected and assessed readily and easily within 

acceptable time frames. 

Applicability Variables that support the purpose of the registry, e.g. quality 

improvement, observational and randomised research, drug and 

device monitoring. 

ESC, European Society of Cardiology 

 

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 published 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. 

 

3.5.2.3 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 
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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 determined 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 

criteria.17,18 Each variable is voted upon by each member of the Working Group. This 

process is anonymous, iterative, and interposed with a series of web conference meetings, 

along with extensive correspondence by e-mail. To facilitate the selection process, 

preliminary permissible 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 instance, 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 measurement (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 

(Table3). 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 

recommended treatments, pre-defined quality indicators, and other variables pertinent to 

accountability and public reporting of quality of care. Level 2 variables are optional but 

relevant to clinical practice. Standardized 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. 
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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-programed into the EuroHeart IT platform. 

Level 2 Variables for which standardised definitions are provided, but the 

collection of these variables is not mandatory, and the variables are 

not pre-programed into the EuroHeart IT platform. 

Level 3 Variables which are locally defined and ‘country-specific’ and that 

e.g. addresses local regulatory or administrative requirements. These 

variables are not provided in the data standards and are not pre-

programed into the EuroHeart IT platform. 

 

Following the selection of variables, the permissible values and definitions 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 Science Group and a 

draft of the data standards is compiled. 

 

3.5.2.4 Step 4: wider validation of the developed data standards 

The developed data standards are reviewed independently by the members of the Reference 

Group, by online surveys, web conference meetings, 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 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 



 71 

professional cardiovascular associations for formal endorsement before being submitted for 

publication. Revised data standards are periodically published online as a supplement and on 

the EuroHeart website (www.escardio.org/euroheart). 

 

3.5.2.5 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 existing infrastructure and their willingness to 

adopt the EuroHeart IT platform 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 instance, 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.19 Alternatively, countries may implement the EuroHeart data standards into their 

existing data collection platforms, or use the data standards without an IT infrastructure. 

 

3.6 Discussion  

This paper describes the EuroHeart methodology for the development 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 observational and 

randomized clinical studies.20–23 However, comparison and collaboration between different 

data sources remain complex, mostly due to varying data variables and definitions with non-

standardized vocabulary for presenting clinical concepts. Standardized data variables, 

permissible values, and definitions would provide opportunities to overcome this ambiguity 

and enable collaboration between various data sources and facilitate efficient 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 

clinical data standards, underpinned by an approach that encompasses scientific evidence and 

expert opinion. 
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Today, cardiovascular disease accounts for a substantial health and economic burden in 

Europe and globally, with an increasing burden especially in developing countries.24 Data 

from national registries, health surveys, and administrative records show persisting 

geographic and social variation in cardiovascular morbidity, mortality, and 

treatment.24,25 By implementing a common lexicon with data standards into national 

registries in Europe, pooled data from multiple geographical locations might be used for 

quality improvement, benchmarking of care providers, and research. Existing national 

cardiovascular registries, clinical trial case report forms, and EHRs are distinct entities with 

varying data variables, permissible values, and definitions. This limits the possibilities of 

linkage between large datasets and collaborative initiatives. To address these limitations, 

initiatives such as the Cardiology Audit and Registration Data Standards (CARDS) and the 

ACC/AHA have established Task Forces for developing data standards.10,12 However, the 

data standards presented by CARDS were established in 2004 and are now outdated.12 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.10,26,27 In addition, the 

ACC/AHA data standards often include over 300 variables that are challenging to capture in 

real-life clinical settings.26,27 

 

EuroHeart is an international collaboration that aims to improve the quality of cardiovascular 

care and facilitate observation and randomized research through continuous and longitudinal 

capture of individual patient data.13 To achieve this aim, a purpose-built IT platform 

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.13 Nonetheless, the success of this type of research 

using linked datasets from several geographical locations is dependent on the harmonization 

of clinical data variables, permissible values, and definitions. 
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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 capture, 

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 consensus 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 is 

being, used for the development of data standards for several cardiovascular domains, 

including acute coronary syndrome, heart failure, atrial fibrillation, and valvular heart 

disease. 

 

The methodology for development of clinical data standards is inclusive of clinical ‘content’ 

and ‘patient’ experts from a range of geographic, experiential, and specialist backgrounds. 

Still, the method is not without limitations. Given the nature of the topic, the selection of data 

variables by content experts may be prone to biases, subjectivities, and/or conflicts of 

interest.9,28 Members of the Data Science Group and Working Groups are required to 

disclose all relevant relationships with industry; however, as the data standards do not include 

any recommendations for clinical care, the potential for conflict of interest is likely to be 

negligible.  

 

Furthermore, the proposed methodology encompasses scientific evidence (e.g. systematic 

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 representatives from the nursing and allied healthcare professional 

community. 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 (Table2), 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 computational phenotypes to enable syntactic interoperability (i.e. 
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the ability for systems to communicate and exchange data) and semantic interoperability (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.29 

 

3.7 Conclusion  

This paper provides a methodology for development of clinical data standards based on 

scientific evidence and expert consensus. It is anticipated that data standards developed using 

the proposed framework will have a wide applicability in various settings, including 

registries, 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 

indicators, 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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Chapter 4. European Society of Cardiology methodology for the development of quality 

indicators for the quantification of cardiovascular care and outcomes  

 

Suleman Aktaa, Gorav Batra, Lars Wallentin, Colin Baigent , David Erlinge, Stefan James, 

Peter Ludman, Aldo P. Maggioni, Susanna Price, Clive Weston, Barbara Casadei, and Chris 

P. Gale 

 

4.1 Summary of the publication: 

 

• This paper presents the standardised approach that has been used for the development of 

QIs during my PhD studies. 

• The approach comprises four methodological steps: 

1. the identification of key domains of care by constructing a conceptual framework of 

care, 

2. the construction of candidate QIs by conducting a systematic review of the literature, 

3. the selection of a final set of QIs by obtaining expert opinions using the modified 

Delphi method, and  

4. the undertaking of a feasibility assessment. 

 

4.2 Publication status:  

• Published: 26 August 2020 

• European Heart Journal - Quality of Care and Clinical Outcomes, qcaa069, 

https://doi.org/10.1093/ehjqcco/qcaa069.  

 

4.3 Abstract 

 

4.3.1 Aims  
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It is increasingly recognized that tools are required for assessing and benchmarking quality of 

care in order to improve it. The European Society of Cardiology (ESC) is developing a suite 

of quality indicators (QIs) to evaluate cardiovascular care and support the delivery of 

evidence-based care. This paper describes the methodology used for their development.   

 

4.3.2 Methods and results  

We propose a four-step process for the development of the ESC QIs. For a specific clinical 

area with a gap in care delivery, the QI development process includes: (i) the identification of 

key domains of care by constructing a conceptual framework of care; (ii) the construction of 

candidate QIs by conducting a systematic review of the literature; (iii) the selection of a final 

set of QIs by obtaining expert opinions using the modified Delphi method; and (iv) the 

undertaking of a feasibility assessment by evaluating different ways of defining the QI 

specifications for the proposed data collection source. For each of the four steps, key 

methodological areas need to be addressed to inform the implementation process and avoid 

misinterpretation of the measurement results.  

 

4.3.3 Conclusion  

Detailing the methodology for the ESC QIs construction enables healthcare providers to 

develop valid and feasible metrics to measure and improve the quality of cardiovascular care. 

As such, high-quality evidence may be translated into clinical practice and the ‘evidence-

practice’ gap closed.  

 

4.3.4 Keywords  

Quality indicators • Cardiovascular disease • Quality improvement • Clinical practice 

guidelines  

 

4.4 Introduction  
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There is substantial variation in the delivery of care for cardiovascular disease (CVD) which 

is reflected in variation in disease outcomes. Data from health surveys, administrative 

records, cohort studies, and registries show persisting geographic and social variation in CVD 

treatments and mortality across Europe.1,2 Moreover, the potential to reduce premature 

cardiovascular death has not been fully realized.3 The European Society of Cardiology (ESC) 

recognizes the variation in CVD burden and delivery of care across its 57 member countries, 

as well as the need to invest in closing the ‘evidence-practice gap’.2 

 

There is an increasing emphasis on the need for measuring and reporting both processes and 

outcomes of care and for a better understanding of how analytical tools can facilitate quality 

improvement initiatives.4,5. For example, the quantification and public reporting of hospital 

times to reperfusion for the management of patients with ST-segment elevation myocardial 

infarction has been associated with improvements in patient outcomes.6 Similar successes 

have been achieved in the surgical management of congenital heart disease, where the 

implementation of structural measures, such as regionalization of care and setting standards 

for minimum surgical volume, has been associated with reductions in perioperative 

mortality.7 

 

It has been proposed that quality indicators (QIs) may serve as a mechanism for stimulating 

the delivery of evidence-based medicine, through quality improvement, benchmarking of 

care providers, accountability, and pay-for-performance programs.8 Consequently, the use of 

indicators of quality is expanding and is of interest to a range of stakeholders including health 

authorities, professional organizations, payers, and the public.9 

 

In the UK, the National Institute for Health and Care Excellence (NICE) has, for some time, 

endorsed certain NICE quality indicators, which are typically used by commissioners to 

ensure that that the services they commission are driving up quality. The introduction of such 

indicators has been shown to improve outcomes10 and their withdrawal to negatively 

influence quality of care.11 Notably, the production of NICE indicators follows a structured 



 81 

process, which includes the identification of a topic for indicator development, and the 

evaluation of a proposed set of indicators by an ‘indicator advisory committee’ that contains 

patient representatives.12 Other organizations such as the American College of Cardiology 

(ACC) and the American Heart Association (AHA) have developed Performance Measures 

for a variety of cardiovascular conditions, also using a structured process for their 

development.13,14 However, the approach by which QIs are developed is heterogeneous and 

establishing a uniform framework for the construction of QIs for healthcare should increase 

their acceptance and perceived trustworthiness.15 

 

In addition, the lack of widely agreed definitions for data variables hampers the development 

of QIs and their integration with clinical registries.16 Initiatives, such as the European Unified 

Registries On Heart Care Evaluation and Randomized Trials (EuroHeart), are fundamental to 

QI development and implementation.17 EuroHeart aims to harmonize data standards for CVD 

and establish a platform for continuous data collection. Moreover, EuroHeart will provide the 

means to evaluate cardiovascular care through QIs which are underpinned by standardized 

data collection and definitions. 

 

This document outlines the process by which the ESC develops its QIs for CVD and provides 

a standardized methodology which may be used by all stakeholders to ensure the QIs are 

clinically relevant, scientifically justified, feasible, and usable.18 The ESC anticipates that this 

process will enable the prioritization of areas for QI development and improve the utility of 

the developed QIs. Thus, the ESC QIs may be implemented with reasonable cost and effort, 

interpreted in a context of quality improvement, and reported in a scientifically credible, yet 

user-friendly format. 

 

4.5 Methods  

 

4.5.1 Definition of quality indicators  
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The ESC uses the term QI to describe, in a specific clinical situation, aspects of the process of 

care that are recommended (or not recommended) to be performed. Although used 

interchangeably, a distinction between QIs and performance (or quality) measures has been 

drawn.15 QIs can be illustrated in an ‘if-then’ format, meaning that ‘if’ a patient has had a 

given condition and satisfies relevant criteria, ‘then’ he or she should (or should not) be 

offered a given intervention. Different performance (or quality) measurements may then be 

derived from the same QI depending on several factors, including the definition of the 

respective data variables and the sources of data.15 The ESC QIs include main and secondary 

indicators according to whether they represent a major and complementary component of an 

aspect of health care. Secondary QIs may be used instead of the main ones in situation where 

missing data and/or limited resources preclude the measurement of the main QIs. 

 

4.5.2 Types of quality indicators  

The ESC QIs are expressed as structural, process, and outcome indicators. Structural QIs 

describe organizational aspects of care, such as physical facilities, human resources, and 

available protocols or networks. Process QIs capture actions taken by healthcare providers or 

patients, such as adherence to established guidelines or recommended therapies. On the other 

hand, outcome QIs concern the effects of health care on patients, populations, or societies. 

Outcome QIs may also include patient-reported outcome measures (PROMs), such as health-

related quality of life.19 

 

High-quality evidence tends to be available to support process QIs rather than structural or 

outcome indicators.14 However, the inclusion of outcome indicators provides a more 

comprehensive performance evaluation,20 even though adjustment for differences in patient 

characteristics is necessary to evaluate whether or not variation in outcomes is due to true 

differences in quality of care.21 Thus, risk-adjusted outcome QIs form one element of the 

ESC QIs. For this document, we do not consider the statistical methods for interpreting 

outcome measurement results and acknowledge that different methods may provide differing 

results regarding quality of care assessment.22 
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PROMs have a complementary role to other outcome measures, such as mortality and re-

hospitalization rates. Notwithstanding the fact that many PROMs may not yet be based on 

strong recommendations within guidelines, they provide a patient’s perspective of health 

outcomes and, thus, allow patient-centred ill-health to be captured.23 Given that many 

patients value their quality of life and survival equally following an illness,24 improving 

perceived health and well-being should be the aim of all contemporary cardiovascular 

interventions, in addition to the reducing major cardiovascular events and mortality.25 

 

4.5.3 Operational framework  

4.5.3.1 Quality indicators committee  

The ESC established a QI Committee (QIC) whose members have a range of clinical, 

statistical, and quality improvement expertise. The aim of the QIC is to develop QIs for ESC 

Clinical Practice Guidelines by working collaboratively with: 

• small groups of specialists in the topic of interest (Advisory Committees). Ideally, 

Advisory Committees would include members (or chairs) of the respective ESC 

Clinical Practice Guideline Task Forces and 

• wider teams of domain experts, practising clinicians and patient representatives 

(Working Groups) for each clinical area. 

 

The major objectives of the ESC QIC are to: 

• build an explicit, standardized, and transparent methodology for QI development, and 

ensure that the methodology is followed within agreed timelines and standards of 

quality, 

• identify clinical areas for QI development on the basis of prevalence, association with 

morbidity, mortality and/or healthcare utilization, and availability of effective 

interventions. These clinical areas may include, but are not limited to, the ESC 

Clinical Practice Guidelines, 
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• support the process of translating evidence or Practice Guideline recommendations 

into explicitly defined, specific QI, 

• determine the specifications needed for operationalizing the developed QIs, according 

to potential data sources, 

• support the development and maintenance of means to measure QIs, such as the 

EurObservational Research Programme, and 

• facilitate the periodic evaluation, revision, and update the ESC QIs as more data 

and/or new recommendations become available. 

 

4.5.3.2 Advisory committees  

The main role of a QI Advisory Committee is to identify the domains of health care that 

would have an impact on the quality of care and subsequent outcomes. This is achieved by 

drawing upon evidence and construct a conceptual framework articulating the dimensions for 

the measurement and the pathways by which processes of care are linked to desired 

outcomes. The structure-process-outcome model illustrated in Figure 1 is a simple and 

commonly used framework.19 It helps identify the interplay between different aspects of 

health care, and allows the inclusion of patient and environmental factors.26 This framework 

was used by the ESC previously to develop QIs for acute myocardial infarction (AMI),27 and, 

thus, is recommended over other available methods.28 
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Figure 1. Conceptual framework of the dimensions of health care based on the Donabedian 
model. 

 
 

4.5.3.3 Working groups  

Working Groups are the wider teams responsible for selecting the final set of QIs. Ideally, 

Working Groups should comprise a wide range of stakeholders including domain experts, 

practising clinicians, researchers and commissioners as well as members of the public, 

healthcare consumers, and patients. 

 

Patient engagement is important so that professional scientific knowledge is complemented 

by the patient perspective on receiving care and on meaningful outcomes. This may be 

achieved by a ‘co-productive partnership’29 with patients and seeking their insights into 

quality assessment and improvement. The ESC has an established the ESC Patient Forum 

whose members are involved in the development of the ESC Clinical Practice Guidelines and 

the accompanying educational products.30 

 

4.5.3.4 Clinical practice guideline task forces  

Close working with members of the ESC Clinical Practice Guidelines Task Force is integral 

to the development of QIs. Not only does this ensure that QIs are comprehensive and cover 
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broad aspects of care, but also that they are harmonized with the corresponding Clinical 

Practice Guideline recommendations. Furthermore, simultaneous writing and/or updating of 

QIs and ESC Clinical Practice Guidelines facilitates seamless incorporation of QIs within the 

respective documents, enhance their dissemination and, therefore, uptake into clinical 

practice. 

 

4.6 The four-step process  

We propose that the development of the ESC QIs follows a four-step process consisting of: 

identification of the key domains of health care; construction of candidate indicators; 

selection of a final QI set; and undertaking of a feasibility assessment (Figure 2). For each 

step, published evidence and consensus expert opinion are used to inform the development, 

implementation, and interpretation of QIs (Table 1). 

 

Figure 2. Process for the development of the ESC quality indicators for cardiovascular 
disease. ESC, European Society of Cardiology; QIs, quality indicators. 
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4.6.1 Step 1: identifying domains of care  

It is important to define the domains of care for which the QIs are being developed. Through 

comprehending the journey of a patient with a given condition, the QI Advisory Committee 

may identify important aspects of care process. For example, the ESC Association for Acute 

Cardiovascular Care (ACVC), formerly the Acute Cardiovascular Care Association, suite of 

QIs for the management of AMI comprises the following seven domains: centre organization, 

reperfusion/invasive strategy, in-hospital risk assessment, antithrombotic treatment during 

hospitalization, secondary prevention discharge treatments, patient satisfaction, and risk 

adjusted 30-day mortality.27 Identifying the domains of care entails the following four tasks: 

 

Table 1. Process for the development of the ESC quality indicators for cardiovascular 

disease. 

Step 1. Identifying domains of care   

Defining the target 

population 

Define the cohort of patients for whom the set of QIs is 

intended. This may include age, sex, ethnicity bounds, or any 

other relevant patients’ characteristics which may help in 

identifying the sample of interest.     

Specifying the 

measurement period 

Specify the period during which the process of care being 

measured would be anticipated to occur. The measurement 

period should be chosen carefully so that data needed for 

measurement is readily available and reliably extractable. with 

reasonable cost and effort.  

Specifying the 

measurement duration  

Specify the time frame during which a sufficient sample size 

can be collected to provide good assessment of care quality.  

Specifying the inclusion 

and exclusion criteria 

Specify subgroups of the target population that should be 

excluded from the measurement when clinically appropriate 

and/or when data cannot be reliably obtained.  

Step 2: Constructing candidate indicators   

Conducting a literature 

review  

Conduct a systematic review of the literature, to include the 

relevant Clinical Practice Guidelines and existing QIs. 
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Candidate QIs synthesized from the literature review should 

meet the ESC attributes of QIs (Table 2).    

Defining candidate QIs  Define the numerator, which is the subset of the patients that 

has had the indicator met.  

Define the denominator, which is the proportion of patients 

within the target population eligible for the measurement.  

Define the exclusion, which is a comprehensive list of potential 

medical-, patient-, or system-related reasons for not meeting the 

measurement.  

Step 3: Selecting the final QIs set  

Obtaining expert 

opinion 

Use RAND/UCLA appropriateness method and modified 

Delphi process. Conduct at least two rating rounds, with 

interposed meeting. Ratings should be structured, anonymous 

and categorical, with instructions provided to voting panellists 

detailing the selection criteria.    

Considering composite 

QIs  

Combine two or more of the QIs into a single measure to form 

a single score. Selection the individual QIs according to the 

intention, development and scoring method of the composite 

QI.  

Step 4: Conducting feasibility assessment   

Identifying the 

numerator and 

denominator 

Assess whether identifying the numerator and denominator can 

be (or should be) achieved using data that is readily available 

in the average medical records.  

Assessing burden of 

data collection  

Assess whether identifying the numerator and denominator can 

be extracted with reasonable time and effort. 

Evaluating data 

completeness and 

reliability   

Evaluate inter-rater reliability, response rate, frequency of 

assessments and timeliness of reporting.  

QI=quality indicator; ESC=European Society of Cardiology; UCLA=university of 

California–Los Angeles 

 

4.6.1.1 Defining the target population  
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The target population is the cohort of patients for whom the set of QIs is intended. An 

unambiguous and concise definition of the target population allows simple inclusion and 

exclusion criteria and facilitates QI development.13 Target population definitions may 

include, but not be limited to age, sex, and ethnicity of patients for whom the set of QIs 

applies. Other characteristics might specify, for instance, patients with a given disease (e.g. 

heart failure), patients undergoing a particular treatment (e.g. percutaneous coronary 

intervention [PCI]), or patients at risk of developing a certain condition (e.g. sudden cardiac 

death). 

 

4.6.1.2 Specifying the measurement period  

The ‘measurement period’ is that interval during which the component of care of interest is 

measured. For instance, the prescription of angiotensin converting enzyme inhibitors or 

angiotensin receptor blockers (ACEI/ARB) for patients with left ventricular systolic 

dysfunction (LVSD) immediately after AMI, can be conducted at the time of hospital 

discharge, which is, in this example, the ‘measurement period’. In other cases, continuous 

monitoring of the target population may be needed, such as when assessing the adherence to 

guideline recommended therapies up to 6 months after AMI.13 

 

It is necessary to consider data sources when specifying the measurement period, as they 

have implications on what components of care can be assessed. In the example above, 

relevant data may be obtained from hospital records, national registries, or patient surveys. 

Not only will these potential sources have different degrees of reliability, but they will also 

provide different samples of patients.15 Defining a measurement period during which an 

important component of care delivery can be captured reliably with minimal effort is 

fundamental to developing QIs. 

 

4.6.1.3 Specifying measurement duration  

Measurement duration is the time frame during which sufficient data may be collected to 

provide a reliable assessment of care. For example, a measurement duration of 12 months for 
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a given QI implies that cases occurring during this time frame will be used in the assessment 

of quality. The measurement duration determines the number of cases obtained and, as for the 

measurement period, will determine the components of care that can be assessed. The number 

of cases may vary between providers according to workload and/or resources. Too short a 

measurement duration may disallow the collection of sufficient cases,31 while too long 

duration may affect the relevance of the data collected.13 

 

4.6.1.4 Specifying inclusion and exclusion criteria  

Certain subgroups of the target population may need to be excluded from the measurement 

when clinically appropriate. Additionally, a comprehensive list of the alternative therapies 

which may be considered equivalent to the intervention of interest should be specified. 

Returning to the example above (prescribing ACEI/ARB for patients with LVSD), exclusion 

criteria may include low blood pressure, intolerance, or a contraindication to ACEI and ARB, 

while alternative therapies may include sacubitril/valsartan combination. Other reasons for 

exclusion may be patient-related (e.g. patient preference) or system-related (e.g. limited 

resources).14 

 

4.6.2 Step 2: constructing candidate quality indicators  

The goal of this step is to construct a preliminary list of QIs (candidate QIs) for the domains 

of care identified in Step 1. This is accomplished by systematically reviewing the literature, 

including relevant Clinical Practice Guidelines and existing QIs already in use. Since 

adherence to QIs imply the delivery of optimal care for patients, an extensive review of the 

medical literature is an important part of their development process. When conducting the 

literature review, and to ensure candidate QIs are directly associated with improving quality 

of care and outcomes, one should consider: 

• The applicability (and relevance) of the data to the target population for which the 

indicator is being developed. 

• The strength of evidence supporting the indicator based on the assigned level of 

evidence (LOE). 
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• The degree to which adherence to the indicator is associated with clinically 

meaningful benefit (or harm) based on the assigned class of recommendation. 

• The clinical significance of the outcome most likely to be achieved by adherence to 

the indicator, as opposed to a statistical significance with little clinical value (see 

below). 

 

4.6.2.1 Literature review  

Conducting a systematic review of the literature according to a standardized methodology is 

needed. This ensures that QIs are both clinically meaningful and evidence-based. Initially, a 

scoping search may be performed to map the literature and identify existing QIs from 

professional organizations. This preliminary search aims to guide the development of a more 

comprehensive systematic search strategy focused on addressing gaps in care delivery. It is 

recommended that a range of medical subject heading (MeSH) terms and online databases 

(e.g. Embase, Ovid MEDLINE, and PubMed) are used to capture published, peer-reviewed 

randomized controlled trials. The search should provide clinically important outcomes for a 

given condition and identify processes of care that correlate with improvements in these 

outcomes. As such, large observational studies may be included in the search to support the 

identification of clinically meaningful outcomes. 

 

Defining ‘clinically important’ outcomes may be challenging, and involves the consideration 

of the magnitude of the treatment effect, as well as the importance, and frequency of the 

outcome. In contrast to established guidance for statistical significance thresholds in clinical 

trials, no rigorous standards exist to define a “clinically significant” difference.32High-quality 

evidence is usually derived from large randomized studies with large treatment effects or 

from individual-patient meta-analyses.32 However, such evidence may be lacking for certain 

aspects of care delivery, adherence to which implies a reflection of optimal care.9 For 

example, patient preference and shared decision making (e.g. the heart team) may not be 

underpinned by strong guideline recommendations, yet from a philosophical viewpoint are 

important aspects of optimal care.33 
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4.6.2.2 Clinical Practice Guidelines  

The ESC Clinical Practice Guidelines should serve as a basis for the development of QIs. 

However, the ESC QIs are not simply a reflection of the strongest Guideline 

recommendations. They should also consider areas where there are gaps in care, room for 

improvement and where there may be longitudinal outcomes data from existing registries. In 

addition, clinical recommendations for care by other professional organizations may also be 

considered as a potential source for QIs. Reviewing Clinical Practice Guidelines to develop 

QIs involves identifying the recommendations with the strongest association of benefit and 

harm, and evaluating these recommendations against predetermined criteria to assess their 

suitability for quality measurement. 

 

The ESC has developed criteria to aid the development and evaluation of its QIs. These 

criteria (Table 2) aim to assess the clinical importance of a given set of QIs, their evidence 

base, validity, reliability, and feasibility.34,35 Moreover, the criteria aim to ensure that 

developed QIs can be clearly defined, easily interpreted by healthcare providers, and that the 

result of the assessment may positively influence current practice. The ESC criteria for QIs 

will be complemented by expert clinical advice and should form the foundation for the ESC 

QI development. 

 

Table 2. Criteria for the development and evaluation of the ESC quality indicators for 

cardiovascular disease. 

Domain Criteria 

Importance  QI reflects a clinical area that is of high importance (e.g., common, 

major cause for morbidity, mortality, and/or health-related quality of 

life). 

QI relates to an area where there is gap in care delivery and/or 

variation in practice.  
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QI implementation will lead to a meaningful improvement in patient 

outcomes. 

QI may address under- and/or over-use of a test or treatment. 

Evidence base  QI is derived from a clearly defined, acceptable evidence consistent 

with contemporary knowledge.  

QI aligns with the respective ESC Clinical Practice Guideline 

recommendations. 

Specification  

 

QI has clearly defined patient group to whom the measurement 

applies (denominator), including explicit eligibility criteria.   

QI has clearly defined patient group for whom the QI is met 

(numerator), including explicit definition of QI meeting criteria.  

QI has a minimum population level.  

 

Validity  

QI is able to correctly assess what it is intended to, adequately 

distinguishes between good and poor quality care, and compliance 

with the indicator would confer health benefits. 

 

Reliability  

QI is reproducible even when data is extracted by different people 

and estimates of performance on the basis of available data are likely 

to be reliable and unbiased.  

Feasibility  QI may be identified and implemented with reasonable cost and 

effort  

Data needed for the assessment is (or should be) readily available 

and easily extracted within an acceptable time frame. 

Interpretability QI is interpretable by healthcare providers, so that practitioners can 

understand the results of the assessment and take actions 

accordingly.  

 

 

Actionability 

QI is influential to the current practice where a large proportion of 

the determinants of adherence to the QI are under the control of 

healthcare providers being assessed.  

This influence of QIs on behaviour will likely improve care delivery.   

QI is unlikely to cause negative unintended consequences. 

ESC=European Society of Cardiology; QI=quality indicator 
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4.6.2.3 Existing quality indicators  

The goal of this step is to avoid duplication of reporting and to incorporate available 

information about existing indicators’ validity and/or feasibility. Conceptual issues 

underlying the endorsement and validation of existing QIs have been developed.12,18 As with 

Clinical Practice Guidelines, reviewing existing QIs involves identifying pertinent indicators, 

and evaluating them against the ESC criteria for QIs (Table 2). Two considerations are 

whether existing QIs are endorsed by other professional societies, and whether any validation 

and/or feasibility data are available as this information may influence the utilization (or 

adaptation) of the existing QIs. 

 

4.6.2.4 Defining candidate quality indicators  

Following candidate QI synthesis from the literature search, the numerator and denominator 

for each candidate QI should be defined. By providing an explicit definition to each indicator, 

the Working Group will be able to evaluate this indicator against the ESC criteria (Table 2) 

and specify appropriate exclusions from the measurement. 

 

4.6.2.5 Defining the numerator  

The numerator of a QI is the group of patients who have fulfilled the QI. Table 3 provides an 

example in which a QI to assess the prescription of an ACEI/ARB to patients with LVSD 

following AMI is developed.27 In this example, the numerator definition determines what 

‘counts’ as being prescribed an ACEI/ARB and at which time point in relation to the AMI 

event. 

 

Table 3. Target population characteristics, measurement period and definition of an example 

quality indicator for the use of an ACEI or ARB for patients with hospitalised acute 

myocardial infarction. 
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Quality 

indicator 

Proportion of patients with LVEF < 0.40 who are discharged from 

hospital on ACEI (or ARB if intolerant of ACEI) 

Target 

population  

Age ≥18 years 

Sex  Any  

Primary 

diagnosis 

Survivors of hospitalised acute myocardial infarction  

Subgroup  Patients with left ventricular ejection fraction < 0.40 

Measurement 

period   

At the time of hospital discharge  

Numerator  Patients with acute myocardial infarction who have a LVEF < 0.40 and are 

prescribed an ACEI or ARB* at the time of hospital discharge *Patient 

prescribed medications that contain ACEI or ARB as part of a combination 

therapy, such as sacubitril/valsartan, meet the numerator criteria. 

Denominator Patients with acute myocardial infarction who have a LVEF < 0.40, alive at 

the time of hospital discharge and are eligible** for an ACEI or ARB  

Exclusion  Contraindications to ACEI and ARB, such as, allergy, intolerance, 

angioedema, hyperkalaemia, hypotension, renal artery stenosis, worsening 

renal function. 

ACEI=angiotensin converting enzyme inhibitor; ARB= angiotensin receptor blocker; 

LVEF=left ventricular ejection fraction 

 

4.6.2.6 Defining the denominator  

Patients within the target population who are eligible for the assessment of each QI form the 

denominator. In the example provided in Table 3, the denominator represents the subset of 

the target population eligible for an ACEI/ARB. Here, the eligibility criteria include, being 

clinically appropriate, without contraindications or intolerance to both ACEI and ARB, and 

being willing to take an ACEI/ARB. Providing specifications on how to identify (or validate) 

the target condition (AMI in the example above), and potential data sources for the 

assessment enhances indicators implementation and feasibility. 
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For some structural QIs, no denominator is needed because the assessment is binary. In such 

cases, the numerator may be the healthcare centre and the assessment may be whether or not 

a given measure is available at the centre. 

 

4.6.2.7 Defining the exclusions 

It is important to provide an extensive list of potential exclusions for each candidate QI. 

Using exclusions enables fairer assessment, particularly when the QI is intended for 

accountability, pay-for-performance, and public reporting.33,36 Considering the ACEI/ARB 

example provided in Table 3, patients with low blood pressure, hyperkalaemia, or severe 

renal impairment should not be prescribed an ACEI/ARB, and, thus, they are excluded from 

the assessment (see Step 1.4). 

 

4.6.3 Step 3: selecting the final quality indicator set 

To derive the final set of QIs from amongst the candidate indicators menu, a structured 

selection process is recommended. This process is based on, and underpinned by, the ESC 

criteria for QIs (Table 2) combined with consensus expert opinion. The composition of 

consensus panels (Working Groups) should include a wide range of stakeholders, such as 

domain experts, practising clinicians, researches, commissioners, and patients to provide 

breadth and depth of expertise to address aspects of care quality. To reduce difficulties with 

implementation, efforts should be made to select the minimum number of QIs for each 

domain. 

 

Consensus methods for obtaining and combining group judgement exist.37 These provide 

reliable and valid means for assessment and improvement of quality of care.34 The ESC QIC 

recommends the use of the RAND/University of California–Los Angeles (UCLA) 

appropriateness method and modified Delphi process,38,39 which are reliable and have 

content, construct and predictive validity for QI development.40 The modified Delphi 

technique involves conducting structured, anonymous, iterative and categorical surveys, with 
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interposed face-to-face (or video/teleconference) meetings to reach consensus. An example 

on how to obtain, combine, and analyse expert opinion is provided in Supplementary material 

online.40 

 

4.6.4 Step 4: feasibility assessment 

The feasibility assessment aims to determine whether translating each developed QI into an 

actual measure of care quality is (or should be) achievable using available data sources. It 

also entails assessment of the cost and effort required for data extraction, as well as the 

reliability of this data. When the data used for quality assessment include patient 

perspectives, such as health-related quality of life, an evaluation of the response rates and the 

time of these responses in relation to the index event is needed.13 Thus, a feasible set of QIs is 

one in which data needed for estimating performance are available in the medical records, 

likely be unbiased, and can be obtained with no significant recording and/or reporting 

delays.13 

 

The feasibility assessment may require a different skill set to that required for QI 

development (such as clinical coding experts, clinical informaticians). Feasibility assessment 

is an iterative process that involves operationalizing the QI for the potential data source,15 and 

involves the evaluation of: (i) the different methods of defining the numerator and 

denominator for the data source to be used (e.g. national registry), and (ii) the interrater 

reliability in extracting the necessary data. If defining these parameters cannot be achieved 

with reasonable effort and acceptable reliability, excluding the QI from the final set should be 

considered. 

 

4.6.5 Defining composite quality indicators 

Composite QIs (CQIs) are derived by combining two or more individual indicators in a single 

measure that results in a single score. Such CQIs may encapsulate broader aspects of care 

delivery (such as overall quality) or have a focused perspective (such as adherence to a 
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specific set of guidelines). They serve as a tool for benchmarking providers, reducing data 

collection burden, and providing a more comprehensive assessment of performance.41 When 

developed according to a structured methodology, CQI for AMI have been shown to have an 

inverse association with mortality.42,43 The intention of, and the methodology used to 

develop, the CQIs determine the selection of the individual QIs within the composite and 

should be stated alongside the proposed scoring method (e.g. all-or-none, opportunity-based, 

or empirically weighted). 

 

4.7 Discussion  

This document describes ESC methodology for the development of QIs for the quantification 

of cardiovascular care and outcomes. Cardiovascular disease is one of the major causes of 

morbidity and mortality worldwide1 and although Clinical Practice Guidelines exist, gaps in 

care remain a major challenge. The recommended approach should bring together scientific 

evidence, Clinical Practice Guidelines, consensus expert opinion, and patient involvement in 

a structured manner to inform the construction of QIs. By developing the domain specific QIs 

relating to ESC Clinical Practice Guidelines, it is hoped that the local, regional, national, and 

international quality improvement initiatives may be promoted so that geographic variation in 

care delivery and outcomes is addressed and premature death from cardiovascular disease is 

reduced. 

 

The ESC recognizes the need to improve the quality of care across its member countries to 

reduce the burden of CVD. As such, and in addition to the publication of its Clinical Practice 

Guidelines, the ESC delivers a suite of international registries of cardiovascular disease and 

treatments under the auspice of the EurObservational Research Programme. Furthermore, the 

ESC recently launched the EuroHeart project, which provides the means for quality 

improvement, observational research and randomized trials.17 Healthcare centres may 

implement QIs developed using this methodology into their local quality assessment systems 

to evaluate clinical practice or to participate in wider quality assurance programs aiming to 

improve quality of care and clinical outcomes for our patients. 
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Quality assessment provides the mechanisms to identify areas where improvements in care 

are most needed and evaluates the effectiveness of implemented interventions and 

initiatives.44 Quantifying measures of healthcare performance and implementing measures to 

improve them was associated with improved prognosis.8,10 Notwithstanding that adherence to 

therapies recommended by guidelines for the management of cardiovascular disease 

improves outcomes,45 substantial variation in care across countries suggests there is room for 

improvement.3 

 

The ESC QIs are tools which may be used to assess and improve cardiovascular care quality 

in light of ESC Clinical Practice Guideline recommendations and therefore considered as a 

step to help determine the degree to which these recommendations are being implemented. 

The QIs will serve as specific, quantifiable, and actionable measures that facilitate the rapid 

incorporation of the best evidence into practice. They are not intended for ranking or pay-for-

performance, but rather for quality improvement and performance measurement through 

meaningful surveillance, as well as for integration within registries, cohort studies, and 

clinical audits. 

 

Clinical Practice Guidelines are also written with expert consensus using best available 

evidence to standardize care. There are important differences between the ESC Clinical 

Practice Guidelines and ESC QIs. First, guidelines tend to be comprehensive and cover 

almost all aspects of care, whereas QIs are targeted to specific clinical circumstances. 

Second, the ESC Clinical Practice Guidelines are usually prescriptive recommendations 

intended to influence subsequent behaviour. On the other hand, QIs are generally applied 

retrospectively to distinguish between good- and poor-quality care (although they may 

improve guideline implementation). Third, guidelines provide flexible recommendations that 

intentionally leave room for clinical judgement, while QIs are precise measures that can be 

applied systematically to available data to ensure comparability.40 Finally, QIs are intended 

for a more narrowly defined population than Clinical Practice Guidelines. The target 

population for a QI should only include patients (or subset of patients) for whom good 
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evidence supporting the intervention exists taking into account patient preference and health 

status.33 

 

A number of unintended consequences to QIs have been described in the literature.36 These 

consequences may arise from the fact that performance measurement itself is not capable of 

improving quality. Performance measurement may miss areas where evidence is not 

available. Furthermore, important aspects of care quality may not be readily and/or reliably 

quantifiable.9 Thus, by providing this methodology statement, the ESC anticipates that the 

developed QIs are associated with favourable outcomes and seen as a tool within a broader 

quality improvement strategy that encompasses multiple dimensions of quality, follows its 

own ‘learn-adapt’ cycle, and adjusts both the QIs themselves and how they are used.9 

This approach to the development of QIs is not without limitations. Since the QIs are 

developed on condition-specific basis, this may lead to condition-specific assessment at the 

provider-level, and thus, may impact on the care in other areas not captured by the 

assessment. This challenge may be solved by combining broad sets of QIs that are integrated 

into a system of quality assessment. Furthermore, when assessed in national and international 

registries, QIs for AMI that have been developed using similar approach,27 were inversely 

associated with mortality.46 This proposed methodology has now been, and is being, used for 

the development of QIs for other cardiovascular domains, including atrial fibrillation and 

heart failure. 

 

Another limitation is the reliance on expert panel opinion. Although different panels may 

select different QIs, the proposed QIs development process is based on robust literature 

review, explicit selection criteria, and the use of the modified Delphi technique. Previous QIs 

developed in relatively similar methodology were found to be highly valid, feasible, and 

inversely related with mortality.46 In addition, having a wide range of stakeholders, including 

practitioners, researchers, members of the respective Clinical Practice Guidelines Task Force, 

commissioners, and patients in the rating rounds would ensure reasonable representation of 

important aspect of care delivery. 



 101 

 

4.8 Conclusion  

The provision of tools for the measurement of care quality is a necessary next step to 

reducing the burden of cardiovascular disease and close the ‘evidence-practice gap’. By 

means of a transparent methodological approach for the construction of valid and feasible 

QIs, a suite of ESC QIs will be developed for a wide range of cardiovascular conditions and 

interventions. These will provide the underpinning framework that enables healthcare 

professionals and their organizations systematically to improve care and, therefore, clinical 

outcomes. 
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Chapter 5. Data standards for acute coronary syndrome and percutaneous coronary 

intervention: The European Unified Registries for Heart Care Evaluation and 

Randomised Trials (EuroHeart) 

 

In collaboration with the Association of Cardiovascular Nursing and Allied Professions 

(ACNAP), Association for Acute Cardiovascular Care (ACVC), European Association of 

Percutaneous Cardiovascular Interventions (EAPCI), EURObservational Research 

Programme (EORP), ESC Patient Forum, ESC Working Group on Thrombosis and ESC 

Committee for Young Cardiovascular Professionals 

 

Gorav Batra, Suleman Aktaa, Lars Wallentin, Aldo P Maggioni, Peter Ludman, David 

Erlinge, Barbara Casadei, Chris P Gale 

 

5.1 Summary of the publication: 

• Using the methodology outlined in Chapter 3, this document presents the EuroHeart 

data standards for acute coronary syndrome and percutaneous coronary interventions. 

• These data standards have been implemented in the EuroHeart IT platform and are 

currently in use collecting real-world data in a number of countries. 

 

5.2 Publication status: 

Accepted for publication in the European Heart Journal. 

 

5.3 Abstract and Keywords 

 

5.3.1 Aims 

Standardised data definitions are essential for monitoring and benchmarking quality of care 

and patient outcomes in observational studies and randomised controlled trials (RCTs). There 

are no contemporary pan-European data standards for acute coronary syndrome (ACS) and 

percutaneous coronary intervention (PCI). The European Unified Registries for Heart Care 
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Evaluation and Randomised Trials (EuroHeart) project of the European Society of 

Cardiology (ESC) aimed to develop such data standards for ACS and PCI. 

 

5.3.2 Methods and Results 

Following a systematic review of the literature on ACS and PCI data standards and 

evaluation of contemporary ACS and PCI registries, we undertook a modified Delphi process 

involving clinical and registry experts from 11 European countries, as well as representatives 

from relevant ESC Associations, including the European Association for Percutaneous 

Coronary Intervention (EAPCI) and Acute CardioVascular Care (ACVC). This resulted in 

final sets of 68 and 84 ‘mandatory’ variables and several catalogues of optional variables for 

ACS and PCI, respectively. Data definitions were provided for these variables, which have 

been programmed as the basis for continuous registration of individual patient data in the 

online EuroHeart IT platform. 

 

5.3.3 Conclusion 

By means of a structured process and the interaction with major stakeholders, internationally 

harmonised data standards for ACS and PCI have been developed. In the context of the 

EuroHeart project, this will facilitate country-level quality of care improvement, international 

observational research, registry-based randomised trials and post-marketing surveillance of 

devices and pharmacotherapies. 

 

5.3.4 Keywords 

Data standards. Data variables. Data definitions. Acute coronary syndrome. Percutaneous 

coronary intervention. EuroHeart. 

 

5.4 One-sentence summary 
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The EuroHeart data standards for acute coronary syndrome and percutaneous coronary 

intervention are a suite of standardised data variables and definitions that once implemented 

will enable reliable monitoring of quality of care and outcomes. 

 

Central illustration. Domains of the 2021 EuroHeart acute coronary syndrome and 

percutaneous coronary intervention data standards with number of level 1 (mandatory) 

variables 
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5.5 Introduction 

Standardised data definitions are essential for the reliable investigation of quality of care and 

outcomes in observational studies and randomised controlled trials. Heterogeneity in such 

definitions impedes benchmarking and leads to inconsistencies that directly impact the 

interpretation of clinical studies and the implementation of their findings.1 

 

With the advent of large-scale registries, administrative databases, and the widespread use of 

electronic health records (EHRs) in routine clinical practice, opportunities to deliver cost 

efficient investigator-initiated observational and randomised studies of both devices and 

pharmacological treatments have been realised.2–4 Yet, between-country comparisons remain 

challenging. This is often driven by a variation in the variables and their definitions.5 This 

restricts the ability to combine and efficiently compare data across databases. In countries 

where registry-based randomised controlled trials (R-RCTs) are feasible, country-specific 

definitions of outcomes or disease states that inform patient recruitment can limit the 

international generalisability of the study findings.6 Standardised data variables and 

definitions would provide means to overcome these limitations and enable international R-

RCTs and the evaluation of quality of care according to guideline-recommended quality 

indicators in multi-country observational cohorts.7–10 

 

Currently, there are no contemporary pan-European data standards for cardiovascular disease. 

The Cardiology Audit and Registration Data Standards (CARDS) was developed in 2004 and 

was the first European initiative to address this gap in knowledge.11 The European Unified 

Registries for Heart Care Evaluation and Randomised Trials (EuroHeart) is an international 

collaboration initiated and supported by the European Society of Cardiology (ESC) that aims 

to improve the quality of cardiovascular care through continuous capture of individual patient 

data.12 EuroHeart is underpinned by a purpose-built IT platform enabling real-time data 

recording, monitoring of standards of care, data linkages and the delivery of R-RCTs and 

observational studies. During the pilot phase, EuroHeart will focus on four clinical domains, 

the first of which is acute coronary syndrome (ACS) and percutaneous coronary intervention 

(PCI). Here we describe the development process and the resultant standardised data 
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variables and definitions for ACS and PCI based on the EuroHeart methodology for 

development of data standards13. 

 

5.6 Methods 

 

5.6.1 Working Group composition 

A Data Science Group under the auspice of EuroHeart was established in August 2019. This 

comprised a project chair (C.G.), two medical experts (G.B. and S.A.) and a project manager. 

An international ACS/PCI Working Group was established and included 22 ACS/PCI and 

registry experts, representing 11 European countries. The selection of the Working Group 

members was based on ACS and/or PCI expertise and experience of national registries. 

 

Figure 1. EuroHeart data standards structure 
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5.6.2 Defining data standards 

The goal of the development process was to select and define a catalogue of ACS/PCI 

variables, the extent of which was balanced between all-encompassing and parsimonious. For 

instance, whereas some registries collect up to 370 variables,14,15 the Data Science Group 

opted to limit the number of ‘mandatory’ variables to between 50 and 100. Three levels of 

variables were proposed (Figure 1). Level 1: ‘mandatory’ variables that also are pre-

programed into the EuroHeart IT platform and include quality indicators and variables 

pertinent to accountability and public reporting of quality of care. Level 2: ‘additional’ 

variables that are provided together with definitions, but collection not being mandatory and 

not pre-programed into the IT platform. Level 3: country- or centre-specific variables that 

address local regulatory and/or administrative requirements and that are not defined or 

programmed into the IT platform.  

 

5.6.3 Literature search and evaluation of registries 

A systematic review of the published literature (1st January 2004 – 4th August 2020) 

identified 554 ACS/PCI variables with accompanying definitions. Evaluation of 

contemporary national registries in Sweden (Swedish Web-system for Enhancement and 

Development of Evidence-based care in Heart Disease Evaluated according to Recommended 

Therapies [SWEDEHEART]), United Kingdom (Myocardial Ischaemia National Audit 

Project [MINAP],  National Audit of Percutaneous Coronary Intervention [NAPCI]) and 

United States (National Cardiovascular Data Registry [NCDR]) was performed.14–17 

Variables defined as quality indicators for ACS were automatically selected as candidate 

variables.10 Other variables were assessed according to their evidence-base, validity, 

reliability, feasibility and applicability. Candidate variables were classified according to 

timepoint of care delivery and, where possible, reconciled with Clinical Practice Guidelines 

and quality indicators.7,8,18,19 

 

5.6.4 Consensus development 

The modified Delphi method was used to draw from the candidate variables a final set of 

ACS/PCI variables. To achieve this, candidate variables were shared with the Working 

Group, who were asked to assess them for inclusion against the pre-defined criteria and to 
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evaluate the associated definitions. Responses and feedback were evaluated by the Data 

Science Group and the candidate variable catalogue updated accordingly. In total, 11 peer-to-

peer meetings were held during 2020. The developed variables were thereafter reviewed by 

the Association for Acute Cardiovascular Care (ACVC), European Association of 

Percutaneous Cardiovascular Interventions (EAPCI), ESC Working Group on Thrombosis, 

Association of Cardiovascular Nursing and Allied Professions (ACNAP), ESC Patient Forum 

and ESC Committee for Young Cardiovascular Professionals. 

 

5.7 Results 

 

In total, 302 variables were included in the EuroHeart ACS/PCI catalogue: 152 Level 1 

‘mandatory’ variables (68 for ACS and 84 for PCI) with 20 variables common to both 

datasets, and 150 Level 2 ‘additional’ variables. Tables 1-7 show the ‘mandatory’ variables, 

with condensed definitions. Detailed information about the ‘mandatory’ variables are 

provided in Supplementary Tables s1-s7, whereas ‘additional’ variables are provided in 

Supplementary Tables s8-s14. 

 

5.7.1 Demographics 

There are 7 ‘mandatory’ variables in this section, all of which are common between the ACS 

and PCI data standards (Table 1). The section will be replicated in the other EuroHeart 

clinical domains so that time-independent patient information (e.g. date of birth) may be 

collected once and applied to all subsequent episodes of care. This section allows the use of 

permanent unique personal identification numbers to identify patients.20 When matching the 

identification number with other data sources, information such as forename, surname, sex 

and postal code may be extracted automatically. The EuroHeart IT platform will generate 

unique patient identifiers for those countries that do not use them, which once assigned may 

not be changed or reassigned to other patients. Each patient’s geolocation is collected as their 

current residential postal code. 
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5.7.2 Patient characteristics and comorbidities  

The patient characteristics and comorbidities section contains 13 ‘mandatory’ variables 

collecting comorbidities relevant to ACS and/or PCI (Table 2). The choice of comorbidities 

was prioritised according to what the Working Group perceived to be information available 

in an average medical case record. Many of the variables are also relevant when 

characterising the patient’s risk and are essential when reporting underlying medical history 

in observational and randomised trials, when understanding trends in quality improvement 

and when assessing treatment strategies. 

 

5.7.3 Admission 

Table 3 depicts the ‘mandatory’ variables for the admission section. Information about care 

timepoints can be difficult to collect, but is important given it is used for the derivation of 

quality indicators.7,8 Medications at the time of admission form ‘additional’ variables and are 

defined in Supplementary Table s10. 

 

5.7.4 In-hospital management 

This section collects information concerning investigations, treatments and events occurring 

in-hospital (Table 4). Laboratory results for diagnosis (e.g. cardiac biomarkers), risk 

stratification (e.g. serum creatinine) and risk factors modification (e.g. low-density 

lipoprotein cholesterol) are ‘mandatory’ variables.7,8,18 Laboratory results for specific 

situations or subgroups (e.g. N-terminal prohormone of brain natriuretic peptide, C-reactive 

protein, cholesterol, glucose and haemoglobin A1c) are ‘additional’ variables and are detailed 

in Supplementary Table s11. The 2020 ESC guidelines for the management of acute coronary 

syndromes in patients presenting without persistent ST-segment elevation recommends the 

assessment of the left ventricular ejection fraction (LVEF) during the hospital stay, and thus 

forms a ‘mandatory’ variable.7 Categorisation of LVEF aligns with the 2021 ESC guidelines 

for the diagnosis and treatment of acute and chronic heart failure.21 Given that reperfusion is 

the cornerstone for the management of patients with ACS, five ‘mandatory’ variables are 

dedicated to the evaluation of the coronary artery anatomy and reperfusion strategy.7,8  
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Figure 2. Conceptual image of the EuroHeart IT platform and the EuroHeart-PCI coronary 

artery segments 

 

 
AM= acute marginal, D= diagonal, LAD= left anterior descending artery, LCx= left 
circumflex artery, LMCA= left main coronary artery, LPD= left posterior descending artery, 
OM= obtuse marginal, PLA= posterior left artery, RCA= right coronary artery, IM= 
intermediate artery.  

 

5.7.5 Diagnostic coronary angiography and percutaneous coronary intervention 

This section has two parts. The first part captures information about invasive coronary 

angiography (ICA) (Table 5) and includes an interactive diagram of the coronary tree (Figure 

2). It provides a solution for the fact that there are international differences in the extent of 

information recorded in registries (e.g. all ICA procedures in Sweden14 vs. all PCI procedures 

in the United Kingdom16). Equally, the Data Science Group reviewed coronary anatomy 

visualisation tools including the Bypass Angioplasty Revascularisation Investigation (BARI) 

and the Coronary Artery Surgery Study (CASS) schemes describing coronary anatomy.22,23 

The consensus of the Working Group was to adopt a simplified 20-segment system adapted 

from the SWEDEHEART registry, which enables interactive reporting of stenoses found in 

major coronary arteries (Figure 2).14 
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The second part captures information about the procedural indication, urgency, findings and 

complications (Table 6). It collects information such as date, time and type of the arterial 

access, given the use of radial access is recommended as a quality indicator in the 2020 ESC 

guidelines for the management of acute coronary syndromes in patients presenting without 

persistent ST-segment elevation.7 In addition, thrombolysis with myocardial infarction 

(TIMI) grades before and following the procedure, and intracoronary equipment and devices 

used are captured in this section. 

 

5.7.6 Discharge 

This section collects information about the final ACS diagnosis and medications prescribed at 

the time of discharge from hospital (Table 7). The final diagnosis includes ST-elevation 

myocardial infarction, non-ST-elevation myocardial infarction and unstable angina (with 

accompanying World Health Organisations (WHO) standardised International Classification 

of Diseases (ICD-10) codes). Medication information includes Anatomical Therapeutic 

Chemical codes and drug dosages as ‘additional’ variables (Supplementary Material, Table 

s14). 

 

5.8 Discussion 

 

Adoption of harmonised data collections are central for continuous improvement of 

cardiovascular care.24 The lack of internationally recognised data standards has led to large 

inequalities in monitoring and standards of care within and between European countries and 

also resulted in expensive and inefficiently coordinated and delivered studies of 

cardiovascular treatments.25 Currently, there are no contemporary pan-European data 

standards for ACS and PCI. The EuroHeart project of the ESC, by means of a structured 

methodology, has defined a catalogue of data standards for ACS and PCI, which will be 

implemented into a bespoke IT platform to facilitate harmonised country-level quality 

improvement, international observational and registry-based randomised research and post-

marketing surveillance of devices and pharmacotherapies. 
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Existing European national cardiovascular registries comprise distinct and discordant entities 

with differing data variables and definitions.26 This substantially limits their usability in 

collaborative large-scale studies. Data standards and case report forms presented by CARDS, 

the EURObservational Research Programme (EORP) and the American College of 

Cardiology (ACC) and the American Heart Association (AHA) have been used in national 

registries and in clinical trials,11,27,28 but differ in their data variables and definitions. 

Furthermore, no previous international cardiovascular data standards initiative has provided 

the means by which data may be efficiently collected in ‘real-world’ settings. Moreover, the 

ACC/AHA data standards for coronary artery disease and PCI contain over 300 variables that 

make it difficult to implement in a pragmatic registry.28,29 By contrast, the EuroHeart data 

standards presented in this article have a restricted number of mandatory ACS/PCI variables, 

bolted onto an IT platform for effective data collection. 

 

After years of steady decline, the reduction of mortality rates post-MI has plateaued in many 

countries; CVD remains the main cause of death worldwide and the burden of CVD is 

increasing in low- to middle-income economies.30 The standardised collection of 

cardiovascular data and the understanding of how to use observational and randomised data 

in cardiovascular medicine is a clear unmet need and an important next step towards defining 

variation in cardiovascular care and facilitating continuous quality improvement.4 The 

emergence of new devices and drugs for the management of CVD provide opportunities for 

improved outcomes but require post-marketing surveillance. In addition, the growing 

complexity and financial burden of traditional RCTs create a need to develop innovative 

ways to conduct high-quality, yet cost-effective research. National registries which 

implement uniform data standards will facilitate rapid and efficient post-marketing 

surveillance of device therapies and pragmatic R-RCT with pooled data from multiple 

geographical locations.6 Starting in 2021, the EuroHeart IT platform will collect all 

‘mandatory’ variables and support the development of ‘additional’ variables in participating 

countries. Once fully adopted, the IT infrastructure will include applications for clinical 

reporting in the local health care system, and provide tools for observational research, R-

RCTs and post-marketing surveillance of drugs and devices. Importantly, no individual 

patient-level data will be transferred outside the local country/region, and thus a signed 
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informed consent will not be required for the standard data collection in most countries. For 

future reports on standards of care in different countries, aggregated and anonymised data 

might be shared by the individual countries. However, for prospective research projects, such 

as R-RCTs or drug and device monitoring, informed consent from participants’ will be 

required as in any clinical trials. In these cases, selected anonymised individual study data 

may be transferred for analysis to a central repository according to clinical trial protocols. 

Finally, as part of mutually agreed international epidemiological research projects and based 

on ethical and regulatory approval, anonymised retrospective registry cohorts may be 

transferred to a central repository for predefined statistical analysis. In all cases, the 

national/regional registry parties are responsible for defining the legal framework applicable 

to their participation in EuroHeart and its various features and for ensuring that they do not 

violate either local or international law. 

 

We recognise the limitations of the EuroHeart data standards development process. This 

includes the use of expert opinion (which may be biased) for the selection of the final data 

variables and definitions from those identified in the literature review. However, the 

EuroHeart ACS and PCI data standards were developed using a structured and recognised 

methodology for selecting the expert panel and for obtaining their opining and feedback. 

Likewise, the inclusiveness of the Working Group, which comprised experts from many 

European countries, provided a robustness and transparent framework for the development of 

the variables and definitions. Of note, the data standards proposed in this document are based 

on the evidence available at the time of development. Accordingly, updates may be required 

as more and new knowledge becomes available. 

 

5.9 Conclusions 

This document presents the first set of data standards, developed as part of the EuroHeart 

project, which aims to harmonise data variables and definitions across common 

cardiovascular domains. In total, 68 and 84 ‘mandatory’ variables for ACS and PCI domains 

have been proposed. Also, several ‘additional’ variables have been defined. Once fully 

adopted into the EuroHeart IT platform, the data standards will facilitate country-level quality 
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improvement, observational and registry-based randomised research and post-marketing 

surveillance of new devices and pharmacotherapies. 
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Chapter 6. Data standards for heart failure: The European Unified Registries for Heart 

Care Evaluation and Randomised Trials (EuroHeart) 

Developed in collaboration with the Heart Failure Association of the European Society of 

Cardiology. 

  

Suleman Aktaa, Gorav Batra, John G. F. Cleland, Andrew Coats, Lars H. Lund, Theresa 

McDonagh, Giuseppe Rosano, Petar Seferovic, Peter Vasko, Lars Wallentin, Aldo P 

Maggioni, Barbara Casadei, Chris P Gale 

 

6.1 Summary of the publication: 

• Using the methodology outlined in Chapter 3, this document presents the EuroHeart 

data standards for heart failure. 

 

6.2 Publication status: 

Accepted for publication in the European Heart Journal. 

 

6.3 Abstract  

6.3.1 Aims 

Standardised data definitions are essential for assessing quality of care and patient outcomes 

in observational studies and randomised controlled trials (RCTs). The European Unified 

Registries for Heart Care Evaluation and Randomised Trials (EuroHeart) project of the 

European Society of Cardiology (ESC) aims to create contemporary pan-European data-

standards for cardiovascular diseases, including heart failure.  

 

6.3.2 Methods and Results 

We followed the EuroHeart methodology for cardiovascular data standard development. A 

Working Group including experts in heart failure registries, representatives from the Heart 

Failure Association of the ESC and EuroHeart was formed. Using Embase and Medline 
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(2016 to 2021), we conducted a systematic review of the literature on data standards, 

registries and trials to identify variables pertinent to heart failure. A modified Delphi method 

was used to reach consensus on the final set of variables. For each variable, the Working 

Group developed data definitions and agreed on whether it was a mandatory (Level 1) or 

additional (Level 2). In total, 84 Level 1 and 79 Level 2 variables were selected for 9 

domains of heart failure care. These variables were reviewed by an international reference 

group with the level 1 variables providing the dataset for registration of patients with heart 

failure on the EuroHeart IT platform.  

 

6.3.3 Conclusion 

By means of a structured process and interaction with international stakeholders, harmonised 

data standards for heart failure have been developed. In the context of the EuroHeart, this will 

facilitate quality improvement, international observational research, registry-based 

randomised trials and post-marketing surveillance of devices and pharmacotherapies across 

Europe.  

 

6.3.4 Keywords 

Data standards. Variables. Data definitions. Heart failure. Quality of Care. EuroHeart. 

 

6.4 One-sentence summary 

The EuroHeart data standards for heart failure are a suite of internationally standardised data 

variables and definitions that, once implemented, will facilitate monitoring and improving the 

quality of care and outcomes for patients with heart failure. 

 

Central illustration. 2021 ESC EuroHeart Data Standards for heart failure 
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EuroHeart=European Unified Registries for Heart Care Evaluation and Randomised Trials. 
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6.5 Introduction  

Standardised data definitions are essential for the reliable monitoring and comparison of 

quality of care and outcomes in observational studies and form the basis for data management 

in randomised controlled trials (RCT). There is lack of international consensus about the use 

and description of heart failure (HF) variables for patient characteristics, care delivery 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 clinical 

studies and the acceptance of their findings.1, 2 

 

The 2021 American College of Cardiology (ACC) / American Heart Association (AHA) Key 

Data Elements and Definitions for HF provides a comprehensive list of data variables 

relevant to the HF care process.3 It comprises 295 data variables, but with no hierarchical 

specification as to which are of a greater importance - potentially limiting their uptake in 

clinical practice.3 Also, the dataset was developed in accordance with North American 

Clinical Practice Guidelines and healthcare system characteristics and, unlike the European 

Society of Cardiology (ESC) recommendations, uses a locally proposed staging system for 

HF that has not been adopted widely outside North America. For Europe, the Cardiology 

Audit and Registration Data Standards (CARDS) project in 2004 defined a set of variables 

for acute coronary syndrome, percutaneous coronary intervention and clinical 

electrophysiology, but not HF.4 The ESC EuroHeart project is a new initiative to develop 

contemporary data standards for a range of cardiovascular diseases and interventions, 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 implementation and cardiovascular outcomes among other cardiovascular areas.55 6 

This document specifically presents the EuroHeart data standards for HF, which have been 

developed in collaboration with the Heart Failure Association (HFA) of the ESC.  

 

6.6 Methods 

A Data Science Group under the auspice of the EuroHeart project was established in August 

2019. This comprised a project chair (C.G.), two medical experts (G.B. and S.A.) and a 

project manager. 
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Figure 1. EuroHeart registry structure  

 
ACS=acute coronary syndrome, AF=atrial fibrillation, HCP=healthcare professional, 

PCI=percutaneous coronary intervention, TAVI=transcatheter aortic valve implantation    

 

6.6.1 Working and Reference groups 

A Working Group for the development of the 2021 EuroHeart data standards for HF was 

formed 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 the Appendix (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.   

 

6.6.2 EuroHeart methodology 

We followed the EuroHeart methodology for cardiovascular data standard development.7  In 

brief, this methodology involves: (1) identification of a cardiovascular domain for 

development of data standards; (2) conduction systematic review of the literature to 

synthesise a list of ‘candidate’ variables; (3) selection and prioritisation of variables by 
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domain experts using a modified Delphi method; (4) Reference Group feedback and (5) 

programming the final data variables into the EuroHeart IT platform.7 

 

6.6.3 Scope 

From the outset, the Data Science Group consulted with the Working Group to decide upon 

the extent of the HF registry for EuroHeart. It was agreed that the registry should capture 

information relating to both in-hospital and out-patient care because, unlike acute coronary 

syndrome for instance, HF is a chronic disease spanning multiple clinical settings, where 

treatment is often optimised and adjusted in response to disease progression, the development 

of co-morbid disease and the side-effects of therapy.     

 

6.6.4 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 01 January 2016 and 10 January 2021. These dates were 

chosen to capture contemporary HF management and data-collection. We included peer-

reviewed randomised trials or prospective observational studies that provided definitions for 

at least one variable relevant to HF diagnosis, management, or outcomes. We also reviewed 

data dictionaries from HF registries, as well as HF quality indicators and HF Guidelines.8-10 

Following the literature search, a ‘long-list’ of candidate HF variables was identified for 

potential inclusion in the EuroHeart dataset.  

 

6.6.5 Variable level 

In EuroHeart, variables are classified as Level 1 variables if they are needed for the 

assessment of the quality of HF care (quality indicators), important for risk stratification, 

case-mix adjustment and outcome evaluation. EuroHeart provides clinical definitions for the 

Level 1 variables and implements them on the EuroHeart IT platform to facilitate their 

collection. Level 2 variables are further measures which may prove useful in selected areas or 

circumstances, but which are not universally available or useful. They complement quality 
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assessment and may have a role in observational or randomised 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 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 (Figure 1).7 Level 3 variables are not defined or programmed by 

EuroHeart.  

 

6.6.6 Selection of the final set of variables 

Using a modified Delphi method, the Working Group reviewed the list of candidate variables 

identified from the systematic literature 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 development (importance, evidence base, validity, reliability, 

feasibility and applicability) was 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 meetings.  

 

6.6.7 Implementation  

After arriving at the final set of variables, the Data Science Group worked with the Registry 

Technology groups of the EuroHeart project to programme the Level 1 variables into the 

EuroHeart IT platform. For each variable, details were provided to the IT team regarding the 

clinical setting(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.  

 

6.7 Results 

The systematic review retrieved 1,715 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 
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82 (43%) from Clinical Practice Guidelines and quality indicators. Following the modified 

Delphi method, 84 Level 1 variables (Supplementary table S1), and 79 Level 2 variables 

(Supplementary table S2) were selected across 9 domains of HF care.  

 

These key domains of HF care in the EuroHeart-HF registry are: (1) Demographics, (2) 

Patient characteristics and comorbidities, (3) Presentation details, (4) Medications prior to 

encounter, (5) Health-related quality of life, (6) tests, (7) In-hospital management, (8) 

Discharge details and (9) Medications at discharge. With the exception of the ‘In-hospital 

management’ domain, all other domains comprise variables for the inpatient and outpatient 

settings as shown in Supplementary tables S1 and S2.  

 

6.7.1 Domain 1: Demographics 

This domain was aligned with the EuroHeart acute coronary syndrome and percutaneous 

coronary intervention registries5 to minimise 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 

(Supplementary table S1).11 Patient-identifiable data are stored and managed locally in line 

with each country’s data-sharing regulations. Anonymised data that are aggregated at the 

centre- or the country-level may be shared centrally with the EuroHeart Data Centre 

following an agreement from both parties. 
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Figure 2. Sample of the variables in patient characteristics and comorbidities domain   

 

 

6.7.2 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 past medical history at the time of encounter with 

a healthcare professional (Supplementary table S1). In addition, this domain captures 

information about comorbidities that may influence the decisions for patient care, improve 

the prediction of outcomes,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 table S2.  

 

6.7.3 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 
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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 status at the time of assessment (initial or 

recurrent). Such information may be easily captured and is of a prognostic value for risk 

stratification 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, and Killip class at the time of 

initial assessment (Supplementary table S1).12, 15  

 

Figure 3. Sample of the variables in the Tests domain  

 
LVEF=left ventricular ejection fraction.  

 

6.7.4 Domain 4: Prescribed medication prior to encounter  

Whilst a patient’s pharmacotherapy prior to registration may provide insight about the 

changes in treatment which have taken place during the episode of care, the Working Group 
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raised concerns about the feasibility of collecting such information. Therefore, pre-

registration medications were included as Level 2 variables (Supplementary table S2), unlike 

medications at discharge (Domain 9). 

 

6.7.5 Domain 5: Health-related quality of life  

Patient reported outcome measures, particularly health-related quality of life (HRQoL) are of 

importance.16 A number of validated HF-specific measurement tools exist for HRQoL.17 The 

Kansas City Cardiomyopathy Questionnaire and the Minnesota Living with Heart Failure 

Questionnaire are commonly used HF-specific tools to measure HRQoL.18 Other generic 

tool, such as the EuroQol 5-dimensions and the short-form survey have also been used to 

evaluate HRQoL in patients with HF.19 For the EuroHeart HF registry, information about 

whether HRQoL was assessed at each encounter and which tool was used as Level 1 category 

variables (Supplementary table S1) is collected. The results of the measurement are 

developed as Level 2 variables (Supplementary table S2). Notably, the EuroHeart IT platform 

allows the implementation of HRQoL questionnaires as Level 3 variables for those who have 

the desire, resources and appropriate licensing permissions.  
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Figure 4. Sample of the variables in the Discharge medications domain  

 

 

 

6.7.6 Domain 6: Investigations  

Tests such as the measurement of the left ventricular ejection fraction 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 ECG characteristics influence decisions about treatment23 and 

have a role in risk stratification (Figure 3).24, 25 As such, these variables are included as Level 

1 variables (Supplementary table S1), with other investigations (e.g. C-reactive protein) 

placed as Level 2 variables (Supplementary table S2). 

 

6.7.7 Domain 7: In-hospital management    

This relates to the processes of care that are delivered during episodes of hospitalisation 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 
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interventions such as percutaneous coronary intervention or transcatheter aortic valve 

implantation (Supplementary table S1). Here, there are also a number of Level 2 variables 

capturing information about the use of circulatory support (mechanical and pharmacological), 

respiratory support and renal replacement therapy during the hospital stay (Supplementary 

table S2).26  

  

6.7.8 Domain 8: Discharge details 

The ‘Discharge details’ domain includes information about length of hospital stay, in-hospital 

deaths and discharge information, such as weight and plasma concentration of natriuretic 

peptides at the time of discharge (Supplementary table S1). Such data are important for the 

evaluation of outcomes of care, but also may have a role in risk stratification.27 Moreover, an 

accumulating body of evidence supports the involvement of a multidisciplinary team (e.g., 

cardiac rehabilitation, heart failure clinics) in the management of HF and, after hospital 

discharge, early follow-up with a healthcare professional.23, 28 Recently, these aspects of care 

have been proposed as ESC quality indicators for HF9 and are thus included as Level 1 

variables (Supplementary table S1). Less well-established assessments (e.g., NYHA class at 

discharge) or highly-specialised interventions (e.g., referral to heart transplantation) are 

classified as Level 2 variables (Supplementary table S2). 

 

6.7.9 Domain 9: Discharge 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 (Figure 4).9, 23 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, recognising that titration of medication may be 

incomplete at the time of discharge (from clinic or hospital) (Supplementary table S1).9, 23 

These variables may also be of an importance for evaluating changes in care and outcomes 

over time.29 
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Whilst capturing information about existing contraindications to guideline recommended 

therapy for HF may provide a more meaningful assessment of care quality,30 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 indicated are Level 2 (Supplementary table S2).  

 

6.8 Discussion 

Adoption of harmonised data-collection is central to improving cardiovascular care.25 The 

lack of internationally recognised standardised data definitions has led to variability and 

inefficiencies in the monitoring of HF epidemiology and standards of care within and 

between countries.31, 32  The EuroHeart project of the ESC, by means of a structured 

methodology and in collaboration with the HFA has defined 84 Level 1 and 79 Level 2 

variables for HF, which will be implemented on a bespoke IT platform to facilitate 

harmonised country-level quality improvement, international observational and registry-

based randomised trials and post-marketing surveillance of devices and pharmacotherapies. 

 

The prevalence of HF and the healthcare resources required to manage it is increasing 

worldwide,33 including Europe.34-36 The emergence of novel therapies for HF in recent 

years23 and the emphasis on integrating these therapies with established care37 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 practice.38-41 However, the lack of harmonised data standards for HF limits the 

scalability of such registries, makes international comparisons less reliable and hinders the 

development of registry-based randomised trials that could improve the efficiency and cost-

effectiveness of both research and healthcare.42-44  

 

EuroHeart provides a unique opportunity to develop an infrastructure for data-capture 

through which generalisable evidence can be derived to manage the growing burden of 

cardiovascular disease.6 EuroHeart aims to collect longitudinal patient data such that the 
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patterns of care delivery over time can be captured. As opposed to a cross-sectional 

assessment, this model allows the continuous identification of the changes in the 

characteristics and type of HF, as well as in the symptoms and treatment strategy.  

 

The EuroHeart data standards for HF have been developed in collaboration 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 standards 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 amongst the HF community.  

 

The developed data standards for HF extends the existing literature by providing the 

European perspective to other HF quality registries, such as Get With the Guidelines 

(GWTG) in the United States.45 Although EuroHeart-HF and GWTG have similar mandatory 

variables, some differences exist. EuroHeart-HF records information about whether patient-

reported outcome measures were collected, which GWTG does not. On the other hand, 

GWTG mandates collection of variables capturing the rationale for not prescribing 

guidelines-recommended therapies for HF (e.g., beta-blockers), while these are Levels 2 

variables in 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.46 The Working Group 

acknowledges that standardised data-ontologies are needed to achieve semantic 

interoperability between registries, clinical trials and routinely collected electronic healthcare 

records (EHR).47 Whilst individual centres can integrate the EuroHeart registry with their 

EHR to allow the seamless transfer of data from one system to another, this integration needs 

to be performed on the local level because of the substantial variation in the EHR systems 
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that are being used in different centres. Furthermore, we recognise the limitations of the 

EuroHeart methodology for data-standard development. Despite the conduct of a systematic 

review of the literature, 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 projects, and the wide representation of the Reference Group has 

enabled 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.  

 

6.9 Conclusions 

This document presents the first EuroHeart international data standards for HF which have 

been developed in collaboration with the HFA using a standardised methodology. The 84 

Level 1 and variables have been implemented on the EuroHeart IT platform and can be 

adopted by HF registries around the world to harmonise the method by which HF data are 

captured.    
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Chapter 7. 2020 Update of the quality indicators for acute myocardial infarction: a 

position paper of the Association for Acute Cardiovascular Care: the study group for 

quality indicators from the ACVC and the NSTE-ACS guideline group 

 

François Schiele, Suleman Aktaa, Xavier Rossello, Ingo Ahrens, Marc J Claeys, Jean-

Philippe Collet, Keith A A Fox, Chris P Gale, Kurt Huber, Zaza Iakobishvili, Alan Keys, 

Ekaterini Lambrinou, Sergio Leonardi, Maddalena Lettino, Frederick A Masoudi, Susanna 

Price, Tom Quinn, Eva Swahn, Holger Thiele, Adam Timmis, Marco Tubaro, Christiaan J M 

Vrints, David Walker, Hector Bueno, ESC Scientific Document Group, Sigrun Halvorsen, 

Tomas Jernberg, Jarle Jortveit, Mai Blöndal, Borja Ibanez, Christian Hassager 

 

7.1 Summary of the publication: 

• This paper describes an international collaboration to develop quality indicators for 

acute myocardial infarction (AMI) using the methodology presented in Chapter 4.  

• Overall, 26 quality indicators were developed across 7 domains of AMI care and are 

provided here with their collection specifications.  

 

7.2 Publication status: 

• Published 07 February 2021 

• European Heart Journal. Acute Cardiovascular Care, Volume 10, Issue 2, February 

2021, Pages 224–233, https://doi.org/10.1093/ehjacc/zuaa037 

 

7.3 Abstract  

7.3.1 Aims  

Quality indicators (QIs) are tools to improve the delivery of evidence-base medicine. In 2017, 

the European Society of Cardiology (ESC) Association for Acute Cardiovascular Care 

(ACVC) developed a set of QIs for acute myocardial infarction (AMI), which have been 
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evaluated at national and international levels and across different populations. However, an 

update of these QIs is needed in light of the accumulated experience and the changes in the 

supporting evidence.  

 

7.3.2 Methods and results  

The ESC methodology for the QI development was used to update the 2017 ACVC QIs. We 

identified key domains of AMI care, conducted a literature review, developed a list of 

candidate QIs, and used a modified Delphi method to select the final set of indicators. The 

same seven domains of AMI care identified by the 2017 Study Group were retained for this 

update. For each domain, main and secondary QIs were developed reflecting the essential and 

complementary aspects of care, respectively. Overall, 26 QIs are proposed in this document, 

compared to 20 in the 2017 set. New QIs are proposed in this document (e.g. the centre use of 

high-sensitivity troponin), some were retained or modified (e.g. the in-hospital risk 

assessment), and others were retired in accordance with the changes in evidence [e.g. the 

proportion of patients with non-ST segment elevation myocardial infarction (NSTEMI) 

treated with fondaparinux] and the feasibility assessments (e.g. the proportion of patients 

with NSTEMI whom risk assessment is performed using the GRACE and CRUSADE risk 

scores).  

 

7.3.3 Conclusion  

Updated QIs for the management of AMI were developed according to contemporary 

knowledge and accumulated experience. These QIs may be applied to evaluate and improve 

the quality of AMI care. 

 

7.3.4 Keywords 

Quality indicators, Quality improvement, Myocardial infarction 
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7.4 Backgrounds  

Assessing the quality of care has become mandatory in many healthcare systems and is an 

intrinsic component of quality improvement. In 2017, the European Society of Cardiology 

(ESC) Association for Acute Cardiovascular Care (ACVC) published a position paper 

defining quality indicators (QIs) for acute myocardial infarction (AMI)1 with the aim of 

supporting quality improvement, and based on the assumption that rigorous measurement is 

fundamental. This was the first QI initiative undertaken within the ESC by one of its 

constituent associations, concordant with the mission statement of the ACVC to ‘improve the 

quality of care of patients with acute cardiovascular disease’. The ACVC Study Group on QIs 

decided that QIs should not only reflect high-grade recommendations in ESC guidelines but 

also should consider the domains of care for which there is potential room for improvement, 

and where measurement can be performed using existing registries or databases. As a result, 

the ACVC QIs covered seven domains of care, including centre organization, 

reperfusion/invasive strategies, risk assessment, antithrombotic selection, secondary 

prevention, and patient experience. Lastly, two composite indicators and one outcome were 

defined. 

 

7.5 Objectives   

The 2017 ESC ACVC QIs were used to support quality assessment and improvement at 

national2–7 and international levels,8 and across different populations.9 Various studies 

evaluating the ESC ACVC QIs using existing registries have shown that most QIs can be 

captured, and, thus can guide the development of future cardiovascular registries.10 In 

addition, the ESC ACVC QIs identified gaps in care delivery within and between countries, 

highlighting missed opportunities to improve clinical outcomes.2,3,5,9 

Three years after the publication of the initial set of QIs, the ACVC study group on QI 

considered that an update was timely, because the ESC has updated its Clinical Practice 

Guidelines for the management of patients with AMI (with and without ST-segment 

elevation), and published the methodology by which the ESC QIs should be 

developed.11 Hence, the QI update was driven by the experience accumulated from 

assessment of previous QIs in existing registries (Supplementary material online, Table S1), 
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the ESC methodology for QI development11 as well as other methodologies,12,13 and to ensure 

the validity of the measurements.14 

 

7.6 Methods  

The 2017 ESC ACVC QIs were updated using the RAND/University of California–Los 

Angeles (UCLA) appropriateness method,15,16 which is recommended by the ESC 

methodology for QI development,11 and combines best scientific evidence with the collective 

judgement of experts using the modified Delphi process.17 

 

7.7 The 2020 ESC ACVC QIs for AMI 

The seven domains of AMI care identified by the 2017 Study Group were retained. The list 

of the main and secondary QIs for each domain are presented in Figure 1 and Supplementary 

material online, Table S2, with the definitions of numerators and denominators, and the 

corresponding ESC guidelines recommendations. 

 

Main and secondary Quality Indicators for each domain. Timely reperfusion is defined as 

time from ST-segment elevation myocardial infarction diagnosis to (i) infarct-related artery 

wire crossing: <60 min for patients presenting at a primary percutaneous coronary 

intervention hospital, or (ii) <90 min for patients diagnosed either in a non-percutaneous 

coronary intervention hospital or in the out-of-hospital setting, or (iii) injection of the bolus 

of fibrinolysis <10 min for patients reperfused with fibrinolysis. 
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Figure 1. Main and secondary Quality Indicators for each domain.  

 
 

Timely reperfusion is defined as time from ST-segment elevation myocardial infarction 

diagnosis to (i) infarct-related artery wire crossing: <60 min for patients presenting at a 

primary percutaneous coronary intervention hospital, or (ii) <90 min for patients diagnosed 

either in a non-percutaneous coronary intervention hospital or in the out-of-hospital setting, 

or (iii) injection of the bolus of fibrinolysis <10 min for patients reperfused with fibrinolysis. 

 

7.7.1 Domain 1: centre organization 

7.7.1.1 Network organization 

7.7.1.1.1 Clinical relevance 
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In the setting of acute coronary syndrome (ACS), a network organization has a beneficial 

impact through the availability of different capacities, such as the use of a single telephone 

emergency number, early identification of ACS, transportation with ambulances with basic or 

advanced life support capability, direct access to catheterization laboratory, and delivery of 

care following written protocols.18 This organization facilitates the selection of the 

appropriate reperfusion strategy, and reduces times to reperfusion in ST-segment elevation 

myocardial infarction (STEMI) patients.19–21 Furthermore, local, regional, or national written 

protocols can help to reduce delays, reduce variations in the quality of care,22 and improve 

the quality of secondary prevention in post-discharge settings.23 

 

7.7.1.1.2 Specific aspects for selection 

Two QIs are related to participation in a regional network: the main QI (1) as a measure of 

network organization for the management of ACS, including written protocols; and the 

assessment of essential components of effective systems of STEMI care.18 Similar QIs were 

already included in the 2017 ACVC QI list, are supported by class IC recommendations and 

also feature in the list of QIs in the 2017 STEMI24 and 2020 non-ST segment elevation ACS 

(NSTE-ACS) ESC guidelines.25 

 

7.7.1.2 Availability of high-sensitivity troponin assay 

7.7.1.2.1 Clinical relevance 

Cardiac troponin (cTn) elevation is a key diagnostic and prognostic feature in NSTE-ACS. 

Only ‘high-sensitivity’ cardiac troponin (hs-cTn) assays have imprecision of <10% at the 

99th percentile of the upper reference limit and have the ability to quantify cTn levels in 

>50% of apparently healthy individuals. Data have shown that more sensitive cardiac 

troponin assays, such as hs-troponin assay increase diagnostic accuracy with greater and 

more rapid ability to ‘rule-in’ or ‘rule-out’ myocardial infarction.26 

 

7.7.1.2.2 Specific aspects for selection 
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Main QI (2) relates to the availability of hs-cTn assay measured at centre level. The use of 

hs-cTn over less sensitive assays is recommended by guidelines.25 This QI is also included in 

the QIs list of the 2020 ESC Guidelines for NSTE-ACS.25 

 

7.7.1.3 Pre-hospital interpretation of Electrocardiogram (ECG) 

7.7.1.3.1 Clinical relevance 

Timely diagnosis for patients with STEMI is determinant for clinical outcomes. The ESC 

guidelines for STEMI recommend acquiring and interpreting a 12-lead ECG as soon as 

possible following first medical contact (FMC) to facilitate early diagnosis and risk 

stratification.23,24 

 

7.7.1.3.2 Specific aspects for selection 

Main QI (3) captures the availability of systems of care in which STEMI diagnosis can be 

performed in the pre-hospital settings, with the initiation of appropriate treatment pathways. 

 

7.7.1.4 Participation in a regular registry or quality assessment 

programme 

7.7.1.4.1 Clinical relevance 

Participation in a registry for quality assessment improves adherence to guidelines.27 Major 

improvements in hospital performance and mortality rates have been reported over short 

periods of time, narrowing the gap between the quality of care delivered between 

hospitals28,29 and the association between the participation in a quality programme for timely 

reperfusion therapy and clinical improvement has been shown.23 In addition, the assessment 

of reperfusion times for STEMI patients is an important and measurable component of 

STEMI care. 

 

7.7.1.4.2 Specific aspects for selection 
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The two secondary QIs cover the quality improvement programme: participation in a regular 

registry, and regular monitoring of times to reperfusion. These QIs were already included in 

the 2017 ESC STEMI guidelines.24 

 

7.7.2 Domain 2: invasive strategy 

7.7.2.1 Reperfusion for ST segment elevation myocardial infarction 

patients 

7.7.2.1.1 Clinical relevance 

Reperfusion therapy should be administered to all eligible patients presenting with STEMI. 

Primary percutaneous coronary intervention (PCI) is the preferred option, provided it can be 

performed expeditiously. Based on considerable evidence, the ESC guidelines recommend 

time targets for reperfusion therapy based on the strategy used and the initial healthcare 

facility to which the STEMI patient was admitted. As such, time from STEMI diagnosis to 

wire crossing is recommended to be <60 min for patients presenting at a primary PCI 

hospital, whereas it should be <90 min for patients diagnosed either in a non-PCI hospital or 

in the out-of-hospital setting. For patients treated by fibrinolysis, the recommended time 

between STEMI diagnosis and initiation of fibrinolysis is <10 min.24 

 

7.7.2.1.2 Specific aspects for selection 

Both reperfusion and time to reperfusion have been used as key indicators of quality in 

patients with STEMI in most sets of QIs or performance measures (PMs).1,30,31 Main QI (1) 

assesses the proportion of patients with STEMI admitted within 12 h of the onset of 

symptoms and treated with reperfusion (irrespective of the timing). Main QI (2) assesses 

‘timely’ reperfusion, defined for reperfusion strategy, by primary PCI or fibrinolysis.32 The 

time targets correspond to those recommended by the ESC Guidelines.24 From a practical 

viewpoint, the measure of the proportion of patients with STEMI reperfused among those 

eligible has been measured in all publications reporting ESC-ACVC QIs assessment and 

ranged from 57% to 98%. 
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7.7.2.2 Early invasive strategy in non-ST segment elevation myocardial 

infarction patients 

7.7.2.2.1 Clinical relevance 

Patients with non-ST segment elevation myocardial infarction (NSTEMI) are on the spectrum 

of high-risk NSTE-ACS and, therefore, eligible for an invasive approach. The benefit of a 

routine over a selective invasive approach has been shown in high-risk patients and the 

timing of the strategy is split into immediate (for patients with very high-risk features such as 

persistent chest pain), early (<24 h after admission for patients with high-risk features, 

including those with diagnosis of NSTEMI) or <72 h. 

 

7.7.2.2.2 Specific aspects for selection 

Main QI (3) measures the use of an early invasive strategy and is therefore suitable for use in 

patients with NSTEMI. Compared with the previous QI list, the timing has been set at <24 h 

(instead of <72 h), in line with the ESC Guidelines.25,33 

 

7.7.2.3 The use of radial access 

7.7.2.3.1 Clinical relevance 

The use of radial access is a new QI in this domain. It is justified by the reduction in bleeding 

and vascular complications achieved with the radial approach,34,35 especially in ACS.36 

 

7.7.2.3.2 Specific aspects for selection 

This new QI is likely to be easy to assess and will be applicable in the majority of patients, 

both STEMI and NSTE-ACS. Supported by ESC Guidelines, the ‘radial-first strategy’ has 

been referred to as ‘best practice’ in a position paper from the American Heart Association 

(AHA).37 
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7.7.3 Domain 3: in-hospital risk assessment 

7.7.3.1 Assessment of left ventricular ejection fraction 

7.7.3.1.1 Clinical relevance 

Left ventricular ejection fraction (LVEF) assessment is important for both prognostic and 

therapeutic reasons. 

 

7.7.3.1.2 Specific aspects for selection 

This QI was already in the previous ESC ACVC QIs set. 

 

7.7.3.2 Assessment of LDL-cholesterol 

7.7.3.2.1 Clinical relevance 

LDL-cholesterol (LDL-c) is considered a causal factor for atherosclerosis.38 Early and intense 

reduction of LDL-c as soon as possible after admission has been shown to be effective. The 

utility of LDL-c assessment is therefore not for the prescription of statins, but rather to have 

an initial reference value (called ‘baseline’, i.e. without the effect of LDL-C lowering 

therapy) and to estimate the potential likelihood of reaching the 2019 ESC guidelines 

target,39 with a view to using additional therapies such as the combination with ezetimibe40 or 

the early (within 4–6 weeks after discharge) introduction of a proprotein convertase 

subtilisin–kexin type 9 (PCSK9) inhibitor.39 

 

7.7.3.2.2 Specific aspects for selection 

This QI is new and applicable in all patients. 

 

7.7.3.3 Risk assessment using a validated score 
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7.7.3.3.1 Clinical relevance 

Patient stratification using validated scores is important, both for ischaemic and 

haemorrhagic risks. Thus, the use of a validated risk score is recommended by the ESC 

Guidelines (Class IA) for prognosis. 

 

7.7.3.3.2 Specific aspects for selection 

In the 2017 ESC ACVC QIs, two specific validated scores were included as independent QIs 

(i.e. the GRACE risk score for ischaemic risk, and the CRUSADE score for haemorrhagic 

risk). The Study Group decided to retire the specification of the tool used, but to keep the 

recommendation to perform risk assessment using a validated method. 

 

7.7.4 Domain 4: antithrombotic treatment during hospitalization 

7.7.4.1 Proportion of patients with ‘adequate P2Y12 inhibition’ 

7.7.4.1.1 Clinical relevance 

In patients with AMI, dual antiplatelet therapy (DAPT) is recommended as soon as possible 

when ACS is suspected. Among patients eligible for DAPT, the choice between clopidogrel, 

prasugrel, and ticagrelor is mainly driven by the results of randomized studies comparing 

clopidogrel to prasugrel41,42 and to ticagrelor,43,44 and the bleeding risk. ‘Adequate 

P2Y12 inhibition’ is defined as the appropriate selection of the P2Y12 inhibitor in accordance 

with the 2020 ESC Guidelines: 

• the use of ticagrelor in patients without a contraindication (e.g. previous haemorrhagic 

stroke, high bleeding risk, treatment with fibrinolysis, or concomitant use of oral 

anticoagulation). 

• the use of prasugrel in PCI-treated AMI patients without previous haemorrhagic or 

ischaemic stroke, high bleeding risk (patients ⩾ 75 years of age and/or with body 

weight < 60 kg), fibrinolysis or oral anticoagulation 

• the use of clopidogrel when there is no indication for prasugrel or ticagrelor. 
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7.7.4.1.2 Specific aspects for selection 

Given the importance of selecting the most appropriate P2Y12 inhibitor in patients with 

coronary artery disease (i.e. tailored to the patient’s ischaemic and bleeding risks), a Task 

Force of the ESC and European Association for Cardio-Thoracic Surgery published a focused 

update on DAPT,45 in line with the STEMI and NSTE-ACS Guidelines, all supporting the 

concept of ‘adequate P2Y12 inhibition’. This QI already featured in the previous ACVC QIs 

set, and is included in the list of QIs of the 2020 ESC Guidelines for NSTE-ACS. Experience 

with the assessment of the ACVC QIs shows that this QI may be measured from many, but 

not all, existing registries, depending on the quality of the variables recorded (Supplementary 

material online, Table S1). 

 

7.7.4.2 Parenteral anticoagulant at (or before) admission 

7.7.4.2.1 Clinical relevance 

Parenteral anticoagulation is recommended in AMI from the time of diagnosis up to PCI 

unless otherwise indicated. Different anticoagulant agents (unfractionated heparin, 

enoxaparin, fondaparinux, or bivalirudin) may be used in this setting. Parenteral 

anticoagulation is recommended for all patients, in addition to antiplatelet therapy, at the time 

of diagnosis. 

 

7.7.4.2.2 Specific aspects for selection 

This QI replaces the previous QI relating to fondaparinux because the ESC Guidelines no 

longer express a strong preference for any particular drug. 

 

7.7.4.3 Patients discharged on dual antiplatelet therapy 

7.7.4.3.1 Clinical relevance 
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The need for DAPT is a cornerstone of AMI management at the time of hospital admission 

and discharge, unless the patient is deemed to be at high bleeding risk.45 

 

7.7.4.3.2 Specific aspects for selection 

This QI is a complement to main QI (1), with the particular interest of being more 

straightforward, easier to assess, and including the prescription of aspirin. Contrary to 

‘adequate P2Y12 inhibition’, this QI is reported in all published assessments. Notably, 

patients treated with oral anticoagulation are excluded because several alternative strategies 

are available, including some without aspirin. 

 

7.7.4.4 Mention the duration of dual antiplatelet therapy in the discharge 

letter 

7.7.4.4.1 Clinical relevance 

Although the standard duration of DAPT after AMI is 12 months, it must be determined 

according to the patient’s risk and ischaemic profile, and may range from 1 to 

48 months.45 At discharge, a shortening or prolongation of the DAPT duration may be 

proposed according to specific tools, depending on the patient’s characteristics, coronary 

anatomy, the extent of coronary artery disease, or PCI procedure. 

 

7.7.4.4.2 Specific aspects for selection 

Poor quality discharge letters represent a deficit in communication between hospital 

specialists and primary care physicians.46 The post-AMI discharge document is a crucial 

element to ensuring transmission of medical information to the corresponding physician or 

the patient, including the ischaemic and haemorragic risk as perceived during the acute 

hospitalization. Standardization of the discharge document, including insights about the type 

and duration of the anti-thrombotic treatment has been highlighted by the recent ESC 

guidelines25 and its routine application has been accepted by a national group in France.47 
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7.7.5 Domain 5: secondary prevention discharge treatments 

After AMI, patients remain at very high-risk and secondary prevention treatment is crucial 

for reducing mortality and further cardiovascular events. The QIs in this domain cover the 

prescription of three therapeutic classes, in addition to the anti-thrombotic treatment. 

 

7.7.5.1 High-intensity statins 

7.7.5.1.1 Clinical relevance 

Statins are fundamental to the treatment of atherosclerosis. In the setting of AMI, high 

intensity statins are safe and provide better prevention as compared to moderate 

intensity,48 irrespective of admission LDL-c. Despite the body of evidence regarding the 

beneficial effects of lowering LDL-c38 by statins (alone or in combination with ezetimibe or 

PCSK9 inhibitors), their use in current registries remains sub-optimal and the proportion of 

patients at LDL-c target is low: 32% in men and 23% in women in the EuroAspire V 

registry.49 

 

7.7.5.1.2 Specific aspects for the selection 

This QI was already in the 2017 ESC-ACVC list. Experience of assessment suggests that this 

QI cannot be assessed from some registries, because the type and dose of statins prescribed at 

discharge were not recorded. In addition, it is likely that intolerance to high-intensity statins 

was also not recorded. In registries reporting this QI, the rate of prescription of statins (any 

intensity) is high, but at high intensity in only about half of the patients.49 

 

7.7.5.2 Patients with left ventricular ejection fraction <40% who are 

discharged from hospital on angiotensin-converting enzyme 
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inhibitors (or angiotensin receptor antagonists if intolerant of 

ACEI) 

7.7.5.2.1 Clinical relevance 

Angiotensin-converting enzyme inhibitors (ACEIs) improve survival in patients with 

impaired LV systolic function, defined by an LVEF <40%. Initiation of ACEI [or angiotensin 

receptor antagonists (ARBs) in patients intolerant to ACEI] and prescription at the time of 

hospital discharge is beneficial among patients with an LVEF <40%. 

7.7.5.2.2 Specific aspects for the selection 

This QI was already in the 2017 ESC ACVC list, supported by a Class IIA recommendation. 

In practice, the proportion of patients with LVEF ≤40% is 15–20% in current registries; 

therefore, the QI applies only to a subset of high-risk patients. 

 

7.7.5.3 Patients with left ventricular ejection fraction <40% who are 

discharged from hospital on beta-blockers 

7.7.5.3.1 Clinical relevance 

Beta-blockers remain a standard of care following AMI, however, the evidence was based on 

studies performed before the era of reperfusion.50 In a recent large-scale observational study, 

a benefit with beta-blockade in post-AMI patients was shown, but only among patients with 

LV dysfunction.51 

 

7.7.5.3.2 Specific aspects for the selection 

This QI was already in the 2017 ESC-ACVC list. The exact type of beta-blocker indicated for 

patients with LV systolic dysfunction was not specified for the QI, given the complexity of 

the measure. 
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7.7.6 Domain 6: patient satisfaction 

7.7.6.1 Feedback regarding the patient’s experience and systematic 

assessment of health-related quality of life 

7.7.6.1.1 Clinical relevance 

The concept of ‘patient-centred care’ is based on focusing care on the patient rather than on 

the disease. In this approach, patients are actively involved in their own care, congruent with 

the principle of shared-decision making. Patient-reported outcomes (PRO, which can be seen 

as an assessment of the perceived level of impairment, disability, and quality of life) and 

patient-reported experience (PRE, which gather information on the care)52 can be considered 

as QIs. To this end, PRO and PRE can be measured through patient satisfaction 

questionnaires.53 In the setting of AMI, patient satisfaction PRO and PRE are associated with 

other indices of quality of care.54,55 

 

7.7.6.1.2 Specific aspects for selection 

This QI was already included in the 2017 ESC-ACVC QI list, but only partial assessment has 

been reported, except for ‘referral to rehabilitation programmes’ and ‘pain control’. The use 

of a health-related quality of life questionnaire at discharge is reported in the long-tErm 

follow-up of antithrombotic management patterns In acute CORonary syndrome patients 

(EPICOR) and the Evaluation of the Methods and Management of Acute Coronary Events 

(EMMACE)-3 and -4 registries.8 The Study Group has defined the main QI as a 4-item 

composite indicator including referral to a rehabilitation programme, patient information 

about the disease, treatment, and pain control. The secondary QI is the assessment of the 

health-related quality of life in all patients using a validated instrument. 

 

7.7.6.2 Discharge letter sent to the patient 

7.7.6.2.1 Clinical relevance 
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Copying the hospital discharge letter to the patient is an essential part of communication. The 

UK Academy of Medical Royal Colleges has published guidance on this topic, considering 

that excellent written communication is essential to good quality of care and that the letter 

would be better addressed to the patient and not to the corresponding physician (‘Write to, 

not about’).56 This practice of writing to the patient, compared with writing to the clinician, 

increases patient satisfaction, improves both the doctor-patient relationship and trust, and 

reduces anxiety.57 

7.7.6.2.2 Specific aspects for selection 

To date, no similar QI or PM has been defined, but it appears to be feasible even if this 

currently remains undetermined. 

 

7.7.7 Domain 7: outcome and composite quality indicator 

7.7.7.1 Outcomes quality indicator 

Thirty-day mortality rate adjusted for a validated risk score is unchanged. 

 

7.7.7.1.1 Clinical relevance 

All-cause mortality is a self-evident assessment of quality of care and the most easily 

interpretable, objective and unambiguous indicator. While the accuracy of mortality as a 

direct measure of quality of care is controversial,58 the association between the ESC ACVC 

composite QI and the risk-adjusted outcomes is important. 

 

7.7.7.1.2 Specific aspects for the selection 

All-cause mortality is easy to assess and this measure provides essential information at broad-

level (i.e. region-, country-, or continent-levels). At centre-level, the interpretation may be 

more challenging and less generalizable, depending on the size of the denominator. 
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7.7.7.2 Composite quality indicator 

Composite quality indicators (CQIs) summarize information from different domains into a 

single measure. Thus, it is possible to expand the scope of the measure by including a broad 

range of individual indicators, to provide a single metric that enables temporal comparisons, 

classification of centres, and demonstration of the association between the CQI and 

outcomes, a way of reassuring clinicians about the validity of process instead of clinical 

outcome assessment.13 

 

7.7.7.2.1 Clinical relevance 

By reducing the information from all domains into a single CQI, the areas for specific 

improvement may be obscured. Among the different types of composites, the opportunity-

based and the all-or-none are the most frequently recommended for the quality of care 

assessment.59,60 Since the two methods, while associated,61 provide different approaches, both 

types of CQI have been maintained in the updated version. The main CQI is an opportunity-

based score, where all domains are represented and have the same weight (except in patients 

with LVEF ≤40% in whom two additional items are required, giving more weight to the 

secondary prevention domain). This design has the advantage of increasing the number of 

items, which may vary according to the patient characteristics and the database used. The 

secondary CQI has an all-or-none design with only three individual QIs, but all three are 

deemed clinically relevant: the timely reperfusion or invasive strategy, the prescription of the 

‘appropriate’ P2Y12 inhibition and high-intensity statins. With this CQI, only patients who 

received all three processes are considered as a success and therefore, this method best 

reflects the patient’s interest and tracks excellence. 

 

7.7.7.2.2 Specific aspects for the selection 

In the previous experience of assessment of the 2017 ESC ACVC QIs, the opportunity-based 

CQI was reported in most cases and, after transformation into categories, was associated with 
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mortality.2,3,5,7,8 The Study Group decided that the opportunity-based CQI should contain one 

item per domain, namely the most adequate to capture quality, despite the challenges for 

assessment, and considering that this was more an issue related to the design of current 

registries than the definition of the CQI. 

 

7.8 Comparison with previous quality metrics definitions and future developments 

The comparison of QI selection between the ESC ACVC 2020 and ESC-ACCA 2017, the 

American College of Cardiology (ACC) and AHA 201762 and Canadian Cardiovascular 

Society (CCS) 2008 is presented in Table 1. 

 

Table 1. Quality metrics selected by ESC-ACVC 2020, ESC ACCA 2017, ACC/AHA 2017, 

and CCS 2008 

Domain Indicators ACC

A 

2020 

ACC

A 

2017 

ACC/ 

AHA 

CCS 

2008 

Center 

organization 

Network     

Availability hs-Tn     

Pre-hospital interpretation of ECG     

Registry/quality programme     

Assessment times for reperfusion     

Reperfusion – 

invasive 

coronary  

strategy 

STEMI with reperfusion     

Timely reperfusion by PCI     

Time for fibrinolytic therapy     

Door to needle time     

Door in Door out time     

Time to PCI transferred patient     

Invasive strategy <24h     

Radial access     

FMC to arterial access (STEMI)     
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Risk  

assessment 

LVEF assessment     

LDL-c assessment     

Risk assessment with a score     

Antithromboti

cs 

Adequate P2Y12     

Aspirin admission     

Parenteral anticoagulation     

DAPT at discharge     

Mention about DAPT duration     

Secondary 

Prevention 

High intensity statins     

Aspirin discharge     

ACEI/ARB if LVEF≤0.40     

Aldosterone antagonist at discharge     

Beta-blockers if LVEF≤0.40     

Patient 

satisfaction 

Feedback     

Cardiac rehabilitation     

Smoking cessation advice     

Quality of life     

Discharge letter     

Cardiac arrest Immediate angiography     

Hypothermia     

Composite 

Indicator 

Opportunity-based     

All or none     

Outcomes 30 day adjusted mortality     

In bold, the Main QIs in 2020. Green indicates quality metric with comparable definition to 

ESC ACVC 2020; in orange, quality metric selected items with a different definition, in white, 

no corresponding quality metric. In red, withdrawn indicators 

 

• Centre organization: compared to the 2017 selection, the QI on availability of hs-cTn 

in the centre is new. 

• Reperfusion/invasive strategy: the number of QIs has been reduced and the indicators 

related to the time for reperfusion have been aligned with the 2017 ESC GL and 
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simplified as compared to the 2017 definition. As compared to the ACC/AHA 

measure set, the starting time is the initial diagnosis of STEMI (vs. first medical 

contact for ACC/AHA) and the thresholds are different: <60 min to wire crossing the 

lesion for patients presenting at a primary PCI hospital, or <90 min for patients 

diagnosed either in a non-PCI hospital or in the out-of-hospital setting who were then 

transferred to a PCI-capable centre, and <10 min in case of reperfusion with 

fibrinolysis. The radial access QI is new and has not been presented in other 

selections. The reduction of the time to invasive approach to 24 h in NSTEMI is in 

line with comparable PM from the ACC/AHA. 

• Risk assessment: the main change is the simplification of the overall risk assessment, 

without specifying specific risk scores. The assessment of LDL-c has been added as a 

Main QI. The ESC Guidelines recommend this measure because available evidence 

supports the addition of ezetimibe and PCSK9 inhibitors on top of high-intensity 

statins in selected patients. 

• Antithrombotic treatment during hospitalization: the prescription of ‘adequate 

P2Y12 inhibition’, already in the 2017 list, has been confirmed, despite the complexity 

of the assessment. The selection of an ‘adequate’ P2Y12 inhibitor is also in the 

ACC/AHA PM list with two different definitions, both focusing on the safety side, 

without considering the potential benefit of using a more potent P2Y12 inhibitor in 

eligible patients. The use of fondaparinux (for NSTE-ACS in the ACVC 2017 

selection) has been replaced by the use of a parenteral agent at admission. The 

mention of the duration of DAPT in the discharge letter is a new indicator, never seen 

in previous selections. As in 2017, aspirin at admission and at discharge are not 

included in the list of QIs, reflecting the fact that although this treatment is of 

paramount importance, the Study Group considers it to be widely applied, with 

limited room for improvement.30 

• Secondary prevention: there has been no change to this section, compared to the 2017 

selection. The prescription of high-intensity statins at discharge was also adopted by 

ACC/AHA, while aspirin at discharge (and at admission) is considered to be ‘topped 

out’ and not included in the ESC ACVC list. 

• Patient satisfaction: with the exception of cardiac rehabilitation, no comparable 

indicators have been defined by the ACC/AHA or CCS. The Study Group consider 

these QI to be important, and there is a compelling need to include the necessary 

variables in future registries to render assessment possible. 
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• Mortality: risk-adjusted 30-day all-cause mortality has been maintained in the 

updated QI list, despite significant limitations for interpretation. In contrast, no 

outcome measure has been selected by ACC/AHA, because the outcomes are only 

partially dependent on the quality of care, risk adjustment is challenging and, used as 

PM and not a QI, inclusion of outcome measures could have potentially negative 

consequences.12 

 

7.9 Perspectives 

The first set of QIs was developed to improve quality through self-assessment. This has been 

possible in different countries, not carried out by health agencies or insurance companies, but 

by cardiologists themselves at low cost through existing registries. To facilitate such use of 

QIs, the Study Group considered the results of these assessments in revising the QIs. Thus, 

some QIs that were found to be challenging to report have been retired or modified. 

Conversely, despite not being measured in all registries, certain QIs have been maintained, 

considering that they capture important aspects of quality care. The next step will be the 

standardization of the main registries in Europe in order to include the specific variables 

needed for quality assessment according to the revised set of QIs. In most existing registries 

and surveys, this would correspond to the addition of a limited number of variables, which 

should be reliable and straightforward to assess. 
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Chapter 8. Quality of acute myocardial infarction care in England and Wales during 

the COVID-19 pandemic: linked nationwide cohort study 

 

Suleman Aktaa, Mohammad E Yadegarfar, Jianhua Wu, Muhammad Rashid, Mark de 

Belder, John Deanfield, Francois Schiele, Mark Minchin, Mamas Mamas, Chris P Gale 

 

8.1 Summary about the publication: 

• This analysis has been performed using the quality indicators developed in Chapter 7 

to assess the quality of acute myocardial infarction (AMI) on a national level in 

England and Wales.  

• Data from the national cardiovascular registries for AMI and percutaneous coronary 

intervention were linked and the quality indicators were used a measurement of care 

quality during compared with before the COVID-19 pandemic.  

• The study found a modest improvement in the quality of AMI care during the 

COVID-19 pandemic.  

 

8.2 Publication status: 

• Published 21 June 2021 

• BMJ Qual Saf. 2021 Jun : bmjqs-2021-013040. 

 

8.3 Abstract  

8.3.1 Background and objective  

The impact of the COVID-19 pandemic on the quality of care for patients with acute 

myocardial infarction (AMI) is uncertain. We aimed to compare quality of AMI care in 

England and Wales during and before the COVID-19 pandemic using the 2020 European 

Society of Cardiology Association for Acute Cardiovascular Care quality indicators (QIs) for 

AMI.  
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8.3.2 Methods  

Cohort study of linked data from the AMI and the percutaneous coronary intervention 

registries in England and Wales between 1 January 2017 and 27 May 2020 (representing 236 

743 patients from 186 hospitals). At the patient level, the likelihood of attainment for each QI 

compared with pre COVID-19 was calculated using logistic regression. The date of the first 

national lockdown in England and Wales (23 March 2020) was chosen for time series 

comparisons.  

 

8.3.3 Results  

There were 10 749 admissions with AMI after 23 March 2020. Compared with before the 

lockdown, patients admitted with AMI during the first wave had similar age (mean 68.0 vs 

69.0 years), with no major differences in baseline characteristics (history of diabetes (25% vs 

26%), renal failure (6.4% vs 6.9%), heart failure (5.8% vs 6.4%) and previous myocardial 

infarction (22.9% vs 23.7%)), and less frequently had high Global Registry of Acute 

Coronary Events risk scores (43.6% vs 48.6%). There was an improvement in attainment for 

10 (62.5%) of the 16 measured QIs including a composite QI (43.8% to 45.2%, OR 1.06, 

95% CI 1.02 to 1.10) during, compared with before, the lockdown.  

 

8.3.4 Conclusion  

During the first wave of the COVID-19 pandemic in England and Wales, quality of care for 

AMI as measured against international standards did not worsen, but improved modestly.  

8.3.5 Keywords: COVID-19, quality improvement, performance measures 

 

8.4 Introduction  
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The COVID-19 pandemic has impacted on the structure and organisation of services 

delivered through the National Health Service (NHS) with knock-on effects on the 

management of a number of acute cardiovascular conditions including acute myocardial 

infarction (AMI) in the UK.1–4 For patients admitted to hospital with AMI, guideline-

indicated therapies such as invasive coronary angiography, timely reperfusion and secondary 

prevention medications improve survival,5 and professional organisations in the UK 

recommended the perpetuation of these therapies during the pandemic.6 7 Yet, an earlier 

study found an increase in 30-day mortality and a reduction in the proportion of invasive 

coronary angiography during the national lockdown for patients with non-ST segment 

elevation myocardial infarction (NSTEMI).8 There has been, however, no comprehensive 

evaluation of the quality of AMI care during the first national lockdown and no study has 

used recognised standards for such an investigation. 

 

Quality indicators (QIs) have been increasingly used as a mechanism to measure broad 

aspects of care,9 identify unwanted variation10 11 and drive quality improvement.12 For 

AMI, a suite of QIs exist which are valid,13 internationally recognised14 and have built on 

earlier indicators that have an inverse association with mortality.15–19 We used the UK 

national cardiovascular registries to investigate the quality of AMI care according to these 

indicators during the first national lockdown in the COVID-19 pandemic. This may help 

understand changes in the processes of AMI care during the time of national crisis and 

identify areas for improvement. 

 

8.5 Methods  

8.5.1 Data and population 

We used linked data from the UK national AMI and percutaneous coronary intervention 

(PCI) registries, namely the Myocardial Ischaemia National Audit Project (MINAP)20 

21 and the National Audit of Percutaneous Coronary Intervention (NAPCI), championed by 

the British Cardiovascular Intervention Society.22 MINAP and NAPCI registries have been 

described previously.20 23 The National Institute for Cardiovascular Outcomes Research 
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(NICOR), commissioned through the Healthcare Quality Improvement Partnership, manages 

MINAP, NAPCI and other registries. 

 

NICOR has support under section 251 of the NHS Act 2006 (Ref: NIGB: ECC 1-06 

(d)/2011) to use patient information for medical research without consent. Thus, ethical 

approval was not required under NHS research governance arrangements. We conducted our 

study in compliance with the Declaration of Helsinki using the MINAP and NAPCI 

databases. 

 

8.5.2 Sample selection 

We included all adult patients (⩾18 years of age), discharged alive with ST-segment 

elevation myocardial infarction (STEMI) or NSTEMI from MINAP between 1 January 2017 

and 27 May 2020. Data related to PCI were obtained from the NAPCI registry using each 

patient’s unique NHS number to deterministically link patients between the two registries. 

Where multiple admissions for the same patient were recorded, the earlier admission was 

used to reduce potential bias from previous treatments. Patients with no valid NHS number 

were excluded. 

 

8.5.3 Quality indicators 

We used the 2020 European Society of Cardiology (ESC) Association for Acute 

Cardiovascular Care (ACVC) QIs for AMI, which comprise 26 indicators. The eligibility 

criteria for each QI was determined according to the specifications provided in the ESC 

ACVC document.14 

 

8.5.4 Outcomes 

The outcome was quality of AMI care. Care quality was quantified according to the degree to 

which eligible patients received the care outlined in the QIs prior to, compared with after, 23 
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March 2020 (up to 27 May 2020). This date was chosen for the time series comparison 

because it corresponded with the first national lockdown in England and Wales. 

 

8.5.5 Statistical analysis 

Patient baseline characteristics, comorbidities and treatments were reported according to the 

study period and type of AMI as percentages and numbers for categorical variables, means 

and SDs for parametric continuous variables, and medians and IQRs for non-parametric 

variables. Baseline differences between each diagnosis were tested using χ2 test for 

categorical variables, t-test for continuous parametric and the Mann-Whitney U test for non-

parametric variables. At the patient level, the likelihood of attainment for each QI compared 

with that before the COVID-19 pandemic was estimated using logistic regression. 

 

All analyses were performed on complete cases. All tests were two-sided, and statistical 

significance was considered as p value <0.05. Statistical analyses were performed in Stata IC 

V.14.2 and R V.3.4.3. 

 

8.6 Results  

8.6.1 Study population 

Data for 236 743 patients admitted with AMI to one of 186 NHS hospitals were included. Of 

those, 152 109 (64.3%) patients had NSTEMI, and the median age was 69.0 (58–79) years 

with 75 918 (32.2%) patients being women. The cohort following lockdown (10 749) were 

compared with the period chosen before lockdown (225 994). Table 1 shows the 

demographics, comorbidities, in-hospital treatment and discharge details according to the 

study period. Data are presented according to the type of AMI in online supplemental table 1. 

Compared with before the lockdown, patients admitted with AMI during the first wave had 

similar age (mean 68.0 vs 69.0 years), similar baseline characteristics (history of diabetes 

(25% vs 26%), renal failure (6.4% vs 6.9%), heart failure (5.8% vs 6.4%) and previous 

myocardial infarction (22.9% vs 23.7%)) and less frequently had high Global Registry of 

Acute Coronary Events (GRACE) risk scores (43.6% vs 48.6%) (table 1). 
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Table 1. Baseline characteristics for patients with AMI, by AMI type 

 
STEMI NSTEMI AMI Missing 

Data % 

(n) 

Patients, n 84,634 152,109 236,743 
 

Hospitals, n 183 186 186 
 

Demographics  

Female, % (n) 27.9 (23,484) 34.5 (52,434) 32.2 (75,918) 0.3 (621) 

Age (years), median (IQR) 65 (56 - 75) 71 (60 - 81) 69 (58 - 79) 0 (0) 

Since lockdown, % (n) 4.8 (4,070) 4.4 (6,679) 4.5 (10,749) 0 (0) 

Baseline characteristics 

Heart rate at hospitalisation 

(bpm), median (IQR) 

77 (65 - 90) 77 (66 - 90) 77 (66 - 90) 3.4 (7960) 

Systolic blood pressure 

(mmHg), median (IQR) 

130 (112 - 

150) 

140 (123 - 

160) 

137 (120 - 

157) 

3.3 (7826) 

Initial creatinine, μmol/L, 

median (IQR) 

81 (69 - 98) 86 (72 - 108) 85 (71 - 104) 4.6 (10824) 

GRACE  

Score, median (IQR) 125 (103 - 

156) 

118 (95 - 148) 121 (96 - 151) 18.4 

(43566) 

Low, % (n) 22.3 (14,662) 17.9 (22,829) 19.4 (37,491) 

Intermediate, % (n) 29.5 (19,367) 33.7 (42,960) 32.3 (62,327) 

High, % (n) 48.3 (31,722) 48.4 (61,637) 48.3 (93,359) 

Killip Class 

I, % (n) 84.0 (62,435) 81.6 (112,510) 82.4 (174,945) 10.4 

(24511) II, % (n) 8.3 (6,138) 13.0 (17,863) 11.3 (24,001) 

III, % (n) 3.7 (2,776) 5.0 (6,892) 4.6 (9,668) 

IV, % (n) 4.0 (2,982) 0.5 (636) 1.7 (3,618) 

Comorbidities 

Diabetes, % (n) 19.0 (16,603) 29.8 (45,389) 26.0 (61,452) 0 (0) 

COPD, % (n) 10.8 (9,115) 17.1 (25,992) 14.8 (35,107) 0 (0) 
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Chronic heart failure, % (n) 2.7 (2,316) 8.4 (12,760) 6.4 (15,076) 0 (0) 

Chronic renal failure, % (n) 3.0 (2,493) 9.1 (13,837) 6.9 (16,330) 0 (0) 

Cerebrovascular disease, % 

(n) 

4.6 (3,878) 8.7 (13,254) 7.2 (17,132) 0 (0) 

Peripheral vascular disease, % 

(n) 

2.4 (2,057) 4.9 (7,461) 4.0 (9,518) 0 (0) 

Hypertension, % (n) 38.4 (32,491) 52.6 (80,057) 47.5 (112,548) 0 (0) 

Previous MI, % (n) 13.2 (9,489) 29.1 (40,303) 23.7 (49,792) 11.3 

(26692) 

Previous Angina, % (n) 9.8 (6,907) 26.2 (35,695) 20.6 (42,602) 12.7 

(30083) 

Previous PCI, % (n) 10.2 (7,224) 18.2 (24,758) 15.5 (31,982) 12.6 

(29742) 

Previous CABG, % (n) 2.7 (1,924) 9.5 (13,010) 7.2 (14,934) 12.5 

(29565) 

In-hospital procedures  

Invasive coronary 

angiography, % (n) 

78.3 (66,024) 67.5 (102,612) 71.3 (168,636) 0.15 (354) 

PCI, % (n) 78.1 (66,093) 37.0 (56,203) 51.7 (122,296) 0 (0) 

CABG, % (n) 0.1 (45) 3.1 (4,661) 2.0 (4,706) 0 (0) 

Medications at discharge 

Aspirin, % (n) 98.7 (68,467) 97.4 (106,813) 97.9 (175,280) 24.4 

(57682) 

P2Y12 inhibitor, % (n) 98.2 (68,704) 95.6 (105,081) 96.6 (173,785) 24.0 

(56849) 

β-blocker, % (n) 97.7 (65,189) 95.1 (99,311) 96.1 (164,500) 27.7 

(65590) 

ACEi or ARB, % (n) 97.1 (64,597) 92.3 (90,962) 94.2 (155,559) 30.3 

(71643) 

Statins, % (n) 98.6 (68,459) 96.5 (108,061) 97.3 (176,520) 23.5 

(55639) 

Lifestyle advice 
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Cardiac rehabilitation, % (n) 91.7 (64,686) 87.1 (102,965) 88.8 (167,651) 20.2 

(47903) 

Smoking cessation advice, % 

(n) 

80.4 (24,272) 70.3 (26,869) 74.6 (51,141) 71.1 

(168331) 

Dietary advice, % (n) 92.7 (57,507) 88.2 (98,519) 89.8 (156,026) 26.6 

(63013) 

ACEi; angiotensin converting enzyme inhibitors, ARB; angiotensin receptor blockers, 

CABG; coronary artery bypass graft, COPD; chronic obstructive pulmonary disease, 

GRACE; Global Registry of Acute Coronary Events, IQR, interquartile range, MI; 

myocardial infarction, NSTEMI; non-ST segment elevation myocardial infarction, STEMI; 

PCI; percutaneous coronary intervention, ST-segment elevation myocardial infarction. 

 

8.6.2 Quality of care assessment 

Data from the national registries enabled the direct measurement of 16 (61.5%) of the 26 

ESC ACVC QIs. The QIs that could not be assessed included the planned duration of dual 

anti-platelet therapy, the QIs within the patient satisfaction domain and the objective risk-

stratification using validated tools. GRACE risk scores, however, were indirectly derived for 

193 177 (81.6%) patients. In addition, while participating in a network for STEMI 

management, taking part in a registry and routine monitoring to reperfusion times in STEMI 

could not be directly measured, these form part of routine practice in the UK. The outcome 

QI (30-day mortality) may be obtained from data linkage with the Civil Registration of 

Deaths Register, but was not evaluated for this work because mortality had been previously 

investigated8 and this study concerned processes of care. 

 

8.6.3 Quality of care during the COVID-19 pandemic 

During, compared with before, the national lockdown, in England and Wales there was an 

improvement in attainment for 10 (62.5%) QIs, with evidence for a slight reduction in 

attainment for the other QIs that could be measured using the datasets (table 2). Figure 

1 shows the OR for QI attainment during the lockdown referenced to the pre-COVID period. 
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Overall, there was a slight increase in attainment for the composite QI after the first national 

lockdown (43.8% to 45.2%, OR 1.06, 95% CI 1.02 to 1.10) suggesting good overall 

adherence to guidelines-indicated therapies for AMI during the COVID-19 pandemic. 

 

Figure 1. Attainment for the quality indicators for patients with AMI during the first national 

lockdown  

 

ACEi; angiotensin converting enzyme inhibitor, AMI; acute myocardial infarction, DAPT; 

dual anti-platelet therapy, ECG; electrocardiogram, hs-cTn; high-sensitivity cardiac 

troponin, ICA; invasive coronary angiography, LDL-C; low-density lipoprotein cholesterol, 

LVEF; left ventricular ejection fraction, NSTEMI; non-ST elevation myocardial infarction, 

STEMI; ST elevation myocardial infarction 

*Door-to-Balloon time 

**Serum cholesterol measurement  

***Discharged on statin 
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8.7 Discussion  

This real-world naturalistic study evaluated the quality of AMI care in England and Wales 

before and during the COVID-19 pandemic using routinely collected nationwide registry 

data. We found that the NHS provided high-quality AMI care during the pandemic as 

measured against international standards. In particular, we found that early detection and 

timely invasive investigation for NSTEMI were delivered at much higher rates, while STEMI 

reperfusion was slightly delayed than prior to the UK lockdown. Such insights were gained 

by means of routinely collected cardiovascular data. These findings highlight the role that the 

UK national cardiovascular registries may play in the evaluation of processes of AMI care in 

times of need. 

 

Others have described changes in the patterns of treatment for patients with AMI during the 

COVID-19 pandemic,1–3 8 but no study has quantified the breadth or depth of AMI care on 

a national level using validated QIs. Similar findings of an overall improvement in the quality 

of care have recently been reported for patients with stroke in the UK.24 Taken together, this 

emphasises the consequences of a national crisis on the delivery of processes of care for acute 

cardiovascular conditions and may help identify areas for improvement. 

 

One may only speculate as to the reasons for improved care quality for AMI following the 

national lockdown. Given that there was a reported decline of between 16% and 40% in 

admissions with AMI to hospitals following the first UK lockdown, the modest improvement 

in attainment of the majority of the QIs during the pandemic could be explained by a relative 

increase in availability of cardiology staff and resources.1 2 8 25 That is, a reduction in 

admissions for AMI, with the maintenance of a specialist emergency heart attack service, 

would provide greater opportunities for specialist staff to deliver higher quality care.3 Indeed, 

at the time, the British Cardiovascular Society recommended the UK national heart attack 

service to continue as previously and not to revert to historical treatments for AMI such as 

thrombolysis.6 7 This was in contrast to recommendations during the early stages of the 

pandemic to adopt a ‘thrombolysis-first’ approach.26 Given the decline in admissions with 
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AMI, our findings suggest that care quality could be further improved with appropriate 

staffing and resources. 

 

However, it is possible that other factors were at play. This includes the preparedness of 

dedicated services (and with this additional staff availability and attention) and the 

prioritisation of hospital discharges (and therefore greater attention to the provision of care 

prior to leaving hospital).27 Moreover, the ‘shut down’ of normal elective activity,28 

29 which spanned all services, would have enabled the NHS to be better equipped to receive 

and treat patients with AMI. It is also plausible that the recording of data into the national 

registries was more selective, with a bias towards patients who were lower risk, had better 

care and who were more likely to be discharged alive (previous work has suggested that 

missing data is associated with 30-day mortality for STEMI and NSTEMI).30 

 

The delay in STEMI reperfusion observed in our study is consistent with other UK3 and 

international31 studies, and may be related to the changes to STEMI service during the 

pandemic including the redeployment of catheter laboratory staff to other intensive care 

environments.27 Furthermore, the slight reduction in the prescription of angiotensin 

converting enzyme inhibitors or angiotensin receptor blockers for those with a reduced 

ejection fraction, as well as the increase in radial access use after the lockdown, may be due 

to the fact that there was an imperative to make available hospital beds and therefore enable 

the early hospital discharge of stable patients following AMI. 

 

Our study does emphasise an opportunity to integrate local efforts with those wider afield 

that aim to evaluate and improve the quality of AMI care. The ESC QIs have been designed 

to enable the assessment of care quality for AMI, according to international clinical practice 

guidelines.32 Equally, MINAP and NAPCI are used as tools for audit and evaluation of NHS 

heart attack services.33 Hitherto, we were only able to measure 61.5% of the ESC AMI QIs 

against these two national registers. We propose that routine national data collection aligns to 

and harmonises with national and international standards for the measurement of quality of 

care.34 Equally, we recognise that while information such as health-related quality of life 
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may be difficult to capture via national registries,35 greater alliance may help enhance the 

comprehensiveness of data collection systems in the UK.36 37 

 

Our study has limitations. MINAP does not collect information pertaining to all admissions 

with AMI across the NHS.38 It is possible that care quality for those admissions recorded 

were systematically different from those not in the registry. Nonetheless, MINAP does 

collect detailed clinical information pertaining to the majority of admissions in England and 

Wales with AMI, and is the largest single healthcare system AMI registry.20 We substituted 

statin therapy for high-intensity statin, serum cholesterol for low-density lipoprotein 

cholesterol, and balloon inflation time for arterial access time. While these are slightly 

different aspects of care to the ones proposed in the ESC ACVC QIs, they provide insights 

into current practice of pharmacotherapy following AMI. This was a retrospective cohort 

study which has bias inherent to its observational design. 

 

8.8 Conclusion  

The COVID-19 pandemic created a natural experiment for the NHS. During this period, 

quality of care for AMI as measured against international standards did not worsen, but 

improved modestly. Give the decline in admissions with AMI, our findings could suggest that 

care quality may be further improved with appropriate staffing and resources. Implicit in the 

study is the notion that routinely collected data in concert with standardised measures of care 

quality allow appropriate evaluation of care quality. 
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Chapter 9. Association of quality indicators for acute myocardial infarction and 

mortality: feasibility and validation study using linked nationwide registry data 

 

Suleman Aktaa, Mohammad E Yadegarfar, Jianhua Wu, Muhammad Rashid, Mark de 

Belder, John Deanfield, Francois Schiele, Mark Minchin, Mamas Mamas, Chris P Gale 

 

9.1 Summary of this publication: 

• The data included in this Chapter was conducted as part of the analysis performed in 

Chapter 8, but was not included in the above publication.   

• These data present the association between the attainment for the quality indicators 

for acute myocardial infarction (AMI) presented in Chapter 7 with mortality at 

different time points.  

• Overall, there was an inverse association between adherence to the majority of the 

AMI quality indicators and mortality.  

• The magnitude of this association attenuated over time, with greater long-term 

survival gains in the high GRACE risk patients.  

 

9.2 Publication status: 

• Not published  

• Abstract presentation at the ESC Congress 2021 

 

9.3 Abstract  

 

9.3.1 Background  

Quality indicators (QIs) have been increasingly used as tools to assess and improve the 

quality of care for acute myocardial infarction (AMI). However, it is not known if it is 

feasible to use the 2020 iteration of international AMI QIs using routinely collected data and, 

if so, whether better care is associated with improved outcomes.  
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9.3.2 Objective  

To investigate if nationwide cardiovascular registry data captures data variables relating to 

the 2020 European Society of Cardiology association for Acute Cardiovascular Care QIs for 

AMI, quantify their association with all-cause mortality. 

 

9.3.3 Methods  

Cohort study of linked data from the United Kingdom AMI and percutaneous coronary 

intervention (PCI) registries and Civil Registration of Deaths Register between 2017 and 

2020 (representing 236 743 patients from 186 hospitals). The Global Registry of Acute 

Coronary Events (GRACE) risk score was used to estimate baseline ischaemic risk. The 

likelihood of attainment for each QI based on GRACE risk was estimated using logistic 

regression and the risk-adjusted QI effect on mortality at 30 days, 6 months, 1 year and long-

term (maximum 1243 days) was obtained from Cox proportional hazard models.  

 

9.3.4 Results  

Of 26 QIs, 17 (65.3%) could be directly measured and were each inversely associated with 

risk-adjusted mortality for 1-year and long-term survival, which was also true for 30-day and 

6-months survival with exception of early invasive angiography for non-ST elevation 

myocardial infarction. The QI with the greatest magnitude for the reduction in long-term 

mortality was for the prescription of high-intensity statin at discharge (HR 0.32 [95% CI 

0.31-0.34]), follow by reperfusion therapy (0.34 [0.32-0.35]) and adequate P2Y12 inhibition 

at discharge (0.38 [0.36-0.40]). The magnitude of association between the composite QI and 

survival attenuated over time, with greater long-term survival gains in the high GRACE risk 

patients.  

 

9.3.5 Conclusion  

Care quality for AMI may be evaluated using routinely collected clinical data from the UK, 

whereby increasing hospital performance is associated with reduced mortality.   
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9.3.6 Keywords  

Quality indicators. Acute myocardial infarction. GRACE. Mortality 
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9.4 Introduction 

 

Quality indicators (QIs) provide the mechanism to evaluate medical care and guide the 

decision making for healthcare professionals, policy makers and patients alike.193 They may 

help identify gaps in care delivery and enable the implementation of quality improvement 

interventions, but also assess the effectiveness of these interventions.194 The systematic 

collection of QIs through registries,19 and the public reporting of their results allow 

commissioners to monitor performance, and institutes to evaluate care quality.23, 194, 195 

Previously published international QIs for the management of acute myocardial infarction 

(AMI)196 aligned with AMI care as recommended in international guidelines at the time, and 

were significantly associated with favourable patient outcomes.13, 16, 197, 198 However, the 

recommended management of AMI has since changed,199 and updated QIs have been 

developed.200 Notably, it is not known whether it is feasible to use the 2020 iteration of 

international AMI QIs using routinely collected data and, if so, whether better care is 

associated with improved outcomes.  

 

9.5 Methods 

9.5.1 Data and population   

We used linked data from the UK national AMI and percutaneous coronary intervention 

(PCI) registries, namely the Myocardial Ischaemia National Audit Project (MINAP)201, 202 

and the British Cardiovascular Intervention Society (BCIS).71 MINAP is a national registry 

representing all acute hospitals in England and Wales and prospectively collects information 

about patients hospitalized with AMI, including demographics, cardiovascular risk factors, 

co-morbidities, clinical characteristics at the time of hospitalization, and treatment 

delivered.201 Data are encrypted and submitted electronically at each hospital site and 

securely transferred to a central database, where they are anonymized and then shared with 

research units upon request.  

 

The BCIS registry is a national registry that prospectively collects data around the clinical, 

procedural, and outcome of over 95% of PCI procedures undertaken in the UK.203 The 

National Institute for Cardiovascular Outcomes Research (NICOR), which encapsulates 
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BCIS and MINAP, has support under section 251 of the National Health Service (NHS) Act 

2006 (Ref: NIGB: ECC 1-06 (d)/2011) to use patient information for medical research 

without consent. Thus, ethical approval was not required under NHS research governance 

arrangements.  

 

9.5.2 Sample selection  

We conducted our study in compliance with the Declaration of Helsinki using the MINAP 

and BCIS databases. We included all adult patients (⩾18 years of age), discharged alive with 

ST-segment elevation myocardial infarction (STEMI) or non-STEMI (NSTEMI) from 

MINAP between 2017 and 2020. Data related to PCI were obtained from the BCIS registry 

using each patient’s unique NHS number to deterministically link patients between MINAP 

and BCIS registries. Where multiple admissions for the same patient were recorded, the 

earlier admission was used to reduce potential bias from previous treatments. Patients with no 

available survival data were excluded. 

 

9.5.3 Ischaemic risk assessment  

The QI attainment was evaluated across the different Global Registry of Acute Coronary 

Events (GRACE)204, 205 risk scores for 6-month mortality.206 The GRACE risk assessment 

tool has been validated using UK registry data for different phenotypes of AMI,207, 208 and 

uses a number of prognostic information including age, cardiac arrest, Killip class, systolic 

blood pressure, heart rate, electrocardiographic ST-segment deviation, elevated cardiac 

enzyme and serum creatinine levels. Scores were calculated separately for STEMI and 

NSTEMI as low (<=88), intermediate (100 - 127) and high (128 - 263), and low (>=88), 

intermediate (89 – 118) and high (119 – 263), respectively.206 

 

9.5.4 Outcome data 

Mortality data were obtained from deterministic data linkage with the Civil Registration of 

Deaths Register from the Office for National Statistics using each patient’s NHS number, 

thus providing vital status or date of death at 30 days, 6 months,1 year and long term. 



 196 

 

9.5.5 Statistical analysis 

Patient baseline characteristics, co-morbidities, and treatments were reported according to the 

phenotype of AMI as percentages and numbers for categorical variables, means and standard 

deviations (SD) for parametric continuous variables, and medians and interquartile ranges for 

non-parametric variables. Baseline differences between each diagnosis were tested using Chi-

square test for categorical variables, t-test for continuous parametric and the Mann-Whitney 

test for non-parametric variables.  

 

The distribution of QI attainment across different GRACE risk categories was reported as 

percentages and numbers. The likelihood of attainment for each QI at the patient level was 

calculated using logistic regression based on each patient’s GRACE score risk category, with 

the low-risk group used as the reference group, and reporting odds ratio and accompanying 

confidence intervals (CI) for intermediate and high-risk groups.  

 

Survival times were calculated from the time of admission to hospital until the date of death 

or censorship, with the maximum survival/censor time being 1243 days. Those with survival 

time of less than zero (n=37) were excluded from the analysis. Cox proportional-hazards 

were used to analyse the effect of each QI on patients’ survival at 30-days, 6 months, 1 year 

and long-term. Univariate and GRACE risk-adjusted models survival models were performed 

for each survival time-point. The proportional hazards assumption was upheld when tested 

using Schoenfeld residuals.  

 

All analyses were performed on complete cases. All tests were 2-sided, and statistical 

significance was considered as P < 0.05. Statistical analyses were performed in Stata IC 

version 14.2 and R version 3.4.3. 
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9.6 Results 

9.6.1 Population  

Data for 236 743 patients admitted with AMI to one of 186 NHS hospitals were included. 

Table 1 shows the baseline characteristics, co-morbidities, in-hospital treatment and 

discharge details according to the AMI diagnosis. Overall, 152 109 (64.3%) patients had 

NSTEMI, and the median age was 69 (58 – 79) years with 75 918 (32.2%) patients being 

women. Survival data were available for 234 556 patients and equated to 677 276 person 

years follow-up. After 23rd March 2020 (start of the first lockdown in England and Wales), 

there were 10 749 (4.5%) admissions with AMI, of which 6 679 (4.4%) and 4 070 (4.8%) 

were NSTEMI and STEMI, respectively (Table 1).  

 

9.6.2 GRACE risk scores  

Sufficient data were available to calculate GRACE risk scores for 193 177 (81.8%) patients 

(65 751[77.6%] for STEMI and 127 462 [83.8%] for NSTEMI), with an overall median 

GRACE score of 121 (96 – 151). Supplement Table S1 shows the proportion of patients in 

each of the GRACE risk groups for both STEMI and NSTEMI. There were more high-risk 

patients than intermediate- and low-risk for both STEMI (31 722 [48.25%], 19 367 [29.46%], 

14 662 [22.30%]) and NSTEMI (61 637 [48.37%], 42 960 [33.71%], 22 829 [17.92%]). Most 

patients (82.4%), however, had Killip class I at the time of presentation with AMI, suggesting 

that GRACE scores were driven by factors other than Killip class in our cohort.  

 

9.6.3 Deaths 

In total, there were 15 555 (6.6%) deaths at 30 days, 26 422 (11.3%) at 6 months, 32 811 

(14.0%) at 1 year and 43 335 (18.5%) long-term (at censor 1243 days). Mortality rates at all 

time points varied according to the baseline GRACE risk scores, with significantly higher 

mortality observed in the high-GRACE risk group compared with the intermediate- and low-

risk (Supplement Table S2).  

  

9.6.4 Quality indicator feasibility  
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Data from MINAP and BICIS registries enabled the direct measurement of 17 (65.3%) out of 

the 26 ESC ACVC QIs, including 2 (7.6%) structural, 13 (50%) process, and 2 (7.6%) 

composites. Another three (11.5%) QIs, albeit not directly measured, formed part of the 

routine practice in the UK. These include the participation in national registries, the 

involvement in networks for STEMI management and the monitoring of STEMI reperfusion 

times. The time between STEMI diagnosis and balloon inflation time (substituted for arterial 

access) was only measurable in 7 836 (9.3%) patients because of missing data, highlighting 

the difficulty in the capture of timing variables.  

 

On the other hand, the planned duration of dual anti-platelets therapy (DAPT) and the three 

QIs within the patient satisfaction domain [evaluating patient feedback, assessing health-

related quality of life (HRQoL), and providing discharge letters] could not be assessed 

because of the lack of data to support the measurement of these aspects of care. In addition, 

and while data were available to indirectly derive GRACE risk scores for 193 177 (81.8%) 

patients, objective risk-stratification for patients presenting with AMI using validated tools is 

not part of routine practice in the UK, nor captured in its national registries.  

 

Figure 1. Performance variation across hospitals according to all-or-none composite quality 

indicator  
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9.6.5 Quality indicator attainment  

The quality of AMI care in the UK defined as the degree of attainment to the 2020 ESC 

ACVC QIs varied across hospitals in England and Wales (Figure 1) and by GRACE risk 

group (Table 1). The attainment for 13 (76.5%) of the 17 measured QIs inversely 

proportional to GRACE risk scores (Figure 2). The largest variation was noted in the 

adherence to secondary prevention medications at the time of hospital discharge, the use of 

radial access for PCI, and reperfusion therapy for eligible STEMI patient, with lower 

attainment in the high-risk group, compared with the intermediate- and low-risk. Structural 

QIs, however, as well as the assessment of left ventricular function during the hospital stay 

showed little discrimination to the quality of care across different GRACE risk groups.  

 

Table 1. Quality indicator attainment across different GRACE categories 

QI (Receipt or availability) GRACE 
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Low  

(n=37,491) 

Intermediate 

(n=62,327) 

High 

(n=93,359) 

All  

(n=193,177) 

p-

value 

Hospital use of hs-cTn for 

NSTEMI 

73.0 (16,562) 74.0 (31,576) 73.4 (44,994) 73.5 (93,132) 0.007 

Pre-hospital interpretation 

of ECG for STEMI 

73.4 (9,679) 74.1 (12,967) 78.5 (22,437) 76.1 (45,083 <0.001 

Reperfusion among eligible 

for STEMI 

86.5 (12,675) 86.4 (16,729) 74.7 (23,679) 80.7 (53,083) <0.001 

Timely reperfusion for 

STEMI 

83.7 (10,605) 83.2 (13,912) 81.6 (19,317) 82.6 (43,834) <0.001 

Invasive coronary 

angiography within 24h for 

NSTEMI  

39.9 (5,740) 36.6 (9,384) 30.1 (7,070) 34.9 (22,194) <0.001 

Radial access for invasive 

procedures  

92.1 (19,405) 90.9 (28,667) 83.4 (28,413) 88.2 (76,485) <0.001 

Median time from ECG to 

arterial access* for STEMI  

87.4 (65.5 - 

120.1) 

85.2 (65.5 - 

118.0) 

89.6 (67.7 - 

122.3) 

87.4 (65.5 - 

120.1) 

<0.001 

LVEF assessment before 

hospital discharge 

65.4 (24,525) 65.4 (40,788) 63.6 (59,406) 64.6 (124,719 <0.001 

In-hospital measurement 

of LDL-C** 

67.9 (25,444) 62.9 (39,196) 53.3 (49,711) 59.2 (114,351) <0.001 

Adequate P2Y12 inhibition 

on discharge 

98.4 (30,638) 97.8 (49,646) 95.5 (65,320) 96.9 (145,604) <0.001 

Parenteral anticoagulation  87.8 (26,132) 87.7 (43,715) 82.8 (63,056) 85.3 (132,903) <0.001 

Dual antiplatelet therapy 

on discharge 

98.0 (30,120) 97.2 (47,968) 93.8 (59,218) 95.9 (137,306) <0.001 

High intensity statin on 

discharge*** 

99.0 (31,006) 98.6 (50,412) 95.9 (66,295) 97.5 (147,713) <0.001 

ACEi for patients with 

reduced LVEF 

98.6 (6,971) 98.1 (12,270) 96.0 (21,373) 97.0 (40,614) <0.001 

Beta Blockers for patients 

with reduced LVEF 

99.0 (6,939) 98.8 (12,382) 98.0 (23,659) 98.4 (42,980) <0.001 

Composite All/None 46.5 (17,437) 44.0 (27,439) 45.6 (42,571) 45.3 (87,447) <0.001 
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Composite Score 
     

Denominator 

(median/IQR) 

5 (4 - 5) 5 (4 - 5) 5 (3 - 5) 5 (4 - 5) 
 

Numerator (median/IQR) 4 (3 - 5) 4 (3 - 5) 4 (2 - 5) 4 (3 - 5) 
 

Ratio (median/IQR) 0.8 (0.8 - 1) 0.8 (0.8 - 1) 0.8 (0.8 - 1) 0.8 (0.8 - 1) 
 

ACEi; angiotensin converting enzyme inhibitors, GRACE; Global Registry of Acute 

Coronary Events, hscTn; high-sensitivity cardiac troponin, LDL-C; low density lipoprotein 

cholesterol, LVEF; left ventricular ejection fraction, NSTEMI; non-ST segment elevation 

myocardial infarction, STEMI; ST-segment elevation myocardial infarction, QI; quality 

indicator 

 

9.6.6 Survival trajectories 

Of the 17 measured QIs, the attainment for 16 (94%) was associated with improved long-

term survival (Figure 2). There was also an inverse association between the median time from 

STEMI diagnosis to balloon inflation (substituted for arterial access) and mortality 

(Supplementary Table S2). At all time-points, mortality was reduced by the attainment for 16 

(94%) QIs, with the early invasive angiography within 24 hours from NSTEMI diagnosis 

associating with a reduction in 6-month, 1-year, and long-term, and an increase in 30-day 

mortality.  
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Figure 2. Risk-adjusted survival estimates for each of the quality indicators 

 

ACEi; angiotensin converting enzyme inhibitors, GRACE; Global Registry of Acute 

Coronary Events, hscTn; high-sensitivity cardiac troponin, LDL-C; low density lipoprotein 

cholesterol, LVEF; left ventricular ejection fraction, NSTEMI; non-ST segment elevation 

myocardial infarction, STEMI; ST-segment elevation myocardial infarction, QI; quality 

indicator 

 

The QI with the greatest magnitude for the reduction in long-term mortality was the 

prescription of statins (substituted for high-intensity statin) at discharge (HR 0.32 [95% CI 

0.31-0.34]), follow by reperfusion therapy (0.34 [0.32-0.35]) and adequate P2Y12 inhibition 

at discharge (0.38 [0.36-0.40]). While the QI with the least reduction in long-term mortality 

was the median time between STEMI diagnosis and arterial access (1.02 [1.01-1.03] per 10 

minutes), hospital use of high-sensitive cardiac troponin (0.88 [0.86-0.91]), and invasive 

coronary angiography within 24 hours for patients with NSTEMI (0.85 [0.80-0.90]). Over 

time, the magnitude of the association between the composite QI and survival attenuated, and 
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greater long-term survival gains were observed in the high GRACE risk group compared with 

the intermediate and low risk patients (Figure 3).   

 

Figure 3. Long-term survival of patients with AMI according to composite quality indicator 

attainment, by GRACE risk category 

 

AMI- acute myocardial infarction, GRACE= Global Registry of Acute Coronary Events. 

 

9.6.7 The composite quality indicators scores  

The opportunity-based composite QI (CQI) had a mean value of 3.94 (+/- 1.70) for all AMI 

patients in whom a GRACE risk score could be calculated, 4.11 (+/- 1.63), 4.03 (+/- 1.63), 

and 3.81 (+/- 1.75) for the high, intermediate, and low GRACE risk score groups. The all-or-

none CQI had was 45.6% (42 571), 44.0% (27 439), and 46.5% (17 437) for the high, 

intermediate and low GRACE risk score groups. For patients with LVEF ≥0.40, the all-or-
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none CQI was achieved (calculated at 1) in 66.6% (n= 45,819) of all AMI patients, in 67.2% 

(n= 11,090), 64.0% (n= 16,496), and 68.8% (n= 18,233) for the high, intermediate, and low 

GRACE categories, while it was achieved in 74.5% (n= 41,628) of all AMI patients, in 

79.1% (n= 6,347), 73.0% (n= 10,943), and 74.0% (n= 24,338) for high, intermediate, and low 

GRACE categories for patients with LVEF <0.40.  

 

9.7 Discussion 

 

This study investigated whether UK national cardiovascular registries enabled the evaluation 

of AMI care quality using internationally developed QIs,200 and assessed their association 

with survival. It shows that the 2020 ESC ACVC QIs for AMI are feasible metrics that have 

a meaningful association with patient outcomes and that they may be used to report quality of 

care for AMI. Furthermore, this study highlights the role of secondary prevention 

medications in reducing long-term mortality following an AMI, and identifies, using ‘real-

world’ data, areas for improvement in contemporary practice. As such, strategies to enhance 

the adherence to guideline-indicated care and continuously evaluate AMI care processes may 

be implemented.   

 

The use of a suite of QIs as opposed to a single measure provides multi-faceted assessment of 

the quality of medical care.185, 193 While various sets of QIs for the management of AMI 

exist,164, 196, 209, the ESC ACVC QIs are aimed for the European healthcare systems, and the 

2017 version was validated in a number of national and international registries.13, 197, 198 

However, only 6 QIs remained unchanged in the 2020 iteration, compared with the 2017 set, 

and no other study has evaluated their feasibility using existing registry data. Thus, the 

findings of our study may enhance the dissemination and implementation of the 2020 ESC 

ACVC QIs and, consequently, drive quality assessment and improvement.  

 

We have shown that while adherence to QIs was associated with a reduction in mortality over 

time, its use decreased with increasing GRACE risk scores. Risk stratifying patients with 
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AMI using GRACE module has been found to be superior to subjective assessment of 

healthcare providers for the estimation of prognosis.210, 211 We found that patients with high 

GRACE risk scores have higher mortality at all time points, as well as greater and persistent 

survival gains from QI attainment, compared with patients in the intermediate and low 

categories. This highlights the importance of validated tools, such as GRACE to estimate risk 

and enable the timely activation of care interventions. 

 

It is evident that there are missed opportunities in the management of patients with high 

GRACE risk scores.212 213 199 Our study shows, using contemporary data, the persistence of 

the so called ‘risk-treatment paradox’.76, 77, 214, 215 As such, efforts to understand the factors 

contributing to the persistence of the existing gaps in care delivery, and whether pressure on 

resources contribute to the sub-optimal adherence to guideline-indicated care are needed.    

 

Clinical Practice Guidelines recommend performing an invasive coronary angiography (ICA) 

within 24 hours for patients with NSTEMI.199 While our study demonstrated an improvement 

in long-term survival with the attainment of this QI, it was associated with an increase in 

mortality at 30 days. This may be explained by survivorship bias given that NSTEMI patients 

with features of haemodynamic instability may be prioritized for an early invasive treatment.   

 

Our study emphasises the importance of the integration of clinical registries design with 

QIs.185 Notwithstanding that 17 out of the 26 ESC ACVC QIs were measured using UK 

registry data, the ‘patient satisfaction’ domain requires data about HRQoL, which are not 

captured in MINAP or BCIS. Patient reported outcome measures (PROMs), such as HRQoL 

are increasingly recognised as important indicators of performance,199 185 and, thus, PROMs 

should be integrated within quality assessment systems. The Evaluation of the Methods and 

Management of Acute Coronary Events (EMMACE) study216 collects HRQoL for AMI 

survivors, but data from EMMACE were not available for our study cohort.  

 



 206 

In addition, our study identified other areas for improvement within the existing UK 

registries. These include information regarding the time of arterial access for invasive 

strategy, whether statin prescribed at discharge was high intensity, the planned duration of 

DAPT following AMI, and the assessment of risk using validated tools. The implementation 

of such information may facilitate the adherence to these evidence-based aspects of AMI 

care, and the capture of data when measuring performance.  

 

While our study has a number of strengths, it has limitations. First, the observational nature 

of the study increases the risks of confounding factors in determining survival and limits the 

ability to infer causation. However, the use of one of the largest, whole-country databases for 

AMI patients (MINAP) and adjusting mortality using a validated risk score (GRACE) 

allowed drawing meaningful conclusions regarding the quality of care and gaps in care 

delivery. Second, because evaluating long-term survival was one of the objectives of the 

study, patient who died during the hospital stay were excluded from the study, which may 

have resulted in survival bias. Third, missing data could have biased the estimates. Fourth, 

all-cause mortality, rather than cardiovascular mortality was evaluated due to the 

unavailability of cause-specific mortality. Non-cardiovascular deaths may not be attributable 

to AMI care, and, thus, mortality rates could be overestimated in our study217. Fifth, the ‘risk-

treatment paradox’ may be an indicator of higher ischaemic risk itself, which may explain the 

lower attainment of QIs observed in high-risk patients.  

  

9.8 Conclusion 

Quality of care for the management of AMI may be evaluated using routinely collected 

clinical data from the UK registries. The ESC ACVC QIs for AMI could be applied to UK 

data to measured care quality and were inversely associated with survival.   
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Chapter 10. Quality indicators for the care and outcomes of adults with atrial 

fibrillation 

Task Force for the development of quality indicators in atrial fibrillation of the European 

Heart Rhythm Association (EHRA) of the European Society of Cardiology (ESC): 

Developed in collaboration with the Heart Rhythm Society (HRS), the Asia Pacific Heart 

Rhythm Society (APHRS), and the Latin-American Heart Rhythm Society (LAHRS) 

 

Elena Arbelo, Suleman Aktaa, Andreas Bollmann, André D’Avila, Inga Drossart, Jeremy 

Dwight, Mellanie True Hills, Gerhard Hindricks, Fred M Kusumoto, Deirdre A Lane, Dennis 

H Lau, Maddalena Lettino, Gregory Y H Lip, Trudie Lobban, Hui-Nam Pak, Tatjana Potpara, 

Luis C Saenz, Isabelle C Van Gelder, Paul Varosy, Chris P Gale, Nikolaos Dagres 

 

10.1 Summary of the publication: 

• Using the methodology described in Chapter 4, this paper presents the quality 

indicators for atrial fibrillation (AF). 

• Six domains of AF care have been defined: (1) Patient assessment (baseline and 

follow-up), (2) Anticoagulation therapy, (3) Rate control strategy, (4) Rhythm control 

strategy, (5) Risk factor management, and (6) Outcomes measures, including patient-

reported outcome measures (PROMs).  

• In total, 17 main and 17 secondary quality indicators for AF across the six domains of 

care were defined.  

 

10.2 Publication status: 

• Published 29 August 2020  

• EP Europace, Volume 23, Issue 4, April 2021, Pages 494–495, 

https://doi.org/10.1093/europace/euaa253 
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10.3 Abstract  

10.3.1 Aims  

To develop quality indicators (QIs) that may be used to evaluate the quality of care and 

outcomes for adults with atrial fibrillation (AF).  

 

10.3.2 Methods and results  

We followed the ESC methodology for QI development. This methodology involved (i) the 

identification of the domains of AF care for the diagnosis and management of AF (by a group 

of experts including members of the ESC Clinical Practice Guidelines Task Force for AF); 

(ii) the construction of candidate QIs (including a systematic review of the literature); and 

(iii) the selection of the final set of QIs (using a modified Delphi method). Six domains of 

care for the diagnosis and management of AF were identified: (i) Patient assessment (baseline 

and follow-up), (ii) Anticoagulation therapy, (iii) Rate control strategy, (iv) Rhythm control 

strategy, (v) Risk factor management, and (vi) Outcomes measures, including patient-

reported outcome measures (PROMs). In total, 17 main and 17 secondary QIs, which covered 

all six domains of care for the diagnosis and management of AF, were selected. The outcome 

domain included measures on the consequences and treatment of AF, as well as PROMs.  

 

10.3.3 Conclusion  

This document defines six domains of AF care (patient assessment, anticoagulation, rate 

control, rhythm control, risk factor management, and outcomes), and provides 17 main and 

17 secondary QIs for the diagnosis and management of AF. It is anticipated that 

implementation of these QIs will improve the quality of AF care. 

 

10.3.4 Keywords 

Atrial fibrillation, Quality indicators, Outcome measures 
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10.4 Introduction  

Atrial fibrillation (AF) is a key public health challenge and major source of morbidity, 

mortality and economic burden for governments worldwide218.  Despite progress in the 

management of patients with AF, this arrhythmia is still a major cause of stroke, heart failure, 

and cardiovascular morbidity and mortality globally219. Additionally, AF is associated with 

cognitive impairment220-222, reduced quality of life (QoL)223, 224, depression225, and frequent 

hospital admissions226-228. The magnitude of the economic burden of AF is increasing, mainly 

driven by AF-related complications and management costs, particularly those associated with 

hospitalizations219, 229, 230.  

 

Data from the EURObservational Research Programme in AF (EORP-AF) found that 

adherence to guideline recommended therapies in the treatment of AF is associated with lower 

mortality231, yet large variability persists in the delivery of such therapies across Europe232, 233. 

To improve the implementation of evidence-based medicine234, some professional 

organisations have developed quality standards, clinical indicators and quality measures to 

evaluate and improve the quality of AF care235-237,238, 239. However, no AF quality indicators 

(QIs) have been specifically designed for the wider international community.  

 

Hence, the European Heart Rhythm Association (EHRA), in collaboration with the Asian 

Pacific Heart Rhythm Society (APHRS), the Heart Rhythm Society (HRS) and the Latin-

American Heart Rhythm Society (LAHRS), established the AF QI Working Group, which was 

tasked with the development of QIs for the diagnosis and management of adults with AF. It is 

hoped that these QIs can serve as a mechanism to improve the quality of AF care, and be used 

by healthcare providers to evaluate care delivery at the patient, centre, and national levels.  

 

To enhance the translation of guideline recommendations into clinical practice and provide 

healthcare providers with tools to identify opportunities for improvement, a summary of the 
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AF QIs has been embedded in the 2020 ESC Clinical Practice Guidelines for AF240. Efforts 

were made to ensure alignment between the developed QIs and the ESC Guidelines for AF, 

which may differ from recommendations developed by other professional organisations. 

 

10.5 Methods 

 

The detailed methodology for the development of QIs for the quantification of cardiovascular 

care and outcomes for the ESC Clinical Practice Guidelines is published separately241. This 

methodology consists of a four-step process: identification of the key domains of care; 

construction of candidate indicators; selection of a final QI set; and undertaking of a feasibility 

assessment. In this document, we have identified important domains of AF care, and developed 

QIs for each domain. The development process involved conducting a systematic review of the 

literature, and using a modified Delphi method242 to derive the final set of QIs and divide them 

into main and secondary QIs. The next step would be to conduct a feasibility assessment of the 

developed QIs using existing AF registries241.   

 

Quality indicators may be divided into structural, process, and outcome indicators243. For each 

proposed QI, we provided relevant specifications, including numerator, denominator, 

measurement period, and measurement duration. However, no care settings were suggested, 

because the proposed QIs are applicable in both the inpatient and outpatient care. It is, thus, 

important to determine locally the clinical setting during which QIs are applied in order to 

ensure the same processes of care are evaluated between healthcare providers. 

 

10.5.1 Members of the Working Group 

The Working Group comprised of members of the ECG Clinical Practice Guidelines Task 

Force, as well as international experts in AF management, patients with AF, and representatives 

from patient organisations. Six domains of AF care were defined: 1) Patient assessment 

(baseline and follow-up), 2) Anticoagulation therapy, 3) Rate control strategy, 4) Rhythm 

control strategy, 5) Risk factor management, and 6) Outcomes measures, including patient-



 

 

215 

reported outcome measures (PROMs). The names, affiliations, and conflicts of interest of the 

AF QIs Working Group is provided in APPENDIX 1. 

 

10.5.2 Systematic review  

10.5.2.1 Search strategy  

We conducted a systematic review of the published literature in accordance with the Preferred 

Reporting Items for Systematic Review and Meta-analyses statement244, 245 (APPENDIX 2). 

We searched two online bibliographic databases; MEDLINE and Embase via OVID®. The 

initial search strategy was developed in MEDLINE using keywords and, when available, 

medical subject headings (MesH) terms based on three main terms: “atrial fibrillation”, 

“quality indicators”, and “outcome measures”, (APPENDIX 3). The final search strategies 

were, then, developed using an iterative process, which also included citations search, grey 

literature, and hand search of the reference lists of the selected studies. 

 

We included randomised controlled trials (RCTs) and observational studies, including local, 

national, and international registries. We excluded systematic reviews, meta-analyses, editorial 

letters and conference proceedings. We only included the main publications of major trials and 

registries from which our search obtained only their sub-studies. The search was restricted to 

those full-text articles published in English language and publication date between 01 January 

2014 and 05 October 2019, to capture QIs and outcome measures for AF from contemporary 

practice.  

 

10.5.2.2 Eligibility criteria  

We included articles which fulfilled the following criteria: 1) the study population was adult 

patients (≥18 years old) with AF, 2) the study explicitly stated at least one QI or outcome 

measure to define best practice for AF diagnosis and/or management, 3) the study provided 

specifications for the QI or outcome measure (e.g., definition, data collection source, method 

of reporting), 4) RCT or registry, and 5) full-text publication. No restrictions were applied to 

the presence of, or the type of, intervention or comparison in the study.  
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10.5.2.3 Study selection  

A reference manager software (Zotero) was used for duplicates removal and data management. 

Two authors (Suleman Aktaa and Elena Arbelo) independently examined the abstracts of the 

studies retrieved from the search against the inclusion criteria. Disagreements were resolved 

through discussion and review of the full text of the article when required.   

 

10.5.2.4 Data extraction  

The full texts of the included studies were independently reviewed by two authors (Suleman 

Aktaa and Elena Arbelo). All QIs relevant to the agreed 6 domains of AF care, namely: 1) 

Patient assessment (baseline and follow-up), 2) Anticoagulation therapy, 3) Rate control 

strategy, 4) Rhythm control strategy, 5) Risk factor management, and 6) Outcomes measures 

(including PROMs) were extracted and listed on an Excel spreadsheet. When available, the 

following information was obtained for the extracted QIs: definition (including numerator, 

denominator, and exclusions), objective, type of QI (structural, process, outcome, or PROM), 

domain of application, and potential data collection source.   

 

10.5.2.5 Clinical Practice Guidelines and Existing QIs  

In addition to the systematic review outlined above, we reviewed relevant Clinical Practice 

Guidelines and existing QIs from different professional organizations (Table 1). The goal of 

the Clinical Practice Guidelines review was to identify the recommendations with the strongest 

association with benefit or harm and to assess these recommendations against the ESC criteria 

for QIs (Table 2)241. Additionally, existing publications on QIs for patients with AF were also 

reviewed and, when applicable, information about the feasibility and/or validity of these 

measures was obtained.  

 

Table 1. Existing Clinical Practice Guidelines and QIs used during the development process  

Organisation Type  Year Country/Region 
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ESC Guideline for 

the Management of 

Patients with Atrial 

Fibrillation240  

Clinical Practice 

Guidelines 

2020 Europe 

ICHOM 

International 

Standard Set of 

Outcome Measures 

for patients with 

Atrial Fibrillation246 

QIs 2020 Worldwide 

AHA/ACC/HRS 

Focused Update of 

the 2014 

AHA/ACC/HRS 

Guideline for the 

Management of 

Patients with Atrial 

Fibrillation247 

Clinical Practice 

Guidelines 

2019 United States 

Canadian Quality 

Indicators for Atrial 

Fibrillation and 

Atrial Flutter237 

QIs 2019 Canada  

Harmonized 

outcome measures 

for use in atrial 

fibrillation patient 

registries and clinical 

practice248 

QIs 2019 United States 

ACC/AHA Clinical 

Performance and 

Quality Measures for 

Adults with Atrial 

QIs  2016 United States 
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Fibrillation or Atrial 

Flutter249 

ESC Guidelines for 

the management of 

atrial fibrillation 

developed250 

Clinical Practice 

Guidelines  

2016 Europe  

NICE Atrial 

Fibrillation Quality 

standard [QS93]173 

QIs 2015 United Kingdom 

AHA/ACC/HRS 

Guidelines for the 

Management of 

Patients with Atrial 

Fibrillation251 

Clinical Practice 

Guidelines 

2014 United States 

QI=quality indicators; AHA=American Heart Association; ACC=American College of 

Cardiology; ESC=European Society of Cardiology; ICHOM=International Consortium for 

Health Outcomes Measurement; NICE=National Institute of Clinical Excellence;  

 

10.5.2.6 Data synthesis  

10.5.2.6.1 Candidate QIs  

A list of candidate QIs was derived from the aforementioned systematic review and classified 

into structural, process, or outcome measures depending on the aspect of care being 

measured243. For each QI, a detailed definition was provided in order to facilitate the evaluation 

process.  

 

10.5.2.6.2 Modified Delphi process  

We used the modified Delphi process242, 252 to evaluate the candidate QIs and arrive at the final 

set of QIs. Instructions on the voting process, including QIs criteria (Table 2) were sent to the 

Working Group before the vote. All measures were independently graded by each member of 

the Group using the SurveyMonkey platform. Three rounds of voting were conducted, with a 

teleconference after each round to discuss the results of the vote. In the first voting round, we 
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used a 9-point ordinal scale, where ratings of 1 to 3 signified that the QI was not valid; ratings 

of 4 to 6 meant that the QI was of uncertain validity; and ratings of 7 to 9 indicated that the QI 

was valid. Candidate QIs were included if ≥75% of the Working Group members ranked them 

between 7 and 9, and were excluded if ≥75% of the Working Group members ranked them 

between 1 and 3. Indicators that did not fall in the two categories above where carried forward 

to the second voting round, where a 3-point scale (should not be included, maybe, and should 

be included) was implemented, but same percentage agreement (≥75% of the Working Group 

members) cut-off was used. The final round comprised a binary, ‘yes’ or ‘no’ questionnaire to 

obtain the Working Group members’ agreement on the proposed final set of QIs.  

 

Table 2. Criteria for the development and evaluation of the ESC quality indicators for 

cardiovascular disease241. 

 

Domain Criteria 

Importance  QI reflects a clinical area that is of high importance (e.g., common, 

major cause for morbidity, mortality, and/or health-related quality of life 

impairment). 

QI relates to an area where there are disparities or suboptimal care.  

QI implementation will result in an improvement in patient outcomes. 

QI may address appropriateness of medical interventions. 

Evidence base  QI is derived from an acceptable evidence consistent with contemporary 

knowledge.  

QI aligns with the respective ESC Clinical Practice Guideline 

recommendations. 

Specification  

 

QI has a clearly defined patient group to whom the measurement applies 

(denominator), including explicit exclusions.   

QI has clearly accomplishment criteria (numerator).  

 

Validity  

QI is able to correctly assess what it is intended to, adequately 

distinguishes between good and poor quality of care, and compliance 

with the indicator would confer health benefits. 
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Reliability  

QI is reproducible even when data is extracted by different people and 

estimates of performance on the basis of available data are likely to be 

reliable and unbiased.  

Feasibility  QI may be identified and implemented with reasonable cost and effort.  

Data needed for the assessment is (or should be) readily available and 

easily extracted within an acceptable time frame. 

Interpretability QI is interpretable by healthcare providers, so that practitioners can 

understand the results of the assessment and take actions accordingly.  

 

 

Actionability 

QI is influential to the current practice, where a large proportion of the 

determinants of adherence to the QI are under the control of healthcare 

providers.  

This influence of QI on behaviour will likely improve care delivery.   

QI is unlikely to cause negative unintended consequences. 

QI=quality indicator  

 

10.6 RESULTS 

 

10.6.1 Search results 

The literature search retrieved 2954 articles, of which 441 met the inclusion criteria (Figure 1). 

These articles were used to extract a total of 352 candidate QIs (17 related to structure, 162 to 

process and 173 related to outcomes) before the first voting round. Of these 34 QIs (19 related 

to process and 15 related to outcomes) were selected by the end of the second round (Table 3). 

Over 93% of the Working Group members agreed on this final set of QIs in the third voting 

round.   

 

Figure 1. PRISMA flow diagram for selection of included studies 
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Table 3. Primary (green) and secondary (yellow) quality indicators for the diagnosis and 

management of AF.  

Code Quality Indicators 

 Domain 01: Patient assessment (at baseline and follow-up) 

01MQI1 Proportion of patients with cardioembolic risk assessment using CHA2DS2-

VASc score 

01MQI2 Proportion of patients with bleeding risk assessment using a validated method, 

such as the HAS-BLED score 
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01MQI3 Proportion of patients with a measurement of their serum creatinine (or 

creatinine clearance) 

01SQI1 Proportion of people ≥65 years of age with risk factors for AF who have pulse 

check 

01SQI2 Proportion of patients with atrial high-rate episodes (AHREs) detected on 

implantable cardiac devices who undergo further cardiovascular evaluation 

01SQI3 Proportion of cryptogenic stroke patients who have been screened for AF 

01SQI4 Proportion of patients with an ECG documentation of AF  

01SQI5 Proportion of patients who have been engaged in shared decision-making when 

deciding treatment strategy 

 Domain 02: Anticoagulation 

02MQI1 Proportion of patients who are appropriately prescribed anticoagulation 

according to CHA2DS2-VASc score* 

02MQI2 Proportion of patients with a CHA2DS2-VASc score of 0 for men and 1 for 

women who are inappropriately prescribed long-term anticoagulation 

02MQI3 Proportion of patients with ‘appropriate anticoagulation’ at every follow-up 

visit, defined as: 

a. Time in therapeutic range TTR** ≥70% for vitamin-K 

antagonist. 

b. Appropriate dose for NOAC according to manufacturer 

recommendations. 

 Domain 03: Rate control 

03MQI1 Proportion of patients with permanent AF (i.e. where no attempt to restore sinus 

rhythm is planned), who are inappropriately prescribed antiarrhythmic drugs  

03SQI1 Proportion of patients with LVEF <40% who are inappropriately prescribed 

non-dihydropyridine calcium channel blockers  

 Domain 04: Rhythm control 

04MQI1 Proportion of patients with structural heart disease who are inappropriately 

prescribed class IC antiarrhythmic drugs  
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04MQI2 Proportion of patients with end-stage kidney disease who are inappropriately 

prescribed dofetilide or sotalol  

04MQI3 Proportion of patients with symptomatic paroxysmal or persistent AF who are 

offered AF catheter ablation after failure of, or intolerance to, one class I or class 

III antiarrhythmic drug 

04SQI1 Proportion of patients with complete electrical isolation of the PVs during AF 

catheter ablation procedures 

04SQI2 Proportion of patients with new onset persistent AF who are offered 

cardioversion 

 Domain 05: Risk factor management 

05MQI1 Proportion of patients who have their modifiable risk factors identified 

 Domain 06: Outcomes 

 Sub-domain 06.1: Consequences of the disease 

06.1MQI1 Annual rate of all-cause mortality***  

06.1MQI2 Annual rate of ischaemic stroke or transient ischaemic attack*** 

06.1SQI1 Annual rate of cardiovascular mortality*** 

06.1SQI2 Annual rate of cardiovascular hospitalization *** 

06.1SQI3 Annual rate of overall thromboembolic event *** 

06.1SQI4 Annual rate of clinician-reported symptom status assessment 

 Sub-domain 06.2: Consequences of treatment 

06.2MQI1 Annual rate of life-threatening or major bleeding events 

06.2MQI2 Annual rate of procedure-related 30-day mortality  

06.2MQI3 Annual rate of procedure-related major complications or drug-related serious 

adverse events 

06.2SQI1 Annual rate of haemorrhagic stroke 

 Sub-domain 06.3: Patient-reported outcomes 

06.3MQI1 Proportion of patients with health-related quality of life assessment  



 

 

224 

06.3SQI1 Proportion of patients with patient-reported symptom status assessment  

06.3SQI2 Proportion of patients with physical function assessment  

06.3SQI3 Proportion of patients with emotional wellbeing (including anxiety and 

depression) assessment  

06.3SQI4 Proportion of patients with cognitive function assessment  

*Appropriateness of anticoagulation prescription is defined as CHA2DS2-VASc score of ≥1 

for men and ≥2 for women in the 2020 ESC Guidelines (REF). The 2014 ACC/AHA 

Guidelines (and 2019 focused update) define anticoagulation prescription appropriateness and 

CHA2DS2-VASc score of ≥2 for men and ≥3 for women247, 251.  

**TTR calculated using Rosendaal method. 

***Crude and risk-adjusted rates (risk-adjustment should, as a minimum, consider age, sex, 

and comorbidities. 

 

The domains for AF care identified by the Working Group were: 1) Patient assessment 

(baseline and follow-up), 2) Anticoagulation therapy, 3) Rate control strategy, 4) Rhythm 

control strategy, 5) Risk factor management, and 6) Outcome measures (including PROMs). 

For each domain main, and for some secondary, QIs have been developed. Figure 2 shows the 

main QIs according to their respective domain of care. The full set of main and secondary QIs, 

alongside their definitions, proposed measurement period (the timepoint at which the 

assessment is performed), proposed measurement duration (the time frame needed for enough 

cases to be collected), and when applicable, the corresponding ESC Clinical Practice 

Guidelines recommendations are illustrated in APPENDIX 4. For each QI, a unique code was 

developed using the domain number and indicating whether the QI is main or secondary. 
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Figure 2. Domains of AF care with their respective main quality indicators 

 
AAD, antiarrhythmic drug; AF, atrial fibrillation; CA, catheter ablation; ESRD, end-stage 

renal disease; HRQoL, health-related quality of life; NOAC, non-vitamin K antagonist oral 

anticoagulant; OAC, oral anticoagulants; TTR, time in therapeutic range; TIA, transient 

ischaemic attack 

 

10.6.2 Quality Indicators  

10.6.2.1 Domain 1: Patient assessment (baseline and follow-up) 

Stroke prevention is the cornerstone of the AF patient management pathway, and ‘Avoid 

Stroke/Anticoagulation’ is the ‘A’ of the ABC pathway253, within the 2020 ESC guidelines240.   
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Stroke risk in AF is not homogeneous and depends on the presence of various stroke risk 

factors254.  The CHA2DS2-VASc score is recommended to assess stroke risk where the default 

should be to offer stroke prevention, unless the patient is low risk; hence use the CHA2DS2-

VASc score to initially define low risk patients (CHA2DS2-VASc score 0 in males, 1 in 

females) who do not need antithrombotic therapy (indicator 01MQI1). The subsequent step is 

to offer stroke prevention in those with 1 or more risk factors (CHA2DS2-VASc score ≥1 in 

males, ≥2 in females). Since stroke risk is dynamic, and influenced by ageing and incident risk 

factors, risk reassessment should occur at every follow-up visit255.   

 

Bleeding risk also changes over time and should also be assessed at every patient contact, 

initially to identify modifiable bleeding risks that should be mitigated, and to identify the ‘high 

bleeding risk’ patient who should be scheduled for early follow-up256 (indicator 01MQI2). 

Based on a Patient-Centered Outcomes Research Institute (PCORI) systematic review and 

01MQI1: Proportion of patients with cardioembolic risk assessment using CHA2DS2-

VASc score  

Numerator: Number of patients with AF who have their CHA2DS2-VASc score documented 

at the time of diagnosis and at every follow up appointment.   

Denominator: Number of patients with AF.   

01MQI2: Proportion of patients with bleeding risk assessment using a validated method, 

such as the HAS-BLED score 

Numerator: Number of patients with AF  who have their bleeding risk assessment 

documented at the time of diagnosis and at every follow up appointment using a validated 

bleeding risk score.  

Denominator: Number of patients with AF.   

01MQI3: Proportion of patients with a measurement of their serum creatinine (or 

creatinine clearance) 

Numerator: Number of patients with AF who have their serum creatinine checked at the time 

of diagnosis and at every follow up appointment. 

Denominator: Number of patients  with AF.   
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evidence appraisal, the best validated bleeding risk score is the HAS-BLED score257. While 

stroke and bleeding risks track each other, the evidence shows that a formal bleeding risk score 

(HAS-BLED) is superior to stroke risk scores (e.g. CHADS2, CHA2DS2-VASc) for assessing 

bleeding risk258, 259. A strategy for dynamic bleeding risk assessment using the HAS-BLED 

score has been shown to reduce bleeding risk and to increase oral anticoagulation (OAC) use260.   

 

Given that renal function has implications for both stroke and bleeding risk261, as well as 

prescriptions of OAC (choice of agent and dose), regular measurements of serum creatinine 

or creatinine clearance (based on the Cockroft-Gault formula) are needed, the frequency of 

which is determined by the renal function at baseline262  (indicator 01MQI3).   
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Asymptomatic AF is associated with a higher risk of stroke and mortality compared to 

symptomatic AF263-266. An observational study indicated that the application of standard care 

treatments for subclinical AF detected on screening improves outcomes266 and a systematic 

review and economic analysis suggested that screening programmes for AF are likely to 

represent a cost-effective use of resources267. Thus, screening for AF amongst people ≥65 years 

01SQI1: Proportion of people ≥65 years of age with risk factors for AF who have pulse 

check 

Numerator: Number of people ≥65 years of age with risk factors for AF who have a 

documentation of pulse check (or ECG) to identify rhythm. 

Denominator: Number of people ≥65 years of age with risk factors for AF. 

01SQI2: Proportion of patients with atrial high-rate episodes (AHREs) detected on 

implantable cardiac devices who undergo further cardiovascular evaluation 

Numerator: Number of patients with AHREs detected on implantable cardiac devices who 

have documentation of complete cardiovascular evaluation. 

Denominator: Number of patients with atrial high-rate episodes detected on implantable 

cardiac devices. 

01SQI3: Proportion of cryptogenic stroke patients who have been screened for AF 

Numerator: Number of patients with cryptogenic stroke* who have documentation of AF 

screening using continuous ECG recording.  

Denominator: Number of patients with cryptogenic stroke with no previous history of AF 

01SQI4: Proportion of patients with an ECG documentation of AF  

Numerator: Number of patients with AF who have a documentation of an ECG confirming 

AF diagnosis. 

Denominator: Number of patients with AF.   

01SQI5: Proportion of patients who have been engaged in shared decision-making when 

deciding treatment strategy 

Numerator: Number of patients with AF who have a documentation of patient engagement 

when deciding treatment strategy. 

Denominator: Number of patients with AF.   
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of age by checking their pulse may have therapeutic implications as these individuals need to 

be considered for thromboprophylaxis (indicator 01SQI1).  

 

To that end, atrial high rate episodes (AHRE) detected by implanted cardiac devices, which 

may represent asymptomatic AF, should be investigated268, 269. Ideally, AHRE detection should 

be performed at every device interrogation, including home monitoring transmission as it 

determines whether or not subclinical AF is confirmed and whether anticoagulation and/or 

regular follow-up is warranted240, indicator 01SQI2. Furthermore, the detection of previously 

unknown AF following a stroke has relevant implications for secondary prevention270, 271. 

Thus, it is recommended to screen for AF following a cryptogenic stroke240, 272-274 (indicator 

01SQI3). 

 

However, screening for AF should be accompanied by confirming the diagnosis by traditional 

means, such as by 12-lead ECG or >30 seconds recording of a single-lead ECG, Holter monitor, 

or event recorder (indicator 01SQI4). Following the diagnosis, a dialogue between treating 

physician and patient to ensure patient involvement in decision-making is recommended240, 275. 

Thus, the indicator 01SQI5 captures shared decision-making when deciding on the treatment 

strategy.  

 

10.6.2.2 Domain 2: Anticoagulation 

Oral anticoagulation is an essential  part of AF management and the ESC 2020 guidelines 

recommend oral anticoagulation for stroke prevention in males with CHA2DS2-VASc scores 

of ≥1, and females with scores ≥2240.  Accordingly, it is important that a set of QIs to 

regularly assesses the proportion of patients with CHA2DS2-VASc score ≥1 in males, ≥2 in 

females who are offered stroke prevention (indicator 02MQI1), as well as the inappropriate 

use of long-term antithrombotic therapy in low risk patients (CHA2DS2-VASc score 0 in 

males, and 1 in females) (indicator 02MQI2). 

 



 

 

230 

02MQI1: Proportion of patients who are appropriately prescribed anticoagulation 

according to CHA2DS2-VASc score**  

Numerator: Number of patients with AF who have CHA2DS2-VASc score of ≥1 for men or 

≥2 for women and are prescribed anticoagulation for AF**. 

Denominator: Number of patients with AF who have CHA2DS2-VASc score of ≥1 for men 

or ≥2 for women and are eligible for anticoagulation with no contraindication or refusal**. 

02MQI2: Proportion of patients with a CHA2DS2-VASc score of 0 for men and 1 for 

women who are inappropriately prescribed long-term anticoagulation 

Numerator: Number of patients with AF who have CHA2DS2-VASc score of 0 for men or 1 

for women and are inappropriately prescribed long-term anticoagulation for AF.  

Denominator: Number of patients with AF who have CHA2DS2-VASc score of 0 for men 

and 1 for women and do not have other indication for anticoagulation. 

02MQI3: Proportion of patients with ‘appropriate anticoagulation’ at every follow-up 

visit, defined as: 

c. Time in therapeutic range TTR ≥70% for vitamin-K antagonist. 

d. Appropriate dose for NOAC according to manufacturer 

recommendations***. 

Numerator: Number of patients with AF who are appropriate anticoagulation defined as TTR 

≥70% for vitamin-K antagonist, or appropriate dose for NOAC according to manufacturer 

recommendations***. 

Denominator: Number of patients with AF on anticoagulation.  

**Appropriateness of anticoagulation prescription is defined as CHA2DS2-VASc score of ≥1 

for men and ≥2 for women in the 2020 ESC Guidelines240. The 2014 ACC/AHA Guidelines 

(and 2019 focused update) define anticoagulation prescription appropriateness and 

CHA2DS2-VASc score of ≥2 for men and ≥3 for women247, 251.  

***Manufacturer recommendations are defined in APPENDIX 5. 

 

Assessment of the quality of anticoagulation is also important. If patients are taking a non-

vitamin K antagonist oral anticoagulant (NOAC), the label-adherent dose of the respective 

NOAC should be prescribed and the proportion appropriately dosed is indicative of quality of 

care.  Regular audits should be performed to ensure that under- or over-dosing of the respective 
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NOAC does not occur, given the association with worse outcomes276-278 (indicator 02MQI3). 

Oral anticoagulation can also be offered as well-managed vitamin K antagonist (VKA) (e.g., 

warfarin, acenocoumarol, phenprocoumon etc.), with a high (≥70%) time in therapeutic range 

(TTR) calculated using Rosendaal method, with INR 2.0-3.0.  High TTR has been associated 

with low rates of stroke and bleeding, as well as reduced mortality279-281. Thus, the proportion 

of patients with TTR ≥70% is a good QI of anticoagulation control for patients on VKA. 

 

10.6.2.3 Domain 3: Rate control  

Rate control is an integral part of AF management, and may be sufficient to improve AF-related 

symptoms282. In patients for whom a decision has been made not to restore or maintain sinus 

rhythm (permanent AF), rate control can be achieved by rate-limiting medications (e.g., beta-

blockers, digoxin, diltiazem, or verapamil). The use of antiarrhythmic drugs, such as 

amiodarone, dronedarone, or sotalol for rate-control is not recommended when no attempts to 

restore sinus rhythm is planned283-286 (indicator 03MQI1). 

 

 

The use of certain types of rate control drugs, such as non-dihydropyridine calcium channel 

blockers can influence outcomes in patients with heart failure and/or left ventricular ejection 

03MQI1: Proportion of patients with permanent AF (i.e. where no attempt to restore 

sinus rhythm is planned), who are inappropriately prescribed antiarrhythmic drugs$  

Numerator: Number of patients with permanent AF who are prescribed one or more 

antiarrhythmic drugs$ for rhythm control.    

Denominator: Number of patients with permanent AF. 

03SQI1: Proportion of patients with LVEF <40% who are inappropriately prescribed 

non-dihydropyridine calcium channel blockers 

Numerator: Number of patients with AF who have LVEF <40% and/or decompensated heart 

failure, and are inappropriate prescription of non-dihydropyridine calcium channel blockers. 

Denominator: Number of patients with AF who have LVEF <40% and/or decompensated 

heart failure. 
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fraction (LVEF) of £40%226, 287. Thus the indicator 03SQI1, evaluates the inappropriate use of 

non-dihydropyridine calcium channel blockers in AF patients with concomitant reduced 

LVEF288. 

 

10.6.2.4 Domain 4: Rhythm control 

Rhythm control therapy is central for the reduction and/or relief of AF symptoms and 

improvement of patients’ quality of life (QoL)289-291. Given that the safety profile of an 

antiarrhythmic agent is a major determinant of treatment choice, the Working Group selected 

QIs based on this notion. Certain antiarrhythmic drugs have major contraindications that 

increase the likelihood of adverse events, such as the presence of structural heart disease (for 

instance ischemic heart disease, LV dysfunction and/or significant cardiomyopathy) for class 

IC antiarrhythmic drugs (indicator 04MQI1), and advanced chronic kidney disease for 

dofetilide and sotalol (indicator 04MQI2)240.   

 

04MQI1: Proportion of patients with structural heart disease who are inappropriately 

prescribed class IC antiarrhythmic drugs 

Numerator: Number of patients with AF who have structural heart disease and are 

inappropriately prescribed class IC antiarrhythmic drugs. 

Denominator: Number of patients with AF who have structural heart disease 

04MQI2: Proportion of patients with end-stage kidney disease who are inappropriately 

prescribed dofetilide or sotalol 

Numerator: Number of patients with AF who have end-stage kidney disease and/or on 

dialysis$$ and are inappropriately prescribed dofetilide or sotalol. 

Denominator: Number of patients with AF who have end-stage kidney disease, including 

patients on dialysis. 

04MQI3: Proportion of patients with symptomatic paroxysmal or persistent AF who are 

offered AF catheter ablation after failure of, or intolerance to, one class I or class III 

antiarrhythmic drug 
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Numerator: Number of patients with paroxysmal or persistent AF who are offered catheter 

ablation after the failure of, or intolerance to, one class I or class III antiarrhythmic drug. 

Denominator: Number of patients with paroxysmal or persistent AF with no 

contraindications (or refusal) to catheter ablation who remain symptomatic on, or intolerant 

to, one class I or class III antiarrhythmic drug. 

 

Catheter ablation is effective in maintaining sinus rhythm and improving symptoms in 

patients with AF292-303. Ablation is generally recommended in symptomatic patients after 

failure or intolerance to one class I or class III antiarrhythmic drugs (indicator 04MQI3). 

Several factors may influence the decision between conservative and invasive treatment for 

AF, including age, AF duration, left atrial size, co-morbidities, and substrate visualization by 

cardiac magnetic resonance304-310. Ultimately, patient preference supported by treating 

physician recommendation are the main determinants of the type of rhythm control strategy 

employed240, 275.   

 

04SQI1: Proportion of patients with complete electrical isolation of the PVs during AF 

catheter ablation procedures 

Numerator: Number of patients with AF who have complete electrical isolation (entrance 

and exit block) of the PVs during AF catheter ablation procedures. 

Denominator: Number of patients with AF treated with catheter ablation procedures. 

04SQI2: Proportion of patients with new onset persistent AF who are offered 

cardioversion 

Numerator: Number of patients with new onset persistent AF who are haemodynamically 

stable and are offered cardioversion. 

Denominator: Number of patients with new onset persistent AF who are haemodynamically 

stable and in whom attempts to restore sinus rhythm were deemed appropriate.  
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A QI to assess the complete electrical isolation (entrance and exit block) of the pulmonary 

veins during AF catheter ablation procedures (indicator 04SQI1) was developed given that this 

is the desired outcome of AF ablation292, 296, 297, 311-322. In addition, the indicator 04SQI2 

assesses the consideration of cardioversion for patients with new onset persistent AF.  

 

10.6.2.5 Domain 5: Risk factor management 

The Working Group considered the role of risk factors in AF and developed a QI accordingly 

(indicator 05MQI1). Recent research has highlighted the potential benefits of risk factor 

management as upstream non-invasive therapy to lower the risk of AF progression and 

recurrence323-329. A large proportion of these risk factors are lifestyle related and, therefore, 

are amenable to be targeted and modified330. It is recommended that in the assessment of AF 

patients, practitioners actively evaluate and document these modifiable risk factors, such as 

smoking, obesity323, 325, 331, physical inactivity332-334, alcohol intake328, 335-337, sleep338 apnea339, 

340, hypertension338, 341, 342 and poor glycaemic control343. Where necessary, appropriate 

education, support, and intervention (e.g., smoking cessation options, continuous positive 

airway pressure (CPAP), exercise prescription, etc.) can be provided to the patient to address 

the risk factors that may improve health outcomes. 

 

05MQI1: Proportion of patients who have their modifiable risk factors identified 

Numerator: Number of patients with AF who have their modifiable risk factors (e.g., blood 

pressure, obesity, obstructive sleep apnoea, alcohol excess, lack of exercise, poor glycaemic 

control and smoking) identified.  

Denominator: Number of patients with AF. 

 

 

10.6.2.6 Domain 6: Outcome measures 

10.6.2.6.1 Consequences of the disease 
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Reducing the risk of death is one of the primary aims of AF management, and healthcare in 

general240. As such, annual assessment of crude and risk-adjusted rates of all-cause mortality 

is recommended (indicator 06.1MQI1). Risk-adjustment should, as a minimum, consider age, 

sex, and comorbidities. In addition, the inclusion of lifestyle factors (e.g., smoking status, 

body mass index, physical activity, and alcohol intake) provides a better insight to the 

adjustment process. Given that ischaemic stroke is a major complication of AF and, that most 

AF patients (CHA2DS2-VASc score of ³1 in men and ³2 in women) will be eligible for 

stroke prevention, the overall and risk-adjusted annual incidence of stroke and, separately, 

transient ischaemic attack should be recorded as QI (indicator 06.1MQI2). Other outcomes 

measures, which may provide an illustration of the quality of AF care include, the rate of 

cardiovascular mortality (indicator 06.1SQI1), cardiovascular hospitalization (indicator 

06.1SQI2), overall thromboembolic events (indicator 06.1SQI3), and clinician-reported AF 

symptom status (indicator 06.1SQI4). 

 

06.1MQI1: Annual rate of all-cause mortality*  

Numerator: Number of patients with AF who died during the measurement duration.  

Denominator: Number of patients with AF.  

06.1MQI2: Annual rate of ischaemic stroke or transient ischaemic attack* 

Numerator: Number of patients with AF who had documented ischaemic stroke or transient 

ischaemic attack during the measurement duration.  

Denominator: Number of patients with AF.  

*Crude and risk-adjusted rates (risk-adjustment should, as a minimum, consider age, sex, and 

comorbidities. 

 

In the ABC pathway of AF management mentioned above, the ‘B’ component pertains to 

‘better’ symptom management253. Many AF patients may not be overtly symptomatic. 

However, assessment of AF-related symptoms can be a useful subjective measure of both the 

clinical consequences of AF and the success of rate- and rhythm-control treatment from the 

patients’ perspective. Using a validated method, such as the modified European Heart 
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Rhythm Association (EHRA) score344 is recommended to assess symptom status (indicator 

06.1SQI4). 

 

06.1SQI1: Annual rate of cardiovascular mortality* 

Numerator: Number of patients with AF who died from cardiovascular cause during the 

measurement duration. 

Denominator: Number of patients with AF.  

06.1SQI2: Annual rate of cardiovascular hospitalization* 

Numerator: Number of patients with AF who had unplanned hospitalization for a 

cardiovascular cause during the measurement duration. 

Denominator: Number of patients with AF.  

06.1SQI3: Annual rate of overall thromboembolic events* 

Numerator: Number of documented AF-related thromboembolic events during the 

measurement duration. 

Denominator: Number of AF patients. 

06.1SQI4: Annual rate of clinician-reported symptom status assessment  

Numerator: Number of patients with AF who had their clinician-reported symptom status 

assessed using a validated tool (e.g., EHRA symptom score) during the measurement 

duration. 

Denominator: Number of patients with AF. 

*Crude and risk-adjusted rates (risk-adjustment should, as a minimum, consider age, sex, and 

comorbidities. 

 

10.6.2.6.2 Complications of treatment 

OAC treatment conveys an increased risk of major bleeding. However, bleeding 

complications can also occur in the absence of OAC treatment345.  The incidence of life-

threatening or major bleeding events, defined by the International Society of Thrombosis and 
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Haemostasis criteria,346, 347 should be reported annually as a QI (indicator 06.2MQI1). The 

annual rate of haemorrhagic stroke is of particular importance (indicator 06.2SQI1) and 

should be documented as a QI.  

 

06.2MQI1: Annual rate of life-threatening or major bleeding events& 

Numerator: Number of patients with AF who are on anticoagulation and had documented 

life-threatening or major bleeding events during the measurement duration. 

Denominator: Number of patients with AF on anticoagulation.  

06.2MQI2: Annual rate of procedure-related&& 30-day mortality  

Numerator: Number of patients with AF who died due to an invasive procedure for AF 

management during the measurement duration.  

Denominator: Number of patients with AF treated with invasive procedures.  

06.2MQI3: Annual rate of procedure-related&& major complications or drug-related 

serious adverse events$ 

Numerator: Number of patients with AF who had documented major procedural 

complications and/or drug-related serious adverse events during the measurement duration.  

Denominator: Number of patients with AF. 

06.2SQI1: Annual rate of haemorrhagic stroke  

Numerator: Number of patients with AF who had documented haemorrhagic stroke during 

the measurement duration.  

Denominator: Number of patients with AF on anticoagulation. 

 

AF procedure-related deaths occurring within the first 30 days following catheter-based 

ablation, surgical ablation procedure, hybrid catheter and surgical ablation, left atrial 

appendage closure/occlusion (device), left atrial appendage ligation/excision (surgical), 

electrical cardioversion, or pacemaker implantation, should be reported annually as a QI 

(indicator 06.2MQI2). Furthermore, any procedure-related major complication or drug-related 

serious adverse event, defined as any untoward medical occurrence that results in death, life-
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threatening outcomes, hospitalization (initial inpatient hospitalization or prolongation of 

existing hospitalization for ³24h), or permanent injury, should be reported in real-time 

according to local or national policy, and annually as a marker of quality (indicator 06.2MQI3). 

Although a single QI is suggested for procedural complications (e.g., atrio-oesophageal fistula, 

cardiac tamponade, PV stenosis, phrenic nerve palsy, etc.), and drug-related adverse events 

(e.g., arrhythmias, sudden cardiac death, etc.), individual events may be collected in each centre 

for local monitoring and between centre comparisons.    

 

10.6.2.6.3 Patient-reported outcomes 

PROMs are important determinants of the patients’ perceived quality and success of 

treatment348-350. The 2020 ESC guidelines recommend that patient-reported outcomes should 

be routinely collected to measure treatment success and improve patient care240. Health-

related quality of life (HRQoL) is considered the main QI and should be assessed at baseline 

and at follow-up visits (indicator 06.3MQI1).   

 

Several validated tools are available to measure general HRQoL351 (e.g., the Short-Form 12 

[SF-12])352, while others specifically measure AF-specific HRQoL353 (e.g., the Atrial 

Fibrillation Effect on QualiTy of life [AFEQT] or the Atrial Fibrillation Severity Scale 

[AFSS])354-357. Both the SF-12 and the AFEQT are validated, psychometrically robust 

assessments of HRQoL, and are recommended by the International Consortium of Healthcare 

Outcome Measures (ICHOM) for AF 358.  Regardless of which validated tool is employed, it 

is important that the same PROM is used consecutively to assess HRQoL to permit temporal 

comparison of scores and allow the determination of response to treatment. 

 

06.3MQI1: Proportion of patients with health-related quality of life assessment 

Numerator: Number of patients with AF who have their health-related quality of life assessed 

at the time of diagnosis and least annually afterwards using a validated instrument.  

Denominator: Number of patients with AF. 
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06.3SQI1: Proportion of patients with patient-reported symptom status assessment 

Numerator: Number of patients with AF who have their patient-reported symptom status 

assessed at the time of diagnosis and least annually afterwards using a validated instrument.  

Denominator: Number of patients with AF.  

06.3SQI2: Proportion of patients with physical function assessment 

Numerator: Number of AF patients who have their physical function assessed at the time of 

diagnosis and at every follow up appointment using a validated instrument.  

Denominator: Number of AF patients. 

06.3SQI3: Proportion of patients with emotional wellbeing (including anxiety and 

depression) assessment  

Numerator: Number of patients with AF who have their emotional wellbeing (including 

anxiety and depression) assessed at the time of diagnosis and at every follow up appointment 

using a validated instrument.  

Denominator: Number of patients with AF. 

06.3SQI4: Proportion of patients with cognitive function assessment  

Numerator: Number of patients with AF who have their cognitive function assessed at the 

time of diagnosis and at least annually afterwards using a validated instrument.  

Denominator: Number of patients with AF. 

 

Determining the impact of AF and its treatment on the patient are important considerations in 

the management of AF and may contribute to patient and healthcare provider decisions 

regarding continuation/cessation of certain treatments and/or initiating alternatives. In addition 

to HRQoL, the assessment of other PROMs, such patient reported symptom status (indicator 

06.3SQI1), physical functioning (indicator 06.3SQI2), emotional wellbeing (indicator 

06.3SQI3), and cognitive function (indicator 06.3SQI4), could also be considered. The 

assessment of HRQoL, patient-reported symptom status, physical functioning and emotional 

wellbeing is recommended at baseline and once to twice annually, while the assessment of 

cognitive function is recommended at baseline and annually thereafter, given that it may show 

little variation over a shorter period of time. Validated tools, such as the ones recommended by 
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the ICHOM for AF358 (PROMIS Global Health for physical and emotional wellbeing, and 

PROMIS for cognitive function) can be used.   

 

10.7 Comparison with other quality metrics 

Table 4 shows a comparison between the 2020 ESC QIs for AF and quality metrics from other 

professional organisations, such as the American College of Cardiology and the American 

Heart Association (ACC/AHA), the National Institute for Clinical Excellence (NICE), the 

Canadian Cardiovascular Society (CCS), and ICHOM. There are major differences between 

the process QIs proposed here, and those developed by ACC/AHA, NICE and CCS. These 

differences may be explained by the variation in Clinical Practice Guidelines endorsed by 

different societies and/or local needs to address certain gaps in AF care. Outcome QIs were 

relatively similar compared to those proposed by ICHOM.  

 

Table 4. Comparison between the 2020 ESC AF QIs, and the ACC/AHA, NICE, CCS, and 

ICHOM indicators for AF.  

Green colour represent measures with similar definition; orange represent measures with 

different definitions, and white represent no corresponding measure.  

Domain  2020 ESC QIs 2016 

ACC/AHA 

2017 

NICE  

2019 

CCS 

2020 

ICHOM 

Patient 

assessment (at 

baseline and 

follow-up) 

CHA2DS2-VASc score risk 

assessment  

    

Bleeding risk assessment      

Serum creatinine      

Screening people ≥65 years of age 

with risk factors for AF  

    

Evaluating AHREs detected on 

implantable cardiac devices  
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Screening for AF after cryptogenic 

stroke  

    

ECG documentation of AF diagnosis     

Shared decision-making when 

deciding treatment strategy 

    

Anticoagulation Anticoagulation with CHA2DS2-

VASc score ≥ 1 for men and ≥ 2 for 

women  

    

Inappropriate anticoagulation with 

CHA2DS2-VASc score 0 for men and 

1 for women 

    

Appropriate anticoagulation (TTR 

≥70%  or appropriate NOAC dose) 

    

Rate control Inappropriate AAD use for patients 

with permanent AF  

    

Inappropriate non-dihydropyridine 

CCBs use for patients with LVEF 

<40%  

    

Rhythm control Inappropriate class IC AAD use for 

patients with structural heart disease 

    

Inappropriate dofetilide or sotalol use 

for patients with end-stage kidney 

disease  

    

Offering CA for symptomatic 

paroxysmal or persistent AF after 

single AAD failure  

    

Complete PVs electrical isolation 

during all AF CA procedures 
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Cardioversion for patients with new 

onset AF  

    

Risk factor 

management 

Identifying modifiable risk factors for 

AF patients   

    

Outcomes: 

Consequences 

of the disease 

Rate of all-cause mortality      

Rate of ischaemic stroke or TIA      

Rate of CV mortality     

Rate of CV hospitalization      

Rate of overall thromboembolic event      

Rate of clinician-reported symptom 

status assessment 

    

Outcome: 

Consequences 

of treatment 

Rate of life-threatening or major 

bleeding events 

    

Rate of procedure-related 30-day 

mortality  

    

Rate of procedure-related major 

complications or drug-related serious 

adverse events 

    

Rate of haemorrhagic stroke     

Outcome: 

Patient-

reported 

outcomes 

Assessment of health-related quality 

of life assessed 

    

Assessment of patient-reported 

symptom status  

    

Assessment of physical function      

Assessment of emotional wellbeing 

(including anxiety and depression)  

    

Assessment of cognitive function      
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AAD=anti-arrhythmic drug; ACC=American College of Cardiology; AF=atrial fibrillation; 

AHA=American Heart Association; AHRE=atrial high-rate episodes; CA=catheter ablaton; 

CCB=calcium-channel blockers; CCS=Canadian Cardiovascular Society; 

CV=cardiovascular; ECG=electrocardiogram; ESC=European Society of Cardiology; 

ICHOM= International Consortium of Healthcare Outcome Measures, LVEF=left ventricular 

ejection fraction; NICE=National Institute for National Excellence, NOAC=Non-vitamin k 

oral anti-coagulant; PVs=pulmonary veins; QI=quality indicator; TIA=transient ischaemic 

attack; TTR-time in therapeutic range;  

 

10.8 Discussion  

 

Evaluating the quality of care delivered and measuring meaningful outcomes of both the 

condition and its treatment have become an essential element of modern health care359. AF is 

the most common cardiac arrhythmia, affecting 2-4% of the population, and is a major cause 

of significant morbidity360. Although evidence suggests that adherence to guideline 

recommended therapies for AF is associated with improved outcomes361, 362, data from AF 

registries continue to show room for improvement and significant geographical variation in AF 

quality of care and outcomes277, 278, 363-376. QIs have been developed to evaluate the quality of 

AF care235, 237, 239, 248, 377. Furthermore, QIs provide the mechanism to assess the effectiveness 

of quality improvement initiatives161. However, standardized measures to facilitate ongoing 

efforts to quantify the adherence to guidelines are needed. 

 

The present document is the first effort undertaken by the ESC to develop a set of QIs to assess 

the quality of care for patients with AF. Using the ESC methodology for QIs development241, 

we have established a comprehensive set of QIs for AF care, which are supported by evidence 

and underpinned by expert consensus. Thus, they provide tools to quantify the quality of AF 

care and can be used as a basis for quality improvement. The simultaneous development of the 

ESC AF QIs and the ESC Clinical Practice Guidelines for AF facilitated seamless 

incorporation of QIs within the guidelines document. As such, a summary form of the 

developed QIs is embedded within the ESC Clinical Practice Guidelines for AF, with the hope 

to enhance their dissemination and, therefore, uptake into clinical practice240.  
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This document is the result of an international collaboration (12 countries) from seven 

professional societies/associations with a Working Group consisting of a wide range of 

stakeholders, including patients. In addition, the application of ESC criteria ensured that 

developed QIs are not only based on evidence, but also cover broad aspects of AF care where 

there is gap in care delivery, potential for quality improvement, and the availability of reliable 

data collection sources. To that end, different types of QIs including structural, process and 

outcome indicators243 were included in the initial set of candidate QIs.  

 

The Working Group, however, considered structural QIs, such as the volume of catheter 

ablation cases for centres and individual operators not to be directly under the control of 

healthcare providers. Thus, structural QIs, although important, were given less priority 

compared to other process ones which may influence providers’ behaviour and practice and 

were not included in the final set of indicators. Other QIs, such as the reintroduction of OAC 

after a severe bleeding event, once the condition leading to the bleeding event has been 

appropriately addressed279, 378, and the use of strict versus lenient rate-control treatment379 were 

proposed in the initial set of candidate QIs, but were deemed difficult to operationalise, and, 

thus, were not included.  

 

On the other hand, and to emphasise that improving outcomes is the ultimate aim of quality of 

care assessment (Figure 1), particular attention was given to outcome QIs. The term ‘outcome 

measures’ was used separately and in different variations in the systematic review search 

strategy (APPENDIX 3). The outcome QIs selected are applicable to all domains of AF care, 

and are in line with the recent ICHOM recommendations380.  

 

One important type of outcome QIs are PROMs, which are increasingly used in everyday 

practice. Although a structured methodology for developing and reporting PROMs exist381, 

there is uncertainty around the best instruments to collect such measures. By defining specific 

PROMs and recommending tools for their measurement, the Working Group hopes to promote 
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PROMs use in a systematic manner. However, developing outcome QIs to measure the results 

of PROMs assessment, as well as its temporal trends may not be feasible in contemporary 

practice. Thus, process QIs to measure and encourage PROMs assessment were developed 

instead.   

 

The Working Group acknowledges that high-quality evidence supporting PROMs use is 

limited, widely accepted tools to collect them are lacking, and little experience exist on how 

PROMs can guide AF treatment decisions. The same argument can be levelled at shared-

decision making in AF management. However, these aspects of AF care were deemed essential 

by the Working Group, thus QIs for PROMs and shared-decision making were developed.  

 

The patient’s perspective is a fundamental element of optimal AF care given that most therapies 

are aimed at improving patients’ symptoms, wellbeing, and overall quality of life. Measuring 

patient-centred outcomes in a standardized way may allow comparison of performance, allow 

clinicians to learn from each other, and improve the care we provide to our patients. However, 

further validation of the tools and methods used to collect patient’s perspective in routine 

clinical practice is needed. As such, these tools may be used to guide the development of, and 

the effect of, treatment strategies for AF patients.  

 

The methodology used for the selection of QIs has limitations. We relied on expert opinion to 

arrive at the final set of QIs following the comprehensive systematic review of the literature. 

A different panel of experts may have selected different QIs. We addressed this challenge by 

using the modified Delphi method, and involving AF specialists with different areas of 

expertise, as well as patients and representatives from AF patient associations.  

 

Another challenge is that, if considered in isolation, QIs may cause some unintended 

consequences, such as anticoagulation prescription for patients with very high bleeding risk or 

recommending catheter ablation for frail patients with major risk factors for AF recurrence. 
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We have sought to circumvent this issue by clearly defining eligible patients for each QI and 

specifying relevant exclusions. The suggested QIs are intended to drive a holistic patient 

assessments and tailor treatments to individual patient to improve patient care. More 

refinement of these QIs and/or their definitions may be needed in the future when more ‘real-

world’ and feasibility data become available.    

 

It is hoped that the developed set of QIs can be used in a wider quality assessment and 

improvement initiatives. As such, integration between different efforts (e.g., the ESC Clinical 

Practice Guidelines and registries), can be achieved and performance gaps addressed. Ongoing 

projects, such as  the European Unified Registries on Heart care Evaluation and Randomized 

Trials (EuroHeart) of the ESC382 or the Stroke prevention and rhythm 

control Therapy: Evaluation of an Educational Programme of the European society of 

cardiology in a cluster-Randomised trial in patients with Atrial Fibrillation (STEEER-AF) 

Study383 may favour the use of systematically developed QIs for future AF registries in Europe, 

which this statement uniquely provides.  

 

10.9 Conclusion 

This document defines 6 domains of AF care (patient assessment, anticoagulation, rate control, 

rhythm control, risk factor management and outcomes), and provides 17 main and 17 

secondary QIs for AF diagnosis and management. For each QI, relevant specifications were 

described to enhance their use in practice. The recommended set of QIs may facilitate the 

implementation of, and assess the adherence to, Clinical Practice Guidelines and enable 

institutions to monitor, compare and improve quality of care in patients with AF.  
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Chapter 11. European Society of Cardiology Quality Indicators for the care and 

outcomes of cardiac pacing  

Developed by the Working Group for Cardiac Pacing Quality Indicators in collaboration with 

the European Heart Rhythm Association of the European Society of Cardiology. 
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11.1 Summary of the publication: 

• Using the methodology described in Chapter 4, this paper presents the developed 

quality indicators for cardiac pacing.   

• Four domains of care were identified for cardiac pacing: (1) Structural framework, (2) 

Patient assessment, (3) Pacing strategy, and (4) Outcomes.  

• In total, 7 main and 4 secondary quality indicators were developed across these 

domains, and were included within the 2021 ESC Guidelines on cardiac pacing and 

cardiac resynchronisation therapy. 

 

11.2 Publication status  

• Published 29 August 2021  

• EP Europace, euab193, https://doi.org/10.1093/europace/euab193 

 

11.3 Abstract  

11.3.1 Aims  
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To develop a suite of quality indicators (QIs) for the evaluation of the care and outcomes for 

adults undergoing cardiac pacing. 

 

11.3.2 Methods and results  

Under the auspice of the Clinical Practice Guideline Quality Indicator Committee of the 

European Society of Cardiology (ESC), the Working Group for cardiac pacing QIs was formed. 

The Group comprised Task Force members of the 2021 ESC Clinical Practice Guidelines on 

cardiac pacing and cardiac resynchronisation therapy, members of the European Heart Rhythm 

Association (EHRA), international cardiac device experts, and patient representatives. We 

followed the ESC methodology for QI development, which involved 1) the identification of 

the key domains of care by constructing a conceptual framework of the management of patients 

receiving cardiac pacing, 2) the development of candidate QIs by conducting a systematic 

review of the literature, 3) the selection of the final set of QIs using a modified-Delphi method, 

and 4) the evaluation of the feasibility of the developed QIs. Four domains of care were 

identified: 1) structural framework, 2) patient assessment, 3) pacing strategy, and 4) outcomes. 

In total, seven main and four secondary QIs were selected across these domains, and were 

within the 2021 ESC Guidelines on cardiac pacing and cardiac resynchronisation therapy.  

 

11.3.3 Conclusion  

By way of a standardized process, 11 QIs for cardiac pacing have been developed. These 

indicators may be used to quantify adherence to guideline-recommended clinical practice and 

have the potential to improve the care and outcomes of patients receiving cardiac pacemakers.  

 

11.3.4 Keywords 

Cardiac pacemaker. Quality indicators. Clinical Practice Guidelines 
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11.4 Introduction  

Cardiac pacing is commonly used to reduce morbidity and mortality in patients with cardiac 

rhythm disturbances.384 Expanding pacing indications, aging population, and increased life 

expectancy have led to an increase in pacemaker implantation rates in recent years.385, 386 

However, large variations in the rates of implantation and  associated complications has been 

observed within and between countries.386, 387 According to the European Society of 

Cardiology (ESC) Cardiovascular Disease Statistics, in 2018/19 age and sex standardized 

implantation rates ranged from <60 to >1000 pacemakers per million people across the ESC 

member countries.2 Clinical registries provide an opportunity to capture real world 

naturalistic data on cardiac pacing to better understand variations and gaps in practice.387, 388 

However, there is a need to develop and standardize the tools by which the quality of care for 

cardiac pacing is evaluated and resultant outcomes monitored and reported. Such tools may 

integrate with and provide the means to develop clinical registries for cardiac pacing, as well 

as have the potential to improve patient outcomes.   

 

Quality indicators (QIs) are increasingly used to measure quality of medical care. They provide 

an opportunity to quantify geographic variation, and identify areas where quality improvement 

interventions are needed.13 The multifaceted nature of cardiac pacing care necessitates the 

adoption of a broad set of QIs that conceptualises the patient journey and enables the 

interpretation of the results of quality assessment. Furthermore, QIs may serve as a means of 

closing the second translational gap between evidence and practice and facilitate a unified 

approach to the appraisal of care using clinical registries.389  

 

While a few individual indicators for cardiac devices have been developed by the Centres for 

Medicare and Medicaid Services,390-392 we are not aware of any published set of QIs for cardiac 

pacing. This is in contrast with the established sets of QIs for other cardiovascular conditions, 

such as acute myocardial infarction,186 atrial fibrillation,187 and heart failure393, by various 

professional societies.162, 394 Therefore, the ESC established the Working Group for cardiac 

pacing QIs to work on the development of indicators of care quality for cardiac pacing in 

collaboration with the European Heart Rhythm Association (EHRA) and in parallel with the 

writing of the 2021 ESC Guidelines on cardiac pacing and cardiac resynchronisation therapy. 
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This was undertaken under the auspice of the Clinical Practice Guideline Quality Indicator 

Committee of the ESC. This article describes the process by which the ESC QIs for cardiac 

pacing have been developed and their measurement specifications.  

 

11.5 Methods  

The methodology by which the ESC develops QIs for the quantification of cardiovascular care 

and outcomes has been published.185 In brief, the methodology involves 1) the identification of 

the key domains of care by constructing a conceptual framework of the patients’ management, 

2) the development of candidate QIs by conducting a systematic review of the literature, 3) the 

selection of the final set of QIs using a modified-Delphi method, and 4) the evaluation of the 

feasibility of the developed QIs.185 

 

The term QI is used here to describe a discreet clinical situation in which a process of care is 

or is not recommended. Thus, a distinction between QIs and ‘performance measures’ is drawn 

given that different measurements of performance may be performed from the same QI 

depending on a specifications such as source of data collection and the development 

methodology employed.171 We propose that QIs include main and secondary indicators which 

can relate to the structure, process and outcomes of care.243 

 

11.5.1 Members of the Working Group 

The Working Group comprised members of the Task Force of the 2021 ESC Guidelines on 

cardiac pacing and cardiac resynchronisation therapy, members of the ESC Quality Indicator 

Committee, nominees from EHRA and the ESC Patient Forum, as well as international experts 

in cardiac devices. In total, 25 members from 13 countries participated in the Working Group, 

and attended a series of virtual meetings between November 2020 and March 2021.  

 

11.5.2 Target population  
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The Working Group defined the ‘target population’ for the developed QIs as patients for whom 

a decision has been made to implant a cardiac pacemaker for bradyarrhythmia indication in 

accordance with the 2021 ESC Guidelines on cardiac pacing and cardiac resynchronisation 

therapy.384 As such, patients with an indication for an implantable defibrillators and those 

undergoing device therapy for heart failure have been excluded. In addition, the definition used 

for the ‘target population’ excluded patients with undiagnosed bradyarrhythmia to facilitate the 

identification of a cohort of patients for whom the QIs may be applicable – thereby simplifying 

the operationalization of quality assessment when the QIs have been established.  

 

The Working Group defined, for each process QI, a denominator which describes the patient 

group eligible for the measurement, a numerator which outlines the criteria by which the QI is 

accomplished, a measurement period which specifies the time point at which the quality 

assessment is taking place, and a measurement duration which is the time frame needed for 

enough cases to be collected in order to accumulate meaningful data. For structural QIs, only 

numerator definitions were provided because these are binary (yes, no) measurements.186 

 

11.5.3 Literature review  

During the initial phases of the development process, the specifications for the literature review 

were agreed between the members of the Working Group. In addition, the members identified 

the key domains of cardiac pacing care by constructing a conceptual illustration of the care 

provision pathway, which formed the framework for the development of the QIs (Figure 1).185 
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Figure 1. Conceptual framework of cardiac pacing patient journey  

 

 

We conducted a literature search of articles pertinent to cardiac pacing including publications 

from clinical registries,386, 395 international guidelines,396, 397 as well as the Centres for Medicare 

and Medicaid Services indicators390-392 and societal recommendations.398 The literature review 

aimed to identify structural components, or processes, of cardiac pacing care that have a strong 

association with favourable patients’ outcomes, while the goal of the Clinical Practice 

Guidelines review was to assess the suitability of the class I and class III recommendations 

against the ESC criteria for QIs (Supplementary Table S1). 

 

Furthermore, and to help identify the optimal pacing strategy for patients requiring a de novo 

permeant pacemaker for bradyarrhythmia, a systematic review and meta-analysis was 

conducted simultaneously with the development of this document.399 This review highlighted 

that whilst novel pacing modalities such as His bundle pacing and left bundle branch area 

pacing maintain physiological ventricular activation, the published studies to date are limited 
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by their observational design or sample size and that comparative studies are needed to 

understand the impact of such pacing strategies on clinical outcomes.399 

 

11.5.4 Consensus development   

11.5.4.1 Modified Delphi process  

The candidate QIs derived from the aforementioned process were evaluated using the modified 

Delphi method.252, 400 The ESC criteria for QI development (Supplementary Table S1) were 

shared with the Working Group members prior to the voting in order to standardize the 

selection process. All candidate QIs were graded for validity and feasibility by each panellist 

via an online questionnaire using a 9-point ordinal scale.185, 401 Two rounds in total were 

conducted, with teleconferences in between to discuss the results of the vote and address any 

concerns or ambiguities.  

 

11.5.4.2 Analysing voting results  

A 9-point ordinal scale was used in the Delphi rounds. Ratings of 1 to 3 from the were 

interpreted as the QI was not valid/feasible, with ratings of 4 to 6 meaning that the QI was of 

an uncertain validity/feasibility and ratings of 7 to 9 that the QI was valid/feasible. For each 

candidate QI, the median and the mean deviation from the median were calculated to provide 

the central tendency and dispersion of votes. Cut offs for inclusion were similar to those 

reported in the literature.402 Thus, candidate QIs with median scores ≥ 7 for validity, ≥ 4 for 

feasibility, and with minimal inter-rater variation were included in the final set of QIs. We 

defined those QIs fulfilling the above numerical threshold for inclusion following the first 

voting round as the main QIs, while those fulfilling the numerical threshold for inclusion after 

a second round of voting as secondary QIs (Supplementary material). 

 

11.6 Results  

 

11.6.1 Domains of care 
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Four domains of cardiac pacing care were identified by the Working Group. These included: 

1) structural framework domain, which evaluates the characteristics of the centres providing a 

cardiac pacing service, 2) patient assessment domain, which evaluates the appropriateness of 

the investigations performed prior to cardiac pacing implantation, 3) pacing strategy domain, 

which evaluates the selection of the pacing method and 4) outcomes domain, which evaluates 

the clinical outcomes of cardiac pacing (Figure 2).  

 

Figure 2. The domains of cardiac pacing care, with the corresponding QIs for each domain 

 

Abx=antibiotics; AVB=atrioventricular block; CRT=cardiac resynchronisation therapy; 

ECG=electrocardiogram; FBC=full blood count; HFrEF=heart failure with reduced ejection 

fraction; LV=left ventricle; QIs=quality indicators; TTE=transthoracic echocardiography. 
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*Procedural complications are defined as pacemaker-related bleeding, pneumothorax, 

cardiac perforation, tamponade, pocket haematoma, lead displacement (all requiring 

intervention), or infection. 

 

 

In addition, there was an agreement between the Working Group members on patient-related 

outcome measures as an important domain of care for cardiac pacing. As such, patient-related 

outcome measures, including the assessment of health-related quality of life using various tools 

(generic [e.g., EuroQol] and disease-specific [e.g., KCCQ]) were obtained from the literature 

search and included in the Delphi voting.     

 

11.6.2 Quality Indicators  

The literature search retrieved a total of 25 candidate QIs, which were included in the first 

round of the voting process. Of those, 12 (48%) were excluded and 7 (28%) were included as 

main QIs. The remaining 6 QIs were deemed inconclusive and were, therefore, carried to a 

second voting round following which 4 (66%) were included as secondary QIs. Of the 11 

selected QIs, 5 (46%) related to the structural domain, 3 (27%) to the patient assessment 

domain, 1 (9%) to the pacing strategy domain, and 2 (18%) to the outcome domain (Figure 2). 

According to the voting results, the proposed patient-related outcome measures did not meet 

the inclusion criteria and so none were selected for the final set of indicators.  

 

11.6.2.1 Domain 1: Structural framework 

Structural QIs evaluate the characteristics of the centres providing cardiac pacing service, and 

play a major role in quality assessment at the institutional level. The association between 

certain aspects of cardiac devices patient care and outcomes has been facilitated by well-

conducted registries at the national level.387 As such, the participation in at least one registry 

for cardiac pacing is an indicator of care quality (Main 1.1). In addition, data from 

observational studies have shown an inverse association between the centre procedural volume 
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and complication rates and thus the monitoring and reporting of the centre-specific annual rate 

of cardiac pacing implantation has been recommended (Main 1.2).387, 403  

 

Table 1. The 2021 ESC QIs for patients undergoing cardiac pacemaker implantation  

Domain 1. Structural Framework 

Main (1.1): Centres providing CIED service should participate in at least one CIED& registry*.  

Numerator: Number of centres participating in at least one CIED registry. 

Main (1.2): Centres providing CIED service should monitor and report the volume of procedures 

performed by individual operators on annual basis*. 

Numerator: Number of centres monitoring and reporting the volume of procedures performed by 

individual operators.  

Main (1.3): Centres providing CIED service should have available resources (ambulatory ECG 

monitoring, echocardiogram) to stratify patients according to their risk for ventricular arrhythmias*. 

Numerator: Number of centres with an available ambulatory ECG and echocardiogram service. 

Main (1.4): Centres providing CIED service should have established protocols to follow up patients 

within 2-12 weeks following implantation*. 

Numerator: Number of centres that have an established protocols to follow up patients within 2-12 

weeks following CIED implantation. 

Main (1.5): Centres providing CIED service should have a pre-procedural checklist to ensure discussion 

with patient regarding risks, benefits, and alternative treatment options*. 

Numerator: Number of centres that have a checklist to ensure discussion with patient regarding risks, 

benefits, and alternative treatment options prior to CIED implantation. 

Domain 2. Patient Assessment 

Main (2): Proportion of patients considered for CIED implantation who receive prophylactic 

antibiotics 1 hour before their procedure**. 

Numerator: Number of patients who receive antibiotics 1 hour before their CIED implantation. 

Denominator: Number of patients who have CIED implantation. 
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Secondary (2.1): Proportion of patients considered for CIED implantation who have their full blood 

count and coagulation profile checked prior to the procedure**. 

Numerator: Number of patients who have their full blood count and coagulation profile checked prior 

to CIED implantation.  

Denominator: Number of patients who have CIED implantation. 

Secondary (2.2): Proportion of patients considered for CIED implantation who have an imaging 

evaluation of their LV structure and systolic function prior to the procedure**. 

Numerator: Number of patients who have an imaging evaluation of their LV structure and systolic 

function prior to CIED implantation. 

Denominator: Number of patients who have CIED implantation. 

Domain 3. Pacing Strategy 

Secondary (3): Proportion of patients with an indication for ventricular pacing and high degree AV 

block who have HFrEF and undergo CRT**. 

Numerator: Number of patients with an indication for ventricular pacing and high degree AV block who 

have HFrEF and undergo CRT implantation.  

Denominator: Number of patients with an indication for ventricular pacing and high degree AV block 

who have HFrEF and undergo CIED implantation. 

Domain 4. Outcomes 

Main (4): Annual rate of procedural complications 30 days following CIED implantation^.  

Numerator: Number of patients who develop one or more of the procedural complications$ within 30 

days from their CIED implantations 

Denominator: Number of patients who have CIED implantation. 

Secondary (4): Annual rates of CIED-related infections up to 1 year following CIED implantation, 

replacement, or revision^. 

Numerator: Number of patients who develop CIED-related infections up to 1 year following CIED 

implantation, replacement, or revision. 

Denominator: Number of patients who have CIED implantation, replacement, or revision. 

AV=atrioventricular, CRT=Cardiac resynchronisation therapy, CIED= cardiovascular 

implantable electronic device, LV=left ventricular, QIs= quality indicators,  
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&CIED here refer to cardiac pacemakers  

*Structural QIs are binary measurements (Yes/No), and, thus, only numerator is defined.   

**Measurement period: encounter, measurement duration: annually  

^Annual measurements  
$Procedural complications are defined as CIED-related bleeding, pneumothorax, cardiac 

perforation, tamponade, pocket haematoma, lead displacement (all requiring intervention), 

or infection. 

 

The other 3 indicators in the structural domain include the availability of resources for the risk-

stratification and clinical characterization of patients undergoing cardiac pacing, such as 

ambulatory rhythm monitoring and echocardiography (Main 1.3),398 of follow up protocols 

within 2-12 weeks after device implantation (Main 1.4), and the presence of pre-procedural 

checklists documenting a discussion with patients regarding the risks benefits of device 

implantation and alternative treatment options prior to implantation (Main 1.5).  

 

11.6.2.2 Domain 2: Patient assessment  

Patient evaluation and preparation prior to cardiac pacing implantation reduces the risks of 

complications associated with the procedure and guides the selection of an appropriate pacing 

strategy.404, 405 Evidence favours the efficacy of prophylactic antibiotics in reducing the rates 

of cardiac device-related infections (Main 2).406, 407 The performance of basic blood tests, such 

as full blood count and coagulation profile may help identify patients with high risk of 

periprocedural complications (Secondary 2.1),405 while the evaluation of the left ventricular 

structure and function prior to cardiac pacing helps determine the most appropriate device for 

the patient (Secondary 2.2).404   

 

11.6.2.3 Domain 3: Pacing strategy    

For patients with heart failure with a reduced ejection fraction who have an indication for 

ventricular pacing and a high degree atrioventricular block, biventricular pacing with cardiac 

synchronization therapy has been shown to improve clinical outcomes over right ventricular 
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pacing. Thus, the proportion of patients who receive cardiac synchronization therapy among 

those eligible has been selected as a QI (Secondary 3).404  

 

11.6.2.4 Domain 4: Outcomes 

The measurement of outcomes following cardiac pacing helps benchmark performance, 

monitor temporal trends of adverse events and study the efficacy of quality improvement 

interventions. As such, complications occurring within 30 days following device implantation 

is delegated an indicator of care quality (Main 4). However, infections related to cardiac pacing 

may be delayed beyond the first month following implantation.388 Accordingly, infections up 

to one year after device insertion is also regarded as a measure of care quality (Secondary 4).     

 

11.6.3 Patient perspective 

Patient reported outcome measures reflect the patients’ perspective of the impact of the 

condition and its treatment on their lives, and are important determinants of the patients’ 

perceived quality and outcomes of care. Among the different categories of patient reported 

outcome measures, patients’ health-related quality of life is of interest because it is multi-

dimensional and allows the exploration of patients’ physical, emotional, and social well-

being.408 While disease-specific tools exist for a number of cardiovascular disease conditions, 

including atrial fibrillation, arrhythmia, and heart failure, these capture limited data specific to 

cardiac devices implantation.409 As such, the Delphi voting reached no consensus as to the 

inclusion of patient reported outcome measures in the final set of QIs with reason being lack 

of specificity and limited evidence to support their use.  

 

Whereas there are common outcomes that matter to the majority of patients, individual patients 

may have specific outcomes of a higher importance to them based on a number of factors, such 

as their age or sex. For instance, a physically active patient might be concerned about 

restrictions of their arm and shoulder movement which may affect the ability to perform certain 

activities. The appearance of the scar and/or the implanted device may be more of a worry for 

women than men, and elderly patients might have concerns about complications related to 
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device implantation and therapies. As such, attention is needed when designing patient reported 

outcome measures to capture not only what matters to the ‘average’ patient, but also to 

individual patient’s values.  

 

Furthermore, it should be noted that patients’ perceptions, particularly in cardiac pacing, may 

change over time. For example, the implanted device implications on patients’ lives may differ 

according to changes in patient’s overall health, their underlying condition, and their response 

to treatment and repeated procedures.410 Therefore, the patient representatives within the 

Working Group felt that it was important to capture the trajectories of patients health-related 

quality of life following cardiac device implantation, and proposed a non-exhaustive list of 

potential areas for pacing QIs based on personal experience and exchanges with other patients 

(Supplementary Table S2).  

 

11.7 Discussion  

In this document, we provide a suite of 7 main and 4 secondary QIs covering 4 patient journey 

domains that may be used in the evaluation of cardiac pacing care and outcomes. The QIs were 

developed though a standardized methodology,185 which has been used for the development of 

feasible and valid QIs for other cardiovascular conditions,186, 411, 412 and as a joint effort 

between the Task Force of the 2021 ESC Guidelines on Cardiac Pacing and Cardiac 

Resynchronization Therapy, EHRA, the ESC Patient Forum, and international experts in 

cardiac devices under the remit of the ESC Clinical Practice Guideline Quality Indicator 

Committee. The participation of stakeholders from 13 countries, including patients, and the co-

development of these QIs with the 2021 ESC Guidelines on Cardiac Pacing and Cardiac 

Resynchronization Therapy, have enabled the provision of specific, measurable, and relevant 

QIs for cardiac pacing care.  

 

The increasing implantation rates of cardiac pacemakers across Europe, and the variation in 

practice observed in clinical registries, creates a need to develop standardized indicators for 

cardiac pacing quality of care and outcomes. Notwithstanding that the Centres for Medicare 
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and Medicaid Services have developed individual measures for cardiac devices, those were 

limited to specific domains of patients care, such as follow up following implantation,391 

infection rates,390 and complications after defibrillator implantation.392 Here we propose a suite 

of QIs that provides a framework encompassing the various multilayers of cardiac pacing care 

and, thus, help identify areas for quality improvement initiatives. 

 

It is hoped that by providing QIs for cardiac pacing that are endorsed by professional societies 

and co-developed with patients, a standardized system for the assessment of care and outcomes 

for patients undergoing cardiac pacemakers may be established. Such a system may be used by 

the professional societies, healthcare authorities or hospitals to identify and address unwanted 

variation and monitor patterns of care. Consequently, policies and quality improvement 

activities may be developed to facilitate continuous benchmarking of performance over time 

and across regions, and the subsequent behaviour change needed to improve care delivery. The 

set of QIs that have been developed may be the basis for applying the process of Health 

Technology Assessment also to the setting of cardiac pacing.413   

 

Notwithstanding that the Working Group acknowledges the importance of patient reported 

outcome measures and the assessment of health-related quality of life in patients undergoing 

cardiac pacemaker implantation, no such measures were selected in the final set of QIs. 

However, the Working Group envisages that there is a need to develop and validate patient 

reported measures which are specific to the implant of cardiac pacemakers. As such, potential 

areas patient reported outcome measures pertinent to cardiac pacing have been proposed and 

co-developed with patients to ensure highlight the need for evidence-based and validated 

tools to capture these aspects of pacing care.   

 

The methodology used for the development of these QIs has limitations. We relied on expert 

opinion to arrive at the final set of QIs. Different panel of experts may have selected a different 

set of QIs, but the use of the modified Delphi method to obtain group opinion, and the 

involvement of patients and registry experts have provided wide perspective and 
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standardization to the selection process. Furthermore, the application of a structured criteria, 

namely the ESC criteria for QI development, in selecting the QIs and guiding the voting process 

improved the objectivity in building consensus amongst the Working Group members.   

 

The developed QIs are intended to drive comprehensive patient assessments and drive quality 

improvement, and, thus, should not be considered in isolation. Furthermore, regular updates 

are needed for the these QIs and/or to their specifications when ‘real-world’ and feasibility data 

become available. It is hoped that the developed set of QIs would be implemented in, and 

facilitate the development of, data collection efforts aiming to assess and improve the quality 

of cardiac pacing care. For instance, the European Unified Registries on Heart care Evaluation 

and Randomized Trials (EuroHeart) project45 may favour the implementation of 

methodologically developed QIs for future cardiac device registries in Europe, which this 

statement uniquely provides.  

 

11.8 Conclusion 

Using the ESC methodology for QI development, a set of QIs for cardiac pacing have been 

developed across 4 key domains of care. These QIs provide the means to systematically 

measure the quality of care for patients undergoing cardiac pacemakers and capture care 

outcomes through their implementation in daily practice and clinical registries.  
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Chapter 12. European Society of Cardiology Quality Indicators for Cardiovascular 

Disease Prevention. 

Developed by the Working Group for Cardiovascular Disease Prevention Quality Indicators in 

collaboration with the European Association for Preventive Cardiology of the European 

Society of Cardiology. 

 

Suleman Aktaa, Baris Gencer, Elena Arbelo, Constantinos H. Davos, Ileana Désormais, 

Monika Hollander, Ana Abreu, Marco Ambrosetti, Maria Bäck, David Carballo, Carolyn 
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12.1 Summary of the publication: 

• Using the methodology described in Chapter 4, this paper presents the quality 

indicators for atherosclerosis CVD prevention.  

• six domains of care for ASCVD prevention: 1) Structural framework, 2) Risk 

assessment, 3) Care for people at risk for ASCVD, 4) Care for patients with 

established ASCVD and/or diabetes mellitus, 5) Patient education and experience, 

and 6) Outcomes 

• In total, 17 main and 14 secondary QIs were selected across  

 

12.2 Publication status  

• Published 23 October 2021  

• European Journal of Preventive Cardiology, zwab160, 

https://doi.org/10.1093/eurjpc/zwab160 

 

12.3 Abstract  
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12.3.1 Aims  

To develop a set of quality indicators (QIs) for the evaluation of the care and outcomes for 

atherosclerotic cardiovascular disease (ASCVD) prevention.  

 

12.3.2 Methods and results  

The Quality Indicator Committee of the European Society of Cardiology (ESC) formed the 

Working Group for Cardiovascular Disease Prevention Quality Indicators in collaboration with 

Task Force members of the 2021 ESC Guidelines on Cardiovascular Disease Prevention in 

Clinical Practice and the European Association of Preventive Cardiology (EAPC). We 

followed the ESC methodology for QI development, which involved 1) the identification of 

the key domains of care for ASCVD prevention by constructing a conceptual framework of 

care, 2) the development of candidate QIs by conducting a systematic review of the literature, 

3) the selection of the final set of QIs using a modified Delphi method and 4) the evaluation of 

the feasibility of the developed QIs. In total, 17 main and 14 secondary QIs were selected 

across six domains of care for ASCVD prevention: 1) Structural framework, 2) Risk 

assessment, 3) Care for people at risk for ASCVD, 4) Care for patients with established 

ASCVD and/or diabetes mellitus, 5) Patient education and experience, and 6) Outcomes.  

 

12.3.3 Conclusion  

We present the 2021 ESC QIs for Cardiovascular Disease Prevention, which have been co-

constructed with EAPC using the ESC methodology for QI development. These indicators are 

supported by evidence from the literature, underpinned by expert consensus and aligned with 

the 2021 ESC Guidelines on Cardiovascular Disease Prevention in Clinical Practice to offer a 

mechanism for the evaluation of ASCVD prevention care and outcomes.  

 

12.3.4 Keywords  

Cardiovascular Disease. Atherosclerosis. Preventive Cardiology. Quality Indicators. Clinical 

Practice Guidelines.  
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12.4 Introduction  

 

Atherosclerotic cardiovascular disease (ASCVD) is a leading cause of mortality globally.414 

Evidence suggests that large proportions of individuals at high cardiovascular disease risk have 

unhealthy lifestyles and inadequate control of blood pressure, lipids and diabetes.132, 415 

Although the advent of effective treatments for ASCVD has led to a reduction in morbidity 

and mortality,2 future challenges involve improving adherence to guideline-recommended 

therapies, optimizing patients’ risk factors and modifying lifestyle behaviours to prevent the 

development and progression of ASCVD.416 To that end, international registries such as the 

European Action on Secondary and Primary Prevention by Intervention to Reduce Events 

(EUROASPIRE) have demonstrated gaps in care delivery and geographic variation in clinical 

practice.417   

 

Quality indicators (QIs) are tools that may provide a means to evaluate the implementation of 

guideline-recommended therapies.185 The US federal Agency for Healthcare Research and 

Quality (AHRQ) has developed prevention QIs for a range of clinical conditions, some of 

which are relevant to ASCVD.418 These indicators have been used to describe temporal and 

spatial patterns of the outcomes of preventive care.419, 420 However, they do not include 

structural and process components of care, which are known to be more relevant to the delivery 

of care.421 Professional Societies including the European Association for Preventive 

Cardiology (EAPC) have also developed quality measures for aspects of ASCVD.167, 170, 422-428 

Each focus on particular elements of ASCVD prevention (primary prevention,425 

hypertension,167 dyslipidaemia,426 and cardiac rehabilitation,170, 422, 424, 428) or are directed to a 

particular clinical setting, such as primary care.423, 427 However, there is no single contemporary 

set of QIs that encapsulates the wider aspect of cardiovascular prevention to allow a holistic 

evaluation of care.  

 

Therefore, in parallel with the development of the 2021 European Society of Cardiology (ESC) 

Guidelines on Cardiovascular Disease Prevention in Clinical Practice, the ESC Quality 

Indicator Committee formed the Working Group for Cardiovascular Disease Prevention QIs in 

collaboration with EAPC to develop a comprehensive set of QIs for the prevention of ASCVD. 
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This document presents the 2021 ESC QIs for ASCVD prevention in line with other ESC 

Clinical Practice Guidelines.33, 34 The ESC and EAPC anticipate that such QIs may facilitate 

the standardised evaluation of ASCVD prevention care and outcomes, and therefore identify 

where improvement initiatives may be used to reduce the burden of cardiovascular disease.  

 

12.5 Methods  

 

We followed the ESC methodology for the development of QIs for the quantification of 

cardiovascular care and outcomes.185 In brief, this involves 1) the identification of the key 

domains of ASCVD preventive care by constructing a conceptual framework of care delivery, 

2) the development of candidate QIs by conducting a systematic review of the literature, 3) the 

selection of the final set of QIs using a modified Delphi method, and 4) the evaluation of the 

feasibility of the developed QIs.185 The ESC QIs include main and secondary indicators. The 

main indicators are those that have higher validity and feasibility by the Working Group 

members and thus may be used for measurement across regions and over time. Both the main 

and secondary QIs may be used for local quality improvement activities.185 

 

12.5.1 Members of the Working Group  

The Working Group comprised Task Force members of the 2021 Guidelines on Cardiovascular 

Disease Prevention in Clinical Practice, EAPC representatives, patients, and international 

experts in ASCVD prevention, as well as members of the ESC Quality Indicator Committee. 

A series of virtual meetings were convened between the members of the Working Group from 

December 2020 until June 2021.  

 

12.5.2 Target population and domains of care  

The initial phase of the development process involved the identification of the ‘target 

population’ and the key domains of ASCVD preventive care. The ‘target population’ for whom 

the QIs are intended was defined as patients with established or high risk for ASCVD, and the 

key domains of care were established accordingly by constructing a conceptual illustration of 
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the multi-layered care pathway for this group of patients.185 To facilitate the operationalization 

of the developed QIs, ASCVD was defined as ‘atherosclerotic clinical conditions, including 

acute/chronic coronary syndrome, coronary artery disease documented by computed 

tomography/invasive coronary angiography, coronary or other arterial revascularization, 

stroke, transient ischaemic attack, documented carotid, aortic, peripheral artery disease or 

atherosclerotic renovascular disease’, while patients at high risk for ASCVD were defined as 

those with no documented ASCVD diagnosis, but with diabetes mellitus, hypertension, 

moderate-severe renal disease, smoking, familial hyperlipidaemia or other lipid disorder and 

deemed at high or very high risk for ASCVD according to the 2021 ESC Guidelines on 

Cardiovascular Disease Prevention in Clinical Practice.32  

 

Definitions were developed for each of the QIs. This included a numerator, which is the group 

of patients for whom the QI is delivered, and, with the exception of the structural QIs, a 

denominator, which is the group of patients eligible for the measurement. We also defined a 

measurement period (the time point at which the assessment is performed) and a measurement 

duration (the time frame needed for enough cases to be collected).185 Structural QIs are 

designed as binary measurements evaluating the availability of services in healthcare centres 

or units involved in the management of patients with established or high risk for ASCVD. 

 

12.5.3 Systematic review  

12.5.3.1 Search strategy  

We conducted a systematic review of the published literature in accordance with the Preferred 

Reporting Items for Systematic Review and Meta-analyses statement (Appendix Table A1).172 

We searched two online bibliographic databases; MEDLINE and Embase via OVID (Wolters 

Kluwer, Alphen aan den Rijn, Netherlands). The initial search strategy was developed in 

MEDLINE using keywords and medical subject headings (MeSH) terms, such as “primary 

prevention”, “secondary prevention”, “cardiac rehabilitation”, “health education”, “smoking 

cessation”, and “exercise” (for full list see Appendix Table A2). Further potential articles were 

identified using citation-searching and hand-searching of the references of identified articles. 
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We only included the primary publication of randomized controlled trials, and included the 

main publications of major trials from which our search obtained only sub-studies. We 

excluded systematic reviews, meta-analyses, editorials, letters, and conference proceedings. 

The search was restricted to English language reports and publication dates between 01 January 

2016 and 08 March 2021. The search was restricted to the period after 2016 because this year 

corresponds to the publication of the previous ESC Guidelines on Cardiovascular Disease 

Prevention in Clinical Practice, thus ensuring current validity and applicability.429 

 

12.5.3.2 Eligibility criteria  

We included articles fulfilling the following criteria: 1) the study population was adult patients 

(≥18 years old) with established or with risk factors for ASCVD, 2) the study defined an 

intervention (structural or process aspect of preventive care) for which at least one outcome 

measure was reported, 3) the outcome measures were hard endpoints (e.g. mortality, re-

admission) or patient reported outcomes (e.g. quality of life), 4) the study provided definitions 

for the intervention and outcome measure(s) evaluated and 5) the study was a peer-reviewed 

randomized controlled trial. No restriction was placed on sample sizes, but studies which 

reported surrogate outcomes (e.g. biomarkers) as the main endpoints were excluded.   

 

12.5.3.3 Study selection  

EndNote X9 (Clarivate Analytics, London, UK) was used for reference management and for 

duplicate removal. Each retrieved study was independent evaluated by two reviewers (SA and 

CD, BG and ID, or EA and MH) against prespecified inclusion criteria. Disagreements were 

resolved through discussions and full text review of the article.  

 

12.5.3.4 Quality assessment and Data extraction  

Studies that met the eligibility criteria were included in the initial phase of the review. The 

broad inclusion was important to ensure that a list of initial (candidate) QIs was representative 

of a wide range of preventive care. For each included study both the intervention studied and 

the outcome measure(s) that were evaluated were extracted. The variables were then classified 
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according to their domain of care and to the type of the measurement (structural, process, or 

outcome).185 Definitions of the data items extracted were also obtained when provided in the 

studies.   

 

12.5.3.5 Clinical Practice Guidelines and existing QIs  

In addition to the systematic review, Clinical Practice Guidelines pertinent to the prevention of 

ASCVD were reviewed.429-435 The goal of the Clinical Practice Guidelines review was to assess 

the suitability of their recommendations with the strongest association with benefit and harm 

(Class I and III, respectively) against the ESC criteria for QIs (Appendix Table A3).185 Existing 

QIs and ‘performance measures’ relevant to ASCVD prevention167, 170, 421-428 were considered 

as candidate QIs using the same criteria.  

 

12.5.4 Data synthesis  

12.5.4.1 Modified Delphi process  

The modified Delphi approach was used to evaluate the candidate QIs derived from the 

literature review.185 The Working Group members were made aware of the ESC criteria for QI 

development (Appendix Table A3) to standardise the voting process, and each candidate QI 

was ranked by each panellist on a 9-point ordinal scale for both validity and feasibility using 

an online questionnaire.185 In total, two rounds of voting were conducted, with a number of 

teleconferences after each round to discuss the results of the vote and address any concerns, 

questions or ambiguities.  

 

12.5.4.2 Analysing voting results  

The 9-point ordinal scale used for voting implied that ratings of 1 to 3 meant that the QI is not 

valid/feasible; ratings of 4 to 6 meant that the QI is of an uncertain validity/feasible; and ratings 

of 7 to 9 meant that the QI is valid/feasible. For each candidate QI, the median and the mean 

deviation from the median were calculated to evaluate the central tendency and the dispersion 

of the votes. Indicators, with median scores ≥7 for validity, ≥4 for feasibility, and with minimal 

dispersion, were included in the final set of QIs.185 The candidate QIs that met the inclusion 
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criteria in the first voting round were defined as main QIs, whilst those that met the inclusion 

criteria after the second round of voting were defined as secondary indicators.  

 

12.6 Results  

 

12.6.1 Domains of ASCVD prevention  

The Working Group identified 6 domains of preventive care for ASCVD during the early 

phases of the development process. These domains aim to capture the spectrum of ASCVD 

prevention care and outcomes irrespective of the healthcare institution at which the 

performance measurement is taking place, and in line with the EAPC Core Curriculum for 

Preventive Cardiology.436 The domains are: 1) Structural framework, 2) Risk assessment, 3) 

Care for people at risk for ASCVD, 4) Care for patients with established ASCVD and/or 

diabetes mellitus, 5) Patient education and experience, and 6) Outcomes.  
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 

flowchart of systematic review. 

 

 

12.6.2 Systematic review results 

The literature search retrieved 1026 articles, of which 158 met the inclusion criteria (Figure 1). 

In total, 75 potential QIs were extracted from the included studies. Of those, 51 candidate QIs 

were included in the first Delphi round. The remaining 24 indicators overlapped with other 
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ESC QIs, such as those for acute myocardial infarction,186 atrial fibrillation,187 heart failure,189 

or cardiac pacing,437 and were, thus, removed.   

 

Figure 2. 2021 ESC EAPC Quality Indicators for ASCVD Prevention across key domains of 

care  

 

 
Ax=assessment, ASCVD=atherosclerosis cardiovascular disease, ACR=albumin creatinine 

ratio, APT=antiplatelet therapy, BP=blood pressure, CE=cardio-embolic, CKD-chronic 

kidney disease, CR=cardiac rehabilitation, CV= cardiovascular, CVH=cardiovascular 

hospitalisation, CAC=coronary calcium scoring, DM=diabetes mellitus, 

ECG=electrocardiogram, eGFR=estimated glomerular filtration rate, GLP-1 RA=glucagon-

like peptide-1 receptor agonists, HTN=hypertension, HbA1c= glycated haemoglobin, 

HBR=high bleeding risk, LDL-C=low-density lipoprotein cholesterol, 
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MDT=multidisciplinary team, MI=myocardial infarction, PPI=proton pump inhibitors, 

PREMs=patient reported experience measures, RAAS=renin-angiotensin-aldosterone system 

inhibitors, Rx=treatment, SGLT2i=sodium/glucose cotransporter-2 inhibitors, 

TTE=transthoracic echocardiogram. 

 

12.6.3 Modified Delphi results 

Following the first round of voting, 23/51 (45%) candidate QIs were excluded; 17/51 (33%) 

met the inclusion threshold and thus were included as main QIs. The remaining 11/51 (22%) 

were deemed inconclusive and carried to the second voting round. The excluded QIs (N=23) 

were reviewed by the Working Group in subsequent meetings and agreement reached to 

reconsider modified versions of 16/23 (70%) in the second round of voting. As such, a total of 

27 QIs (11 inconclusive and 16 modified) were included in the second Delphi round, following 

which 14 (52%) were included as secondary QIs. Figure 2 shows the main and the secondary 

indicators of the 2021 ESC EAPC Quality Indicators for ASCVD Prevention across six 

domains of care. 

 

12.6.4 Quality Indicators  

 

12.6.4.1 Domain 1: Structural framework 

This domain evaluates the characteristics of the centres that provide preventive care for patients 

with established or high risk for ASCVD. While the association between structural QIs and 

favourable patient outcomes is less established compared with process QIs, they may provide 

a qualitative assessment of the allocations of resources which are needed for the delivery of 

optimal care.185 As such, three main and two secondary QIs were selected. The main QIs 

captures the availability of a multidisciplinary team that is dedicated for the delivery of lifestyle 

modification advice and medication adherence counselling (Main 1.1), smoking cessation 

programs (Main 1.2) and investigations such as a 12-lead ECG, Holter monitoring, 

transthoracic echocardiography and CT calcium scoring (Main 1.3) for patients with 

established or high risk for ASCVD, which are fundamental aspects of cardiovascular disease 

protection (Table 1).32-34 
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Table 6. 2021 European Society of Cardiology Quality Indicators for Cardiovascular Disease 

Prevention 

Domain 1. Structural Framework  

Main 1.1 Healthcare centres should have access to a multidisciplinary team dedicated to CVD prevention 

who deliver lifestyle modification (including diet, exercise, and alcohol consumption) advice and 

medication adherence counselling for patients with risk factors for, or established, ASCVD. 

Numerator: Healthcare centres or units involved in the management of patients with established or high 

risk for ASCVD that have a dedicated multidisciplinary team. 

Main 1.2 Healthcare centres should have access to smoking cessation program for patients with risk 

factors for or established ASCVD. 

Numerator: Healthcare centres or units involved in the management of patients with established or high 

risk for ASCVD that have access to smoking cessation program. 

Main 1.3 Healthcare centres should have access to 12-lead ECG, ambulatory ECG Holter monitoring, 

and transthoracic echocardiogram, and CT calcium scoring to facilitate the assessment of patients with 

established or high risk for ASCVD. 

Numerator: Healthcare centres or units involved in the management of patients with established or high 

risk for ASCVD that have access to 12-lead ECG, ambulatory ECG Holter monitoring, and transthoracic 

echocardiogram, and CT calcium scoring. 

Secondary 1.1 Healthcare centres should participate in a registry or common database to record clinical 

data relevant to cardiovascular risk (body mass index [BMI], blood pressure [BP], LDL-C, HbA1c, and 

renal function) for patients with established or high risk for ASCVD. 

Numerator: Healthcare centres or units involved in the management of patients with established or high 

risk for ASCVD that participate in a registry or common database to record patients’ BMI, BP, LDL-C, 

HbA1c, and renal function. 

Secondary 1.2 Healthcare centres should have available written protocols that encourage and facilitate 

disease self-measurement for patients with hypertension and diabetes. 
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Numerator: Healthcare centres or units involved in the management of patients with established or high 

risk for ASCVD that have available written protocols to encourage and facilitate disease self-

measurement for patients with hypertension and diabetes. 

Domain 2. Risk Assessment  

Main 2.1 Proportion of patients with established ASCVD who have their kidney function (eGFR and 

albuminuria) checked at least once and if had new treatment or event.  

Numerator: Patients with established ASCVD who have their eGFR and albuminuria checked at least 

once and if had new treatment or event. 

Denominator: Patients with established ASCVD. 

Main 2.2 Proportion of patients with established ASCVD who have their lipid profile checked at least 

once and if had new treatment or event. 

Numerator: Patients with established ASCVD who have their lipid profile checked at least once and if 

had new treatment or event. 

Denominator: Patients with established ASCVD. 

Main 2.3 Proportion of patients with established ASCVD who are screened for diabetes (with fasting 

blood glucose and/or HbA1c) at least annually. 

Numerator: Patients with established ASCVD who are not known to have diabetes and have their fasting 

blood glucose and/or HbA1c checked at least annually. 

Denominator: Patients with established ASCVD who are not known to have diabetes. 

Main 2.4 Proportion of patients with established ASCVD who are screened for hypertension at least 

annually. 

Numerator: Patients with established ASCVD who are not known to have hypertension and have their 

BP measureda at least annually. 

Denominator: Patients with established ASCVD who are not known to have hypertension. 

Main 2.5 Proportion of patients with diabetes who have their HbA1c checked at least annually. 

Numerator: Patients with diabetes who have their HbA1c checked at least annually. 

Denominator: Patients with diabetes. 

Secondary 2.1 Proportion of patients with established or high risk for ASCVD who have follow up at 

least annually to assess and address cardiovascular risk factors. 
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Numerator: Patients who have follow up at least annually to assess and address cardiovascular risk 

factors. 

Denominator: Patients with established or high risk for ASCVD. 

Domain 3. Care for people at risk for ASCVD 

Main 3.1 Proportion of patients 40 to 70 years of age with very high risk for ASCVD and a baseline 

LDL-C ≥ 1.8 mmol/L (≥70 mg/dL) who are offered lipid lowering therapy. 

Numerator: Patients between 40 and 70 years of age with very high risk for ASCVD and a baseline 

LDL-C ≥ 1.8 mmol/L (≥70 mg/dL) who are prescribed lipid lowering therapy. 

Denominator: Patients between 40 and 70 years of age with very high risk for ASCVD and a baseline 

LDL-C ≥ 1.8 mmol/L (≥70 mg/dL) who have no contraindication, refusal, or history of intolerance to 

lipid lowering therapy. 

Main 3.2 Proportion of patients with diabetes and chronic kidney disease or hypertension who are 

prescribed renin-angiotensin-aldosterone system inhibitors. 

Numerator: Patients with diabetes and chronic kidney disease or hypertension who are prescribed renin-

angiotensin-aldosterone system inhibitors. 

Denominator: Patients with diabetes and chronic kidney disease or hypertension who have no 

contraindication, refusal, or history of intolerance to renin-angiotensin-aldosterone system inhibitors. 

Secondary 3.1 Proportion of patients with type 2 diabetes and chronic kidney disease who are 

prescribed SGLT2 inhibitors.  

Numerator: Patients with type 2 diabetes and chronic kidney disease who are prescribed SGLT2 

inhibitors. 

Denominator: Patients with type 2 diabetes and chronic kidney disease who have no contraindication, 

refusal, or history of intolerance to SGLT2 inhibitors. 

Domain 4. Care for patients with established ASCVD  

Main 4.1 Proportion of patients with established ASCVD and type 2 diabetes who are prescribed 

SGLT2 inhibitor or GLP-1RA. 

Numerator: Patients with established ASCVD and type 2 diabetes who are prescribed SGLT2 inhibitor 

or GLP-1RA. 

Denominator: Patients with established ASCVD and type 2 diabetes who have no contraindication, 

refusal, or history of intolerance to SGLT2 inhibitor and GLP-1RA. 
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Main 4.2 Proportion of patients with symptomatic peripheral artery disease who are prescribed 

appropriate antiplatelet therapy. 

Numerator: Patients with symptomatic peripheral artery disease who are prescribed appropriate 

antiplatelet therapyb. 

Denominator: Patients with symptomatic peripheral artery disease who have no contraindication, 

refusal, or history of intolerance to antiplatelet therapy, no indication for anticoagulation, and have not 

undergone revascularisation procedure within 1 month.  

Main 4.3 Proportion of patients with established ASCVD and BP ≥ 140/90mmHg who are prescribed 

BP lowering treatment. 

Numerator: Patients with established ASCVD and documented BP ≥ 140/90mmHg who are prescribed 

BP lowering treatmentc. 

Denominator: Patients with established ASCVD and documented BP ≥ 140/90mmHg who have no 

contraindication, refusal, or history of intolerance to BP lowering treatmentc.   

Main 4.4 Proportion of patients with established ASCVD who participate in a cardiac rehabilitation 

program following an acute cardiovascular event or an elective revascularisation procedure.  

Numerator: Patients with established ASCVD who are referred to cardiac rehabilitation program at the 

time of hospital discharge following an acute cardiovascular event or an elective revascularisation 

procedure.  

Denominator: Patients with established ASCVD following an acute cardiovascular event or an elective 

revascularisation procedure who have not refused referral to cardiac rehabilitation program. 

Secondary 4.1 Proportion of patients with non-cardioembolic ischaemic (or embolic of undetermined 

source) stroke or TIA who are prescribed appropriate antiplatelet therapy. 

Numerator: Patients with non-cardioembolic ischaemic (or embolic of undetermined source) stroke or 

TIA who are prescribed appropriate antiplatelet therapyd. 

Denominator: Patients with non-cardioembolic ischaemic (or embolic of undetermined source) stroke 

or TIA who have no contraindication, refusal, or history of intolerance to antiplatelet therapy, have no 

indication for anticoagulation, and have not undergone revascularisation procedure within 1 month. 

Secondary 4.2 Proportion of patients with established ASCVD, on antiplatelets therapy, and have high 

bleeding risk who are prescribed a proton-pump inhibitor  
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Numerator: Patients on antiplatelets therapy for ASCVD and have high bleeding riske who are 

prescribed a proton-pump inhibitor. 

Denominator: Patients who are on antiplatelets therapy for ASCVD and have high bleeding riske with 

no contraindication, refusal, or history of intolerance to proton-pump inhibitor.   

Domain 5. Patient Education & Experience  

Secondary 5.1 Proportion of patients with established, or high risk for, ASCVD who have a 

documented discussion with a member of the multidisciplinary team about their treatment goals, 

preference, and values at least annually.   

Numerator: Patients who have a documented discussion about their treatment goals, preference, and 

values at least annually.     

Denominator: Patients with established or high risk for ASCVD. 

Secondary 5.2 Proportion of patients with established or high risk for ASCVD who have their 

satisfaction about risk factor control captured at least annually.     

Numerator: Patients who have their satisfaction about risk factor control captured at least annually.     

Denominator: Patients with established or high risk for ASCVD. 

Domain 6. Outcomes   

Treatment Outcomes   

Main 6.1 Proportion of patients with established or high risk for ASCVD who have LDL-C levels at or 

below that recommended for their estimated cardiovascular risk. 

Numerator: Patients with established or high risk for ASCVD who have LDL-C levels at or below that 

recommended for their estimated cardiovascular riskf.  

Denominator: Patients with established or high risk for ASCVD who have no contraindication, refusal, 

or history of intolerance to statins, ezetimibe and proprotein convertase subtilisin/kexin type 9 (PCSK9) 

inhibitors..  

Main 6.2 Proportion of patients with established ASCVD and diabetes, who have HbA1c levels <7.0% 

(53 mmol/mol). 

Numerator: Patients with established ASCVD and diabetes who have their HbA1c levels <7.0% (53 

mmol/mol). 

Denominator: Patients with established ASCVD and diabetes who have no contraindication, refusal, or 

history of intolerance to optimal glycaemic control.   
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Main 6.3 Proportion of patients with established, or high risk for, ASCVD who stop smoking.  

Numerator: Patients with established, or high risk for, ASCVD who self-identify as non-smokers.  

Denominator: Patients with established, or high risk for, ASCVD who previously self-identified as 

‘current smokers’.  

Secondary 6.1 Proportion of patients with established ASCVD who have their BP well-controlled.  

Numerator: Patients with established ASCVD and hypertension who achieve their target BP levelsg. 

Denominator: Patients with established ASCVD who have hypertension and no contraindication, 

refusal, or history of intolerance to optimal BP control.    

Disease Outcomes   

Secondary 6.2 Annual rate of all-cause mortality.  

Secondary 6.3 Annual rate of cardiovascular mortality. 

Secondary 6.4 Annual rate of cardiovascular hospitalisation. 

Secondary 6.5 Annual rate of non-fatal myocardial infarction. 

Treatment complications    

Secondary 6.6 Annual rate of bleeding resulting in hospital admission. 

aScreening for hypertension involves office BP measurement, ambulatory BP monitor, and/or 

home-measurements using a validated device. 

bPeripheral artery disease is defined as carotid artery stenosis irrespective of clinical 

symptoms, carotid/lower extremity artery revascularization, or symptomatic lower extremity 

artery disease. Appropriate antiplatelet therapy is defined as aspirin 75-100mg daily or 

Clopidogrel 75mg daily in case of aspirin intolerance. 

 
cAppendix Table A4. Blood pressure lowering drugs, with absolute and relative 

contraindications. 

 
dAppropriate antiplatelet therapy for non-cardioembolic ischaemic (or embolic of 

undetermined source) stroke or TIA is defined as aspirin 75-100mg daily or Clopidogrel 

75mg daily in case of aspirin intolerance.  

eAccording to the Academic Research Consortium criteria for high bleeding risk. 
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fLDL_C targets for patients with established ASCVD is <1.4 mmol/L (55 mg/dl) and >50% 

reduction from baseline. LDL_C targets for patients with high risk for ASCVD <1.8 mmol/L 

(70 mg/dl) and >50% reduction from baseline. 

 
gControlled BP is defined as home-measured/mean ambulatory BP between 120-129/70-80 

mmHg for those < 65 years of age, and between 130-139/70-80 mmHg for those ≥ 65 years 

of age. 

 

ASCVD=atherosclerosis cardiovascular disease, BP=blood pressure, HbA1c= glycated 

haemoglobin, LDL-C=low-density lipoprotein cholesterol, SGLT2i=sodium/glucose 

cotransporter-2 inhibitors 

 

The Secondary 1.1 QI within the Structural framework domain evaluates the healthcare 

centre’s participation in a registry that allows the capture of data relevant to ASCVD given the 

vital role longitudinal databases have in monitoring patterns of ASCVD risk factors415 and 

outcomes.438 Moreover, disease self-monitoring for patients with diabetes and hypertension 

has a role in improving treatment adherence and control (Secondary 1.2) (Table 1).433, 434  

 

12.6.4.2 Domain 2: Risk assessment  

The estimation of risk is the cornerstone of the ASCVD prevention because it determines the 

appropriateness of the preventive interventions needed.32 For patients with established 

ASCVD, the annual measurement of kidney function (Main 2.1),439, 440 lipid profile (Main 

2.2),432 fasting blood glucose and/or glycated haemoglobin (HbA1c) (Main 2.3),433 and blood 

pressure (Main 2.4)434 can help identify those with suboptimal risk factor modification and 

requiring treatment optimization.441 Furthermore, glycaemic control in patients with diabetes 

mellitus who have no history of established ASCVD has prognostic implications on the 

development of cardiovascular complications, and thus regular monitoring to HbA1c in this 

group of patients may be used as an indicator of care quality (Main 2.5).433 The provision of 

systems that allow the follow up of patients with established and those with high risk for 
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ASCVD facilitates the implementation of these monitoring/screening measures, but may not 

be feasible in all healthcare systems (Secondary 2.1) (Table 1).  

 

12.6.4.3 Domain 3: Care for people at risk for ASCVD    

A number of primary preventive measures have a role in delaying the onset of cardiovascular 

events and in improving clinical outcomes in individuals at high or very high risk for 

ASCVD.32 For patients at very high risk for the development of ASCVD, such as those over 

the age of 40 years old who have diabetes, lipid lowering therapy has shown effective in 

reducing major vascular events (Main 3.1).432, 442 In addition, the prescription of renin-

angiotensin-aldosterone system inhibitors for patients with diabetes who have a concomitant 

chronic kidney disease and/or hypertension has been shown to improve cardiovascular 

outcomes (Main 3.2).433, 434 Furthermore, sodium–glucose cotransporter 2 (SGLT2) inhibitors 

have recently emerged as cardioprotective agents for patient with diabetes who have chronic 

kidney disease (Secondary 3.1) (Table 1).433, 443, 444 

 

12.6.4.4 Domain 4: Care for patients with established ASCVD  

For patients with established ASCVD, intensive measures are needed to prevent further 

cardiovascular events.32 Whilst these measures are initially based on lifestyle modification such 

as smoking cessation, pharmacotherapies play a role in slowing and/or delaying disease 

progression and preventing unfavourable outcomes. As such, the QIs within the ‘Secondary 

prevention’ domain focus on medical interventions for patients with established ASCVD, 

including the prescription of: I) SGLT2 inhibitors or glucagon like peptide-1 receptor agonist 

(GLP-1RA) for patients with diabetes (Main 4.1),21 II) appropriate antiplatelet therapy for 

patients with symptomatic peripheral artery disease (Main 4.2),435 III) blood pressure lowering 

treatment for patients with readings ≥ 140/90mmHg (Main 4.3),434 IV) appropriate antiplatelet 

therapy following a non-cardioembolic ischaemic (or embolic of undetermined source) stroke 

(Secondary 4.1),445 and V) proton pump inhibitors for those on antiplatelet therapy and have 

high risk for gastrointestinal bleeding (Secondary 4.2).140 Furthermore, cardiac rehabilitation 

has an important role in secondary prevention following an acute cardiovascular event and 

elective coronary revascularization (Main 4.4) (Table 1).422 
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12.6.4.5 Domain 5: Patient education and experience  

Shared decision-making about treatment benefit, risk modifiers, and lifestyle changes in 

accordance to patient preferences is an essential element of ASCVD prevention.32 Thus, 

recording the delivery of patient education for those with established or high risk for ASCVD 

about their treatment goals, preference is a QI (Secondary 5.1). In addition, the assessment 

of patient satisfaction with care quality has also been proposed as a QI (Secondary 5.2) 

(Table 1).  

 

12.6.4.6 Domain 6: Outcomes  

The collection of outcome measures pertinent to ASCVD or its treatment provides information 

about the effectiveness and the safety of management strategy. For patients with established 

ASCVD, achieving the target levels of low-density lipoprotein (LDL) cholesterol (Main 

6.1),432 the target level of HbA1c in the presence of diabetes (Main 6.2),446 the cessation of 

smoking (Main 6.3)32 and controlling blood pressure (Secondary 6.1)434 have a role in 

determining the success of treatment and in improving clinical outcomes (Table 1). Achieving 

blood pressure control (Secondary 6.1) has been proposed as a secondary QI given concerns 

from the Working Group members on the feasibility of the measurement of this QI which 

carries the same level of clinical relevance as the other main QIs within this domain.  

 

Furthermore, recording annual rates of all-cause mortality (Secondary 6.2), cardiovascular 

mortality (Secondary 6.3), cardiovascular hospitalization (Secondary 6.4), non-fatal 

myocardial infarction (Secondary 6.5) and hospitalised major bleeding events (Secondary 

6.6) provides information about the outcome of care (Table 1). However, adjustments for 

baseline risk and other patient characteristics may be needed when interpreting the results of 

such outcome QIs.447 Furthermore, whilst the measurement duration for these QIs is 12 months, 

longer follow up may be needed to capture sufficient events, especially in lower risk 

population.   
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12.7 Discussion 

 

By way of a joint working group between the EAPC, members of the Task Force of the 2021 

ESC Guidelines on Cardiovascular Disease Prevention in Clinical Practice and the ESC Patient 

Forum, 17 main and 14 secondary QIs for ASCVD prevention have been developed across 6 

key domains of care. This work has been conducted under the auspice of the ESC Quality 

Indicator Committee using the ESC standardized methodology of QI development.185 The QIs 

presented in this document align with recommendations of the 2021 ESC Guidelines on 

Cardiovascular Disease Prevention in Clinical Practice and do not overlap or conflict with 

published ESC QIs.186, 187, 189, 437 It is hoped that by developing such QIs and providing the 

specifications needed for their implementation, local, regional, national, or international 

initiatives aiming to improve the quality of ASCVD care can be created in accordance to the 

specific needs of individual centers or countries.  

 

Monitoring and reporting the structure, process and / or outcome of care has become a 

mandatory requirement for modern healthcare systems.448 QIs provide a means by which this 

may be undertaken and performance evidenced.19 QIs also help evaluate the effectiveness of 

quality improvement initiatives and may be used to ascertain if patient’s perceptions of their 

care have been considered.185 Additionally, QIs can be used as an advocacy tool to demonstrate 

to health politicians the gaps of ASCVD prevention in different regions or countries. Although 

the literature describes a range of quality measures for ASCVD,167, 170, 418, 422-427 until now there 

has been no set of QIs that span the breadth of cardiovascular prevention. We believe this 

document describes a QI set that covers the key domains of ASCVD prevention care.  

 

We believe that our approach to the development of the ESC QIs for cardiovascular disease 

prevention will facilitate their implementation in clinical practice. First, the achievement of a 

systematic review of the literature ensured that the developed QIs are derived from, and 

supported by, evidence. Second, the inclusiveness of our Working Group provided far-reaching 

representation through the close working with patients, Task Force members of the 2021 ESC 

Guidelines on Cardiovascular Disease Prevention in Clinical Practice, and EAPC experts who 

have a track records in the field of preventive cardiology.424, 436 As such, our work integrates, 
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and complements, current ESC and EAPC activities that aim to improve the quality of ASCVD 

prevention care across Europe. Third, the methodological approach used to develop these QIs 

enhances their incorporation into international registries that aim to capture key aspects of care 

delivery across a number of cardiovascular disease conditions, such as the ESC European 

Unified Registries On Heart Care Evaluation and Randomized Trials (EuroHeart) project.184     

 

While our work has a number of strengths, it does, however, have several evident limitations. 

First, we acknowledge that it may be difficult for a healthcare centre to adopt all the QIs given 

that fact that they cover many aspects of care, which may be delivered in different settings. 

Therefore, the Working Group opted not to design a composite QI because such an indicator 

could disadvantage centres that rely on community or smaller hospital services.  Also, the 

Working Group believes that efforts should be made to ensure that performance is measured 

along the continuum of patient care pathway. This may be achieved through the integration of 

systems used across various clinical settings, such as electronic healthcare records, clinical 

registries and quality improvement projects.19 Evaluating the quality of care based on data that 

do not span the full breadth of cardiovascular prevention may result in unintended 

consequences and system ‘gaming’ to improve the scores rather than the actual care quality.185  

Second, the methodology used for the development relied on expert opinion. One may argue 

that this approach created subjectivity in the selection process. However, the use of the 

modified Delphi method, the involvement of patient representatives, and the application of the 

ESC criteria to guide the voting provided a level of standardization to the process. Third, the 

developed QIs will require continuous update and revision as new evidence arises, and 

feasibility data become available. 

 

12.8 Conclusion 

 

This document defines the 2021 ESC QIs for Cardiovascular Disease prevention, which have 

been co-developed by the members of the Task Force of the 2021 ESC Guidelines on 

Cardiovascular Disease Prevention in Clinical Practice, the ESC Patient Forum, the Quality 

Indicator Committee, and EAPC. In total, 17 main and 14 secondary QIs have been defined 

across six key domains of ASCVD preventive care. These indicators cover the breadth pf 
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ASCVD prevention care, including: 1) Structural framework, 2) Risk assessment, 3) Care for 

people at risk for ASCVD, 4) Care for patients with established ASCVD and/or diabetes 

mellitus, 5) Patient education and experience, and 6) Outcomes. Their implementation in 

clinical practice will standardize the evaluation of cardiovascular preventive care.   
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Chapter 13. European Society of Cardiology Quality Indicators for the care and 

outcomes of adults with heart failure. 

Developed by the Working Group for Heart Failure Quality Indicators in collaboration with 

the Heart Failure Association of the European Society of Cardiology. 

 

Suleman Aktaa, Marija Polovina, Giuseppe Rosano, Amr Abdin, Manuel Anguita, Mitja 

Lainscak, Lars H. Lund, Theresa McDonagh, Marco Metra, Richard Mindham, Massimo 

Piepoli, Stefan Stöerk, Mariya P Tokmakova, Petar Seferović, Chris P Gale*, Andrew JS 

Coats*. 

*Contributed equally  

 

13.1 Summary of the publication: 

• Using the methodology described in Chapter 4, this paper presents the developed 

quality indicators for heart failure (HF).  

• Five domains of care for the management of HF were identified: (1) Structural 

framework, (2) Patient assessment, (3) Initial treatment, (4) Therapy optimization, 

and (5) Assessment of patient health-related quality of life. 

• In total, 12 main and 4 secondary QIs were selected across these domains. 

 

13.2 Publication status: 

 

• Published: 24 January 2022 

• Eur J Heart Fail. 2022 Jan;24(1):132-142. doi: 10.1002/ejhf.2371. 

 

13.3 Abstract 

14.3.1 Aims  

To develop a suite of quality indicators (QIs) for the evaluation of the care and outcomes for 

adults with heart failure (HF). 
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13.3.2 Methods and results  

The Working Group comprised experts in HF management including Task Force members of 

the 2021 European Society of Cardiology (ESC) Clinical Practice Guidelines for HF, members 

of the Heart Failure Association (HFA), Quality Indicator Committee and a patient 

representative. We followed the ESC methodology for QI development, which involved 1) the 

identification of the key domains of care for the management of HF by constructing a 

conceptual framework of HF care, 2) the development of candidate QIs by conducting a 

systematic review of the literature, 3) the selection of the final set of QIs using a modified-

Delphi method, and 4) the evaluation of the feasibility of the developed QIs. In total, 12 main 

and 4 secondary QIs were selected across five domains of care for the management of HF: 1) 

Structural framework, 2) Patient assessment, 3) Initial treatment, 4) Therapy optimization, and 

5) Assessment of patient health-related quality of life.  

 

13.3.3 Conclusion  

We present the ESC HFA QIs for HF, describe their development process and provide the 

scientific rationale for their selection. The indicators may be used to quantify and improve 

adherence to guideline-recommended clinical practice and thus improve patient outcomes.  

 

13.3.4 Keywords 

Heart Failure. Quality Indicators. Treatment. Accountability. Clinical Practice Guidelines. 

Outcomes. 
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13.4 Introduction  

The emergence of new therapies for heart failure (HF)449 and a focus on integrating these with 

established care,450 has created a need to develop systems in which HF management may be 

systematically monitored and optimized. Guideline-recommended therapy for HF, particularly 

HF with reduced ejection fraction, reduces morbidity and mortality.449 Yet data from clinical 

registries show substantial variation in practice and room for improved implementation of 

guideline recommendations.100, 451-453 Furthermore, the burden of polypharmacy for patients 

with HF,454 who are often comorbid and frail,455 coupled with the logistical, financial and safety 

concerns for initiating and/or up-titrating guideline-recommended therapies,456 call for the 

development of mechanisms to minimise missed opportunities to deliver optimal medical care.  

 

Quality indicators (QIs) have been increasingly used as means to measure the adherence to, 

and the outcomes associated with, guideline-recommended therapy.100 Given that QIs define a 

set of ‘exclusions’ for discrete processes of care, they allow informed interpretation of ‘real-

world’ data.185 The American College of Cardiology (ACC) and the American Heart 

Association (AHA)166 as well as other societies166, 448, 457-459 and initiatives460, 461 developed 

‘performance measures’ or QIs for HF. However, there is a need for QIs that are specifically 

designed for and applicable to the European healthcare systems, endorsed by major European 

cardiovascular and HF societies, and incorporate recent developments in HF therapy.  

 

In collaboration with the Heart Failure Association (HFA) of the European Society of 

Cardiology (ESC), the Working Group for HF QIs was established to develop a set of indicators 

for the management of adults with HF. Work was undertaken in parallel with the writing of the 

2021 ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure, and in 

collaboration with Task Force members of the Guidelines. A summary form of these indicators 

have been embedded within the Guidelines document.449 The ESC anticipates that developing 

a suite of QIs relevant to the contemporary management of adults with HF will facilitate the 

evaluation of adherence to guideline-recommended clinical practice and therefore improve the 

care and outcomes of patients with HF.  

 



 

 

320 

13.5 Methods 

The ESC methodology for the development of QIs for the quantification of cardiovascular care 

and outcomes was used.185 In brief, the methodology involves 1) the identification of the key 

domains of care for the management of HF by constructing a conceptual framework of HF 

care, 2) the development of candidate QIs by conducting a systematic review of the literature, 

3) the selection of the final set of QIs using a modified-Delphi method, and 4) the evaluation 

of the feasibility of the developed QIs.185 

 

The ESC QIs may be classified into structural, process or outcomes indicators.185 Structural 

QIs are those measures that assess the quality of care at the institutional level, while process 

QIs evaluate care quality at the individual patient’s level. Outcome QIs capture those outcomes 

that are believed to be relevant to the condition itself (such as disease complications), its 

treatment (such as adverse events to a therapy) or patient reported outcome measures (such as 

health-related quality of life). Furthermore, the ESC QIs comprise main and secondary 

indicators, whereby the main QIs were deemed to have higher validity and feasibility by the 

Working Group members and thus may be used for measurement across regions and over 

time.185 Both the main and secondary QIs may be used for local quality improvement activities.  

 

13.5.1 Members of the Working Group 

The Working Group comprised of Task Force members of the 2021 ESC Clinical Practice 

Guidelines for HF, members of the HFA, members of the ESC Clinical Practice Guidelines 

Quality Indicator Committee, experts in the management of patients with HF and a patient 

representative. A number of virtual meetings were convened between the members of the 

Working Group between February 2020 and March 2021.  

 

13.5.2 Domains of HF care  

During the initial phases of the development process, the Working Group defined the target 

population as those for whom the QIs are applicable, and identified the key domains for HF 

care. The target population was defined as patients with an established diagnosis of HF of any 
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type (heart failure with preserved ejection fraction, heart failure with mildly reduced ejection 

fraction, and heart failure with reduced ejection fraction). QIs that are only relevant to a 

particular HF type were defined accordingly. The key domains of care were established by 

constructing a conceptual illustration of the multi-faceted journey for patients with HF (Figure 

1).185  

 

Figure 1. Conceptual framework for the management of patients with Heart Failure 

 
ACE= angiotensin converting enzymes; ARB=angiotensin receptor blocker; 

ARNI=angiotensin-receptor neprilysin inhibitor; HRQoL=health-related quality of life; 

MRA= Mineralocorticoid receptor antagonists; OMT=optimal medical therapy; 

SGLT2=sodium-glucose transport protein 2, TSH=thyroid stimulating hormone; 

U&Es=urea and electrolytes.  
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We excluded patients with suspected HF from the target population to allow better 

identification of patients eligible for the aspects of care being measured.185 In addition, the 

Working Group defined for each process QI a numerator (patients who received the aspect of 

care being measured), a denominator (patients eligible for  the aspect of care being measured), 

measurement period (the timepoint at which the assessment is performed) and measurement 

duration (the time frame needed for enough cases to be collected). For the structural QIs, only 

numerator definitions were provided given these are binary measurements (yes, no) which 

capture information about the availability of resources and infrastructure.185 

 

13.5.3 Systematic review  

13.5.3.1 Search strategy  

We conducted a systematic review of the published literature in accordance with the Preferred 

Reporting Items for Systematic Review and Meta-analyses statement (Appendix Table A1).172 

We searched two online bibliographic databases; MEDLINE and Embase via OVID®. The 

initial search strategy was developed in MEDLINE using keywords and, when available, 

medical subject headings (MeSH) terms based on three main terms: “heart failure”, “quality 

indicators” and “outcome measures” with a variety of other terms (Appendix Table A2). The 

final search strategies were then developed using an iterative process which included citation 

search and hand search of the references of the identified articles. 

 

We included two types of studies: randomized controlled trials and controlled observational 

studies, including publications from clinical registries. We included the main publications of 

the major trials and registries from which our search obtained only sub-studies, and reviewed 

the studies included in the retrieved systematic reviews and meta-analyses against our inclusion 

criteria. The search was restricted to English language and publication dates between 01 

January 2016 and 30 July 2020 given the year 2016 corresponds to the publication of the ESC 

Clinical Practice Guidelines for HF.462  
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13.5.3.2 Eligibility criteria  

We included articles fulfilling the following criteria: 1) the study population was adult patients 

(≥18 years old) with HF , 2) the study explicitly defined an intervention (structural or process 

aspect of HF care) for which at least one outcome measure was evaluated, 3) the outcome 

measures were hard endpoints (e.g., mortality, re-admission) or patient reported outcomes (e.g., 

quality of life), 5) the study provided definitions for the intervention and outcome measure(s) 

evaluated and 6) the study was a peer-reviewed randomized controlled trial or controlled 

observational study.  

 

13.5.3.3 Study selection  

EndNote X9 was used for reference management and for duplicate removal. Two reviewers 

(SA and MP) independently examined the abstracts of the studies retrieved from the search 

against the inclusion criteria. Disagreements were resolved through a full text review of the 

article or by consulting a senior author (CPG).  

 

13.5.3.4 Quality assessment and Data extraction  

Studies that met the eligibility criteria were included in the initial phase of the review. This 

broad inclusion was important to ensure that the list of initial (candidate) QIs was 

representative of a wide range of HF care. The full texts of the included articles were reviewed 

by two authors (SA and MP) and for each study both the intervention studied and the outcome 

measure(s) evaluated were extracted to an Excel spreadsheet. Definitions of the data items 

extracted were also obtained when provided in the study.   

 

13.5.3.5 Clinical Practice Guidelines and existing QIs  

In addition to the systematic review, Clinical Practice Guidelines and existing QIs pertinent to 

HF management from selected professional organizations were reviewed.462-466 The goal of the 

Clinical Practice Guidelines review was to assess the suitability of their recommendations with 

the strongest association with benefit and harm (Class I and III, respectively) against the ESC 

criteria for QIs (Appendix Table A3).185 We also reviewed existing QIs and ‘performance 
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measures’ for patients with HF including that from the National Institute for Health and Care 

Excellence (NICE), Canadian Cardiovascular Society and Get With The Guidlelines.166, 448, 457-

459  

 

13.5.3.6 Data synthesis  

13.5.3.6.1 Modified Delphi process  

The candidate QIs which were derived from the aforementioned process were evaluated by the 

Working Group members using the modified Delphi method.185 The ESC criteria for QI 

development (Appendix Table A3) were shared with the Working Group members prior to 

voting in order to standardize the selection process. All proposed QIs were individually graded 

by each panellist via online questionnaires using a 9-point ordinal scale for both validity and 

feasibility.185 Two rounds in total were conducted, with a number of teleconferences after each 

round to discuss the results of the vote and address any concerns or ambiguities.  

 

13.5.3.6.2 Analysing voting results  

The 9-point ordinal scale used for voting implied that ratings of 1 to 3 meant that the QI is not 

valid/feasible; ratings of 4 to 6 meant that the QI is of an uncertain validity/feasible; and ratings 

of 7 to 9 meant that the QI is valid/feasible. For each candidate QI, the median and the mean 

deviation from the median were calculated to evaluate the central tendency and the dispersion 

of the votes. Indicators, with median scores ≥7 for validity, ≥4 for feasibility, and with minimal 

dispersion, were included in the final set of QIs.185 The candidate QIs that met the inclusion 

criteria in the first voting round, with those that have the same strength of recommendations in 

the 2021 ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure, 

were defined as main QIs. The QIs which met the inclusion criteria after the second round of 

voting were defined as secondary indicators.  

 

13.6 Results  

 

13.6.1 Domains of HF Care 



 

 

325 

Five domains of care for the management of HF were identified by the Working Group. These 

domains included: 1) Structural framework, 2) Patient assessment, 3) Initial treatment, 4) 

Therapy optimization, and 5) Assessment of patients’ health-related quality of life (Figure 2).  

 

Figure 2. ESC HFA quality indicators for the management of patients with heart failure.  

 

 
Ax=assessment; ACE= angiotensin converting enzymes; ARB=angiotensin receptor blocker; 

ARNI=angiotensin-receptor neprilysin inhibitor; CR= Cardiac rehabilitation; CRT= cardiac 

resynchronization therapy; ECG= electrocardiogram; EF= ejection fraction; 

ESC=European Society of Cardiology; FU= follow up; HF=heart failure; HFA= Heart 

Failure Association, HFrEF=heart failure with reduced ejection fraction; HRQoL=health-
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related quality of life; ICD= implantable cardioverter-defibrillators, MDT= 

multidisciplinary team; MRA= mineralocorticoid receptor antagonists, NP=natriuretic 

peptides; QIs=quality indicators, Rx= treatment; SGLT2i= sodium-glucose cotransporter 2 

inhibitors 

Blood results include: urea, creatinine, electrolytes, full blood count, glucose, HbA1c, TSH, 

liver function test, lipids and iron profile. Β-blockers are bisoprolol, carvedilol, sustained-

release metoprolol succinate or nebivolol. 

 

13.6.2 Systematic review results 

The literature search retrieved 6556 articles, of which 237 met the inclusion criteria (Figure 3). 

These articles were used to extract 71 ‘candidate’ QIs (Appendix Table A4), which were voted 

upon in the first Delphi round. Of those, 10 (14%) QIs met the inclusion criteria, and were, 

thus included as main indicators, 49 (69%) QIs were excluded, and 12 (17%) QIs were carried 

to the second round. Following the second Delphi round 6 (50%) QIs met the criteria for 

inclusion, 2 (33%) of which were upgraded to main QIs to align with the level of 

recommendation in the 2021 ESC HF Guidelines, and 4 (67%) were included as secondary 

indicators. As such, a total of 12 main and 4 secondary QIs were included in the final set of the 

2021 ESC HFA QIs for HF (Figure 2).  
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Figure 3. PRISMA flowchart for the studies included in the systematic review.  

 
Preferred Reporting Items for Systematic Reviews and Meta-Analyses 

*Search dates 01 January 2016 to 30 July 2020 including the 2016 ESC Guidelines for the 

diagnosis and treatment of acute and chronic heart failure. 

 

13.6.3 Quality Indicators  

 

13.6.3.1 Domain 1: Structural framework 
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Structural QIs allow the measurement of aspects of care that may be difficult to capture on the 

individual patient level.185 While such a measurement may be an indirect assessment of care 

quality, it has a role in the implementation of evidence based interventions for HF and an 

association with outcomes.467, 468 Furthermore, structural QIs address aspects of HF care that 

are under the influence of healthcare authorities.469 

 

Table 1. ESC HFA quality indicators for the management of patients with heart failure. 

Domain 1. Structural framework 

Main (1.1)⁋: Centre should have a dedicated multidisciplinary team to manage patients with 

HF 

Numerator: Availability of a dedicated multidisciplinary team to manage patients with HF. 

Main (1.2) ⁋: Centres should have dedicated trained healthcare professionals to deliver HF 

specific education to facilitate patient self-care 

Numerator: Availability of dedicated trained healthcare professionals to deliver HF specific 

education to facilitate patient self-care. 

Domain 2. Patient assessment  

Main (2.1)*: Proportion of patients with HF who have a documentation of their HF clinical 

type (HFrEF, HFmrEF, HFpEF) 

Numerator: Number of patients with HF who have a documentation of their HF clinical type 

(HFrEF, HFmrEF, HFpEF). 

Denominator: Number of patients with HF. 

Main (2.2)*: Proportion of patients with HF who have a documentation of their ECG 

findings 

Numerator: Number of patients with HF who have a documentation of their ECG findings$. 

Denominator: Number of patients with HF. 

Main (2.3)*: Proportion of patients with HF who have their NPs measured 

Numerator: Number of patients with HF who have a documentation of their NP levels&. 

Denominator: Number of patients with HF. 

Main (2.4)*: Proportion of patients with HF who have their blood tests documented 

Numerator: Number of patients with HF who have a documentation of their creatinine, U&Es, 

FBC, glucose, HbA1c, TSH, LFTs, lipids, and iron profile results documented^. 
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Denominator: Number of patients with HF. 

Main (2.5)*: Proportion of patients hospitalized with HF who have been referred for a 

cardiac rehabilitation program   

Numerator: Number of patients with HF who have been referred for a cardiac rehabilitation 

program following HF hospitalization. 

Denominator: Number of patients hospitalized with HF. 

Secondary (2.1)*: Proportion of patients hospitalized with HF who have a follow up review 

by a healthcare professional within 4 weeks from their hospital discharge  

Numerator: Number of patients with HF who have a follow up review by a healthcare 

professional within 4 weeks following HF hospitalization. 

Denominator: Number of patients hospitalized with HF. 

Domain 3. Initial treatment   

Main (3.1)*: Proportion of patients with HFrEF who are prescribed the beta-blocker 

bisoprolol, carvedilol, sustained-release metoprolol succinate, or nebivolol in the absence of 

any contraindications 

Numerator: Number of patients with HFrEF who are prescribed the beta-blocker bisoprolol, 

carvedilol, sustained-release metoprolol succinate, or nebivolol. 

Denominator: Number of patients with HFrEF without any contraindications for the beta-blocker 

bisoprolol, carvedilol, sustained-release metoprolol succinate, and nebivolol. 

Main (3.2)*: Proportion of patients with HFrEF who are prescribed ACE inhibitor, ARB or 

ARNI in the absence of any contraindications 

Numerator: Number of patients with HFrEF who are prescribed an ACE inhibitor, ARB or ARNI. 

Denominator: Number of patients with HFrEF without any contraindications for ACE inhibitors, 

ARBs and ARNI. 

Main (3.3)*: Proportion of patients with HFrEF who are prescribed an MRA in the absence 

of any contraindications 

Numerator: Number of patients with HFrEF who are prescribed an MRA. 

Denominator: Number of patients with HFrEF without any contraindications for MRA. 

Main (3.4)*: Proportion of patients with HFrEF who are prescribed a SGLT2 inhibitor in the 

absence of any contraindications 

Numerator: Number of patients with HFrEF who are prescribed a SGLT2 inhibitor.  

Denominator: Number of patients with HFrEF without any contraindications for SGLT2 inhibitor. 
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Main (3.5)*: Proportion of patients with HF who are prescribed loop diuretic therapy if they 

have evidence of fluid retention  

Numerator: Number of patients with HF, with evidence of fluid retention who are prescribed loop 

diuretic therapy. 

Denominator: Number of patients with HF who have evidence of fluid retention and no 

contraindications diuretic therapy. 

Domain 4. Therapy optimization   

Secondary (4.1)*: Proportion of symptomatic patients with HFrEF in sinus rhythm with a QRS 

duration ≥150 msec and LBBB QRS morphology and with LVEF ≤35% despite ≥3 months 

OMT who are offered CRT 

Numerator: Number of symptomatic (NYHA II–III) patients with HFrEF in sinus rhythm with a 

QRS duration ≥150 msec and LBBB QRS morphology and with LVEF ≤35% despite ≥3 months 

OMT who are offered CRT. 

Denominator: Number of symptomatic (NYHA II–III) patients with HF in sinus rhythm with a 

QRS duration ≥150 msec and LBBB QRS morphology and with LVEF ≤35% despite ≥3 months 

OMT. 

Secondary (4.2)*: Proportion of symptomatic patients with HF, LVEF ≤35% despite ≥3 

months of OMT, and IHD who are offered primary prevention ICD 

Numerator: Number of symptomatic (NYHA II–III) patients with HF, LVEF ≤35% despite ≥3 

months of OMT, and IHD who are offered primary prevention ICD. 

Denominator: Number of symptomatic (NYHA II–III) patients with HF, LVEF ≤35% despite ≥3 

months of OMT, and IHD who are expected to survive substantially longer than one year with 

good functional status. 

Domain 5. Assessment of patient HRQoL  

Secondary (5.1)*: Proportion of patients with HF who have an assessment of their HRQoL 

using a validated tool 

Numerator: Number of patients with HF who have an assessment of their HRQoL using a 

validated tool 

Denominator: Number of patients with HF.  

ACE= angiotensin converting enzymes; ARB=angiotensin receptor blocker; 

ARNI=angiotensin-receptor neprilysin inhibitor; CRT=cardiac resynchronization therapy; 

ECG=electrocardiogram; ESC=European Society of Cardiology; FBC=full blood count; 

HbA1c=glycated haemoglobin; HF=heart failure; HFA=Heart Failure Association; 
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HRQoL=health-related quality of life; HFmrEF=heart failure with mildly reduced ejection 

fraction; HFpEF=heart failure with preserved ejection fraction; HFrEF=heart failure with 

reduced ejection fraction; ICD=implantable cardioverter defibrillator; IHD-ischaemic heart 

disease; LFTs=liver function tests, LVEF=left ventricular ejection fraction; MRA= 

Mineralocorticoid receptor antagonists; NP=natriuretic peptides; NYHA= New York Heart 

Association; OMT=optimal medical therapy; QIs=quality indicators; SGLT2=sodium-

glucose transport protein 2, TSH=thyroid stimulating hormone; U&Es=urea and 

electrolytes.  

⁋Measurement period=the time of enrolment in a registry or quality improvement program, 

and annually thereafter.  

*Measurement period= the time of outpatient visit or hospital discharge, measurement 

duration=12 months, exclusion criteria=patients with advanced heart failure who are not 

considered for heart transplant and/or mechanical circulatory support.     
$ECG findings must include rhythm, rate, and QRS complexes that are recorded within a 12-

month period from the time of outpatient visit or hospital discharge. 
&Natriuretic peptide (NP) measurement is defined as recorded levels of B-type NP (BNP) or 

NT-proBNP within a 3-monht period from the time of heart failure diagnosis.   
^Blood test measurement must be performed within a 6-months period from the time of 

outpatient visit or hospital discharge. 

 

Thus, two main QIs were proposed in this domain; the availability of a dedicated 

multidisciplinary team for the management of patients with HF (Main 1.1) and the availability 

of dedicated healthcare professional(s) who may be able to deliver HF specific education to 

facilitate patient self-care (Main 1.2). These are key aspects of HF care, and have been shown 

to be associated with improved outcomes (Table 1).470-472 Multidisciplinary HF management 

is defined as a holistic assessment for patients with HF that do not solely focus on HF treatment, 

but extends to risk factor control and lifestyle modification, as well as to the patient’s overall 

physical and mental wellbeing.449   

 

13.6.3.2 Domain 2: Patient assessment  
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The clinical type of HF determines the appropriateness and the eligibility for certain guideline-

recommended interventions, such as novel medications or device therapy.449 Accordingly, the 

evaluation and the documentation of the clinical type of HF (heart failure with preserved 

ejection fraction, heart failure with mildly reduced ejection fraction, and heart failure with 

reduced ejection fraction) (Main 2.1) and patient’s ECG findings (Main 2.2) are indicators of 

care quality for patients with HF (Table 1).449 Moreover, natriuretic peptide concentrations 

(Main 2.3), which may guide the diagnosis and the prognostication of HF, and other relevant 

blood tests (Main 2.4) are important variables to enable holistic assessment of patient’s health.  

 

Given the importance of extended patient assessment following a hospitalization with HF, post-

discharge interventions, such as cardiac rehabilitation (Main 2.5) and early follow up 

(Secondary 2.1), have been associated with improved patients’ outcomes(Table 1).472, 473  

 

13.6.3.3 Domain 3: Initial treatment   

Pharmacotherapy forms the cornerstone of the management of patients with HF. For those with 

heart failure with reduced ejection fraction in particular, there are a number of guideline-

recommended therapies that improve prognosis, and recent studies have both consolidated the 

existing evidence on established therapies and provided additional options that should be 

considered.449 Such therapies for patients with heart failure with reduced ejection fraction 

include 1) the beta-blocker bisoprolol, carvedilol, sustained-release metoprolol succinate or 

nebivolol (Main 3.1),  2) angiotensin converting enzyme (ACE) inhibitor, angiotensin receptor 

blockers (ARB) or angiotensin receptor neprilysin inhibitor (ARNI) (Main 3.2), 3) 

mineralocorticoid receptor antagonists (Main 3.3), and 4) sodium-glucose cotransporter 2 

(SGLT2) inhibitors (Main 3.4) (Table 1).449 Main 3.5 captures the prescription of loop 

diuretics for patients with HF who have evidence of fluid retention (Table 1).449  The 

contraindications for the medications captured in this domain are provided in the supplement 

(Appendix Table A5). 

 

13.6.3.4 Domain 4: Therapy optimization  
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Clinical outcomes can be improved with cardiac resynchronization therapy for patients in sinus 

rhythm with left ventricular ejection fraction ≤35%, a QRS duration ≥150 msec, and a left 

bundle branch block morphology on their ECG who remain symptomatic despite at least three 

months of optimal medical therapy (Secondary 4.1), and with primary prevention implantable 

cardioverter-defibrillators for those who are symptomatic with a left ventricular ejection 

fraction ≤35% despite at least three months of optimal medical therapy and have a history of 

ischaemic heart disease, with life expectancy greater than 1 year (Secondary 4.2) (Table 1).449  

 

13.6.3.5 Domain 5: Assessment of patient health-related quality of life 

Despite an existing methodology for the development and patients reported outcome 

measures,381 their implementation in clinical practice is limited by the burden of data 

collection. The International Consortium for Health Outcomes Measurement (ICHOM) 

recommends the use of the shortened Kansas City Cardiomyopathy Questionnaire (KCCQ-

12) to assess patients’ health-related quality of life.457 However, generic measurement tools, 

such as the EuroQoL Group Quality of Life Questionnaire, have also been used in the 

literature.473 As such, the Working Group agreed to recommend the use of a ‘validated tool’ 

for the assessment of patients’ health-related quality of life (Secondary 5.1). Furthermore, 

given the concerns about the feasibility of capturing health-related quality of life in clinical 

practice, this QI has been designed as a process QI, rather than an outcome measure. Thus, 

the assessment of the patient’s health-related quality of life would constitute an 

accomplishment of the QI without setting certain scores as targets for therapy (Table 1).166  

 

Other outcome QIs pertinent to HF (Appendix Table A4), such as mortality and 

rehospitalization rates were included in the list of candidate QIs, but none met the inclusion 

criteria in either of the voting rounds and were excluded.  

 

13.6.3.6 Composite QIs 

The composite QIs is a combination of two or more indicators into a single score, and serve to 

condense a number of individual QIs into a comprehensive assessment of care quality.185 

Composite QIs provide more reliable information about benchmarking compared with 

individual indicators.474 Whilst a number of methods exist for the development of composite 
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QIs, the Working Group opted for the opportunity-based and the all-or-none.475 The 

opportunity-based is calculated by counting the total number of opportunities in which the 

individual component QIs were indicated and the total number of times in which these QIs 

were successfully accomplished. Whereas, one patient may contribute to a number of 

opportunities in the opportunity-based composite QI, the all-or-none counts the proportion of 

patients who attain all components of the composite QIs for which they were eligible.475 Table 

2 shows the individual component QIs for both the opportunity-based (Composite main) and 

the all-or-none (Composite secondary) composite QIs in the 2021 ESC HFA QIs for HF.  

 

Table 2. Composite QIs 

Composite QIs  

Composite main: Opportunity-based  

Calculated on 6 individual QIs in patients with LVEF > 40%: 

1. Proportion of patients with HF who have a documentation of their HF clinical type (HFrEF, 

HFmrEF, HFpEF). 

2. Proportion of patients with HF who have a documentation of their ECG findings. 

3. Proportion of patients with HF who have their NPs measured. 

4. Proportion of patients with HF who have their blood tests checked. 

5. Proportion of patients hospitalized with HF who have been referred for a cardiac 

rehabilitation program. 

6. Proportion of patients hospitalized with HF who have a follow up review by a healthcare 

professional within 4 weeks from their hospital discharge. 

 

Calculated on 12 individual QIs in patients with LVEF ≤ 40%: 

1. Proportion of patients with HF who have a documentation of their HF clinical type (HFrEF, 

HFmrEF, HFpEF). 

2. Proportion of patients with HF who have a documentation of their ECG findings. 

3. Proportion of patients with HF who have their NPs measured. 

4. Proportion of patients with HF who have their blood tests checked. 

5. Proportion of patients hospitalized with HF who have been referred for a cardiac 

rehabilitation program. 
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6. Proportion of patients hospitalized with HF who have a follow up review by a healthcare 

professional within 4 weeks from their hospital discharge. 

7. Proportion of patients with HFrEF who are prescribed the beta-blocker bisoprolol, 

carvedilol, sustained-release metoprolol succinate, or nebivolol in the absence of any 

contraindications. 

8. Proportion of patients with HFrEF who are prescribed ACE inhibitor, ARB or ARNI in the 

absence of any contraindications. 

9. Proportion of patients with HFrEF who are prescribed an MRA in the absence of any 

contraindications. 

10. Proportion of patients with HFrEF who are prescribed a SGLT2 inhibitor in the absence of 

any contraindications. 

11. Proportion of symptomatic patients with HFrEF in sinus rhythm with a QRS duration ≥150 

msec and LBBB QRS morphology and with LVEF ≤35% despite OMT who are offered 

CRT. 

12. Proportion of symptomatic patients with HF, LVEF ≤35% despite ≥3 months of OMT, and 

IHD who are offered primary prevention ICD. 

Numerator: Number of times each of the above individual QIs were accomplished correctly*.  

Denominator: Number of chances existed to deliver individual QIs based on the inclusion criteria 

of each QI (Table 1). 

Composite secondary: All-or-none  

1. Proportion of patients with HFrEF who are prescribed the beta blocker bisoprolol, 

carvedilol, sustained-release metoprolol succinate, or nebivolol in the absence of any 

contraindications. 

2. Proportion of patients with HFrEF who are prescribed ACE inhibitor, ARB or ARNI in the 

absence of any contraindications. 

3. Proportion of patients with HFrEF who are prescribed an MRA in the absence of any 

contraindications. 

4. Proportion of patients with HFrEF who are prescribed a SGLT2 inhibitor in the absence of 

any contraindications. 

Numerator: Number of patients who are eligible for and have accomplished all the above 

individual QIs.   

Denominator: Number of patients who are eligible for all the above individual QIs based on the 

inclusion criteria of each QI (Table 1).  
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ACE= angiotensin converting enzymes; ARB=angiotensin receptor blocker; 

ARNI=angiotensin-receptor neprilysin inhibitor; CRT=cardiac resynchronization therapy; 

CQI=composite quality indicator; ECG=electrocardiogram; ESC=European Society of 

Cardiology; HF=heart failure; HFA=Heart Failure Association; HRQoL=health-related 

quality of life; HFmrEF=heart failure with mildly reduced ejection fraction; HFpEF=heart 

failure with preserved ejection fraction; HFrEF=heart failure with reduced ejection fraction; 

ICD=implantable cardioverter defibrillator; LVEF=left ventricular ejection fraction; MRA= 

Mineralocorticoid receptor antagonists; NP=natriuretic peptides; OMT=optimal medical 

therapy; QIs=quality indicators; SGLT2=sodium-glucose transport protein 2. 

*Weighting for the individual component QIs within the composite is not provided here as 

this needs to be determined according to the volume of opportunities for these QIs for a 

particular hospital (e.g., a hospital that frequently has patients eligible for 

pharmacotherapies for HF but rarely performs implantable cardioverter defibrillator (ICD) 

implantation would be scored in a manner that weights pharmacotherapy QIs more heavily). 

 

13.7 Discussion  

 

This document presents the first ESC suite of QIs for the evaluation of HF care. These QIs are 

derived from evidence, underpinned by expert consensus and provide the means for quality 

improvement initiatives. The simultaneous development of these QIs and the 2021 ESC 

Clinical Practice Guidelines for HF has facilitated a seamless incorporation of these indicators 

within the Guideline document, and provided translation for some Guideline recommendations 

into specific and measurable indicators.449 Furthermore, the a priori identification of key 

domains which span the continuum of HF care, as well as the engagement of Working Group 

members from diverse backgrounds and expertise has ensured that the QIs presented in this 

document are relevant to clinical practice and cover the breadth of HF care.  

 

In 2011, the ACC/AHA developed a set of ‘performance measures’ for HF.476 However, they 

may not be generalizable to European clinical practice and mechanisms by which information 

may be captured.477 Furthermore, the 2020 update of the ACC/AHA ‘performance measures’ 
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set did not include indicators for SGLT2 inhibitors or composite QIs.166 A comparison between 

the 2021 ESC QIs for HF and the 2020 ACC/AHA Clinical Performance and Quality Measures 

for Adults with HF is presented in Appendix Table A6. For example, the ESC QIs recommend 

follow up after hospitalization with HF within four weeks and compares a recommendation of 

seven days in the ACC/AHA set – the ESC Working Group deemed a 4-week follow up more 

feasible for the European healthcare systems.  

 

The QIs presented in this document were developed using a standardized methodology.185 They 

may facilitate the monitoring and reporting of the quality of HF care, which is a mandatory 

component of accountable healthcare systems.448 HF is a major cause of hospital admissions 

of adult patients worldwide,478 with substantial rates of re-hospitalization, high mortality and a 

growing economic burden.479 Establishing a set of measurable indicators for HF care quality 

provides a mechanism to improve adherence to guideline-recommended therapies449 and help 

reduce the burden of HF through an integration with international quality improvement 

collaborations, such as the European Unified Registries on Heart care Evaluation and 

Randomized Trials (EuroHeart) project.45  

 

Healthcare quality assessment is determined by the methods by which the QIs are developed, 

the clinical setting(s) in which the indicators are implemented and the interpretation of the 

measurement results.185 While the association between quality measurement in HF and 

improvement in clinical outcomes may be difficult to illustrate,480, 481 this challenge creates a 

need to establish an integrated quality improvement programs that capture longitudinal data 

relevant to the care for patients with HF across various settings.456, 482 It is anticipated that the 

ESC QIs will serve as a catalyst for HF quality improvement by highlighting areas with 

suboptimal attainment for guideline-recommended therapies, and evaluating the temporal and 

geographical patterns of HF care. 

 

Whilst our study has a number of strengths, we acknowledge its limitations. First, we relied on 

expert opinion to arrive at the final set of QIs following the systematic review of the literature. 



 

 

338 

However, we used a modified Delphi method that independently involved experts’ votes to 

select main and secondary QIs  and applied the ESC criteria to standardize the voting process. 

Second, whilst the Working Group agreed on the importance of outcome QIs, these were not 

included in the final set of QIs given the concerns about the feasibility of capturing these data 

across various healthcare systems in Europe. Third, reflecting the current gaps in knowledge 

base, we have not developed QIs that are specific for HF with preserved ejection fraction.449 

Fourth, the opportunity-based method is influenced by the frequency, rather than the 

importance, of the individual component QIs.483 Fifth, the all-or-none method does not 

distinguish between providers that achieve some of the individual component QIs from those 

who achieve none of the indicators.483 Sixth, only process QIs were included in the composites 

because no outcome QIs were included in the developed set. However, composite scores tend 

to be predominantly influenced by their process components.484 Seventh, more refinement of 

the QIs (including the composites) and/or their definitions may be needed in the future when 

more feasibility data become available. Finally, we recommend that future Working Groups 

include other members of the HF multidisciplinary team, such as nurses and pharmacists.  

 

13.8 Conclusion 

 

This document defines 12 main and 4 secondary QIs across five domains of care for the 

management of HF: 1) Structural framework, 2) Patient assessment, 3) Initial treatment, 4) 

Therapy optimization, and 5) Assessment of patient health-related quality of life. For each QI, 

relevant specifications were described to enhance their use in practice. The recommended set 

of QIs may facilitate the implementation of, and assess the adherence to, Clinical Practice 

Guidelines and enable institutions to monitor, compare, and improve quality of care in patients 

with HF. 
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PART III 

 

Chapter 14. Discussion 

 

In this Chapter, I will present the accomplishments of my PhD studies and critically discuss 

the strengths and weaknesses of the methodology used. Then I will discuss my individual role 

and suggest a future direction based on the findings of this PhD studies.  

 

14.1 Accomplishments of the PhD studies  

 

This thesis presents my involvement in an international collaboration that aims to develop the 

standards by which the collection of CVD data is defined and the methods by which the 

quality of CVD care is measured. The overarching aim of my PhD studies is to harmonise the 

clinical definitions for data standards and QIs (hereafter collectively referred to as data 

variables) for common CVD conditions, such that quality improvement initiatives and 

research activities can be integrated with routine clinical care.  

 

I have developed a methodological approach and established an operational framework for 

the construction of data variables for CVD. As such, consistency in the development of data 

variables for CVD can be achieved across different domains and regions. The endorsement of 

major cardiovascular societies for the developed data variables highlights the need for such 

tools to reduce the burden of data collection for CVD,34, 35, 485  but also illustrates the 

appropriateness of the methods used and the applicability of the developed data variables in 

practice.  

 

The publication of the methodology by which the data variables were developed allows 

healthcare professional around the world to use this stepwise approach to establish data 

variables that are relevant to their local practice. In addition, the implementation of the 

developed methodology in constructing data variables for various CVD conditions and 
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interventions illuminates the feasibility of the process and provide methodologically defined 

sets of data variables that may be adopted by healthcare organisations to facilitate data 

collection and quality improvement endeavours in cardiovascular medicine.  

 

The reliance on existing knowledge and high-quality evidence to developed data variables for 

CVD, besides the involvement of a wide range of key stakeholders including patient 

representatives creates a balance between clinical validity and feasibility.184 Furthermore, the 

diversity of the clinical topics for which data variables were developed during this PhD 

studies, including AMI and heart failure, illustrates the prioritisation of common 

cardiovascular conditions that are of importance to patients and society.  

 

Furthermore, I have not only developed data variables for various CVD conditions, but also 

applied these variables to show their clinical uses in practice. For instance, I measured the 

AMI QIs using national databases to evaluate the quality of care for patients presenting with 

AMI in England and Wales during the COVID-19 pandemic.192 In addition, the EuroHeart 

data standards were programmed into a dedicated IT platform, which has been implemented 

in a number of European countries.  

 

The accomplishments of this PhD studies serve as a catalyst for the establishment of a unified 

system for quality assurance that reduces the burden of CVD and improve patient outcomes. 

Standardising the methods by which cardiovascular data are defined, collected and 

interpreted, facilitates evidence development and creates generalisable knowledge that can be 

used to better understand the patterns of CVD and illuminate disparities, inequalities and 

areas for improvement.   

 

14.2 The gap that this PhD studies address  
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The systematic collection of structured healthcare data has been increasingly recognised in 

cardiovascular medicine.486 This recognition has been exponentially emphasised during the 

COVID-19 pandemic, which has placed healthcare systems around the world under 

unprecedented pressure.31, 487 The pandemic illustrated the importance of unifying the 

medical lexicon and harmonising the data definitions across countries given the crucial role 

that the cardiovascular registries played in understanding the changes in the patterns of CVD 

care and its outcomes during compared with before the pandemic.76, 77, 192  

 

Thus, the efforts that aim to harmonise the definitions of cardiovascular data variables across 

different settings, including clinical care and research, as well as across regions need to be 

prioritised such that redundancy in data collection can be reduced.67 Such a harmonisation 

facilitates the integration between segregated initiatives that aim to improve the quality of 

CVD care and capture patient outcomes efficiently and cost-effectively.    

 

The successes of national registries such as NICOR and SWEDEHEART provide a proof of 

the concept that clinical registries have a role in improving quality, addressing disparities and 

conducting high-quality observational and randomised research. However, there remains a 

need for a unified international collaboration that uses a federated approach in which national 

registries for CVD across Europe are harmonised. As such, comparative analyses and large 

clinical trials can be performed using routinely collected data.45 Furthermore, the 

establishment of a pan-European system for harmonised data collection for CVD allows the 

post-marketing surveillance for new drugs and devices. Such a system is mostly needed 

considering the exponential advances in the development of new technologies for CVD.2, 488   

 

In addition to creating systems that are enabled to continuously capture harmonised data for 

CVD, developing well-defined parameters that are selected methodologically and according 

to contemporary evidence allows the structured assessment of quality-of-care and outcomes. 

Thus, the construction of sets of QIs for various CVD conditions and implementing these QIs 
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into the EuroHeart registries provides an integrated system in which data are utilised to 

measure and improve patient care across different settings.  

 

Thus, the accomplishments of my PhD studies which are presented in this thesis help address 

the transitional gaps between science and practice and aim to reduce the burden of CVD 

(Figure 2).36, 44 

 

14.3 Addition to existing knowledge  

Despite the efforts that have been undertaken by professional organisations around the world 

to standardise the nomenclature for CVD,143, 147, 151, 153, 489-501 variation in the definitions of 

CVD data variables persists. This thesis presents a comprehensive system that enables the 

integration of various initiatives that aim to improve CVD care and outcomes by defining 

scientifically valid, yet feasible standards for the collection of cardiovascular data across 

various settings.502 

 

My PhD is the first step in achieving complete semantic interoperability for CVD across 

different systems.503 Whether extracting data from EHRs or clinical registries, developing 

phenotyping algorithms to identify patients with certain traits using machine learning and 

natural language processing require standardised ontologies for each of the clinical 

terminology.504 However, an essential prerequisite for such ontologies is the availability of 

clinical definitions for a methodologically selected set of data variables for each of the 

conditions or interventions (15.7 Future direction).504  

 

In my PhD, I have developed a framework for the selection of data variables to CVD and 

identified the specifications needed for data standards and these for QIs. Such an 

identification allows end users to implement the variables that best suites the goal(s) for 

which data are collected and then map these definitions to their respective ontologies. Hence, 

data are exchanged seamlessly across settings, diseases and regions with a preservation of the 

conceptual meaning of the exchanged data.505  
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14.4 Appraisal of the used methodology    

Underpinning the development of the data standards and QIs is a common methodology that 

shares key features with this of the Clinical Practice Guidelines (Figure 1).40 However, each 

of these processes has its unique specifications and development strategies that I described 

separately for data standards184 and QIs (PART II).506 In this section, I will discuss the 

common steps in these methodologies and explore alternative approaches that could have 

been adopted, with an illustration of the strengths and weaknesses for each approach.  

 

Figure 1. Common methodological components of the development of QIs, data standards 

and Clinical Practice Guidelines  

 

COR=class of recommendations, LOE=level of evidence, QI= quality indicators 

 

14.4.1 Alternative methodologies 
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There are two major methods that have been adopted in the literature to develop data 

variables for the collection and measurement of the processes and outcomes of health care. 

First, the inductive approach which involves the derivation of data variables from the 

information that is available within a particular data source(s), such as a registry or EHR.507, 

508 This approach ensures the feasibility of the selected data variables, but not necessarily 

their alignment with contemporary knowledge. Besides, this approach may miss measuring 

key concepts of care delivery that are not captured in the data sources from which the data 

variables are derived.509   

 

Second, the direct derivation of data variables from strong guideline recommendations, 

typically class of recommendations I and III. That is rephrasing these recommendations into 

specific measures of care quality with a defined target population, eligibility (denominator) 

and accomplishment (numerator) criteria. This approach is called the deductive approach and 

is by far the most commonly used method to develop data variables, particularly QIs in health 

care.509 This method ensures the validity of the data variables given the strong evidence the 

underpins their selection, but lacks the capture of important aspects of care for which strong 

guideline recommendations are difficult to develop. For example, structural aspects of care 

(e.g. availability of certain services) and its outcomes (e.g. quality of life) may not be 

assigned a strong recommendations in Clinical Practice Guidelines.509 

 

14.4.1.1 ACC/AHA methodology  

In 2005, the ACC/AHA Task Force on Performance Measures published their methodology 

for the development of performance and quality measures for CVD,163 and updated some key 

methodological aspects 5 years later.421 The Task Force adopted the deductive approach and 

recommended conducting a literature review to guide the development of performance and 

quality measures. In addition, it combined available evidence with expert opinion and used a 

systematic method (Delphi approach) to obtain experts’ opinion.421 This methodology has 

been widely adopted for the development of performance and quality measures for CVD in 

the US.162 However, its applicability in a healthcare system other than the North American 

one may be limited for a number of reasons.  
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First, the lack of an update to the ACC/AHA methodology to incorporate new approaches in 

data variable development. Second, whilst the methodology recommends the conduction of a 

literature review as part of the development process, it does not define the specifications of 

this review. Third, the tendency to promote the ACC/AHA Performance Measures as tools to 

guide pay-for-performance and re-imbursement initiatives may be associated with several 

unintended consequences as discussed in the next section.185  

 

14.4.2 Linkage of performance measurement with payment   

 

Linking QIs with payment incentives in pay-for-performance programs may leads healthcare 

centres to shift their focus towards improving the quality scores rather than improving the 

quality-of-care.510, 511 Moreover, performance measurement may only identify the 

consequences, but not the underlying cause(s) of a certain gap in care delivery. This may 

result in the implementation of ineffective interventions that primarily aim to address the 

symptoms of a problem rather its actual roots and causes (e.g. change the coding strategy of 

certain condition).512  

 

Another issue which may arise from linking performance measurement with payment 

incentives is that healthcare regulators often prioritise outcomes (e.g. mortality) as the main 

indicatory of care quality. However, these outcomes are substantially determined by factors 

other than the quality-of-care (e.g. baseline risk and comorbidities), even when risk-

adjustment methods are applied.447 As such, linking performance measurement with payment 

may result in ‘cherry-picking’ patients with the lowest perceived risk of unfavourable 

outcomes which my disadvantage patients with higher baseline risk who may be eligible, but 

not offered, particular processes of care.513  

 

For instance, during the COVID-19 pandemic, the quality of AMI care in England did not 

worsen when measured against an internationally recognised set of QIs.192 Yet, in-hospital 
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mortality rates from AMI during the pandemic were higher compared with the rates during 

the same period in previous years.77 This increase has been attributed, at least partially, to the 

public reluctance to seek timely medical attention, particularly in the early stages of the 

pandemic resulting in late presentations with complications of AMI (e.g. cardiogenic shock) 

which are known to be associated with worse outcomes.214  

 

14.4.3 Strengths of the adopted methodology  

The methodology that I adopted for the development of QIs for CVD recommends the 

conduction of a systematic review of the literature using a recognised framework such as the 

preferred reporting items for systematic reviews and meta-analyses.172, 183 In addition, the 

methodology discourages linking the quality assessment with payment incentives or 

reimbursement and proposes creating a comprehensive system for quality assurance and 

improvement to minimise the potential unintended consequences.  

 

Another strength of the used methodology is the establishment of a framework and 

organisational structure for development of QIs for CVD. This framework serves as a 

centralised infrastructure for the various activities and provides a consistent methodological 

support to domain experts and Working Group members. As such, the development of data 

variables across different clinical areas is conducted according to the agreed standards and 

timelines.  

 

In addition, the use of a comparative methodology for the development of data standards for 

CVD shows the consistency across the various component of this PhD studies and illustrates 

the feasibility of the process and its acceptance by the involved stakeholders. Besides, the 

adopted methodology outlines a far-reaching engagement of members with a wide variety of 

background and expertise, including domain experts, registry leaders and patients. Another 

strength of the used methodology is the representation of specialist Associations in the 

development process and the endorsement of professional societies.  
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14.4.4 Weaknesses of the adopted methodology  

14.4.4.1 Limitations of systematic reviews 

Despite the rigorousness of the methods by which systematic reviews are conducted, the 

reproducibility of the systematic reviews that are addressing the same research question may 

be limited due to substantial variations in the planning, design and/or undertaking of these 

reviews.359 The variation within and between reviews may involve one or more of the 

following steps which form key parts of a systematic review: (1) conducting a comprehensive 

search of the literature using a pre-specified search strategy, (2) critically appraising the 

identified evidence, (3) synthesising data and (4) interpreting results.359  

 

For the purpose of the development of data variables for CVD during this PhD studies, 

structured methods were used to review relevant literature. However, one may argue that the 

reproducibility and the consistency of the reviews undertaken during this PhD may be limited 

by a variation in the development of the search strategies, the appraisal of the retrieved 

studies and the methods by which the data were extracted and/or the subsequently knowledge 

was generated.  

 

Whilst it is difficult to eliminate the subjectivity of the research team conducting any 

systematic review, two considerations may help minimise the impact of this subjectivity on 

the quality of the selected data variables during my PhD. First, the establishment of 

frameworks that were involved in different clinical areas (Data Science Group for EuroHeart 

and Quality Indicator Committee for QIs) ensured the standardisation of the process across 

these areas. Second, the collaboration with domain experts for each of the clinical domains 

during the early stages of the development process (i.e. designing the search strategy for the 

systematic review). This collaboration helped formulate the appropriate research question for 

the systematic reviews and construct clear inclusion and exclusion criteria for these reviews.  
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14.4.4.2 Limitations of censuses development  

As discussed in Chapter 4, the Delphi method which is used to obtain expert opinion has 

limitations. Experts vote according to their interpretation of the available evidence which 

may vary between panellists. However, the establishment of criteria for voting helps guide 

the voting process and minimise interrater variability. In addition, the conduction of more 

than one voting round and the discussions amongst the Working Group members in-between 

these rounds allow appraising existing evidence and reaching consensus.  

 

Another issue with the Delphi method is the selection of the panellists who participate in the 

voting process. One may argue that the composition of the developing group of a set of data 

variables determines the selection of the variables, but also the societies which endorse them. 

Similar concerns have been raised about the selection of the writing committees of the 

Clinical Practice Guidelines,514 resulting in conflicts and disagreements between different 

societies.515 

 

For the data variables that have developed during my PhD studies, a standardised criteria 

were followed to select the members of the Working Group for each of the clinical domains. 

The criteria involved a far-reaching engagement of pertinent stakeholders including experts 

with a wide variety of backgrounds, as well as representatives from professional Associations 

and patient groups. For the development of QIs, the process has been embedded with the 

writing of the Clinical Practice Guidelines to ensure alignment between the recommendations 

from the two processes.   

 

14.5 Challenges of an international registry  

The participation in a clinical registry entails an administrative and financial burden resulting 

from the efforts that are needed to collect, manage and transfer data.19 In addition, substantial 

redundancy may arise from participating in different registries that capture intersecting 

conditions (PART I).67 Whilst creating a unified infrastructure that encapsulates various CVD 
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registries (e.g. EuroHeart) help minimise the burden data collection and eliminate 

redundancy, it entails a number of challenges. Some of these challenges may be similar in 

other types of local or national registries, but other are specific to the all-encompassing nature 

of such an infrastructure. In the following section, I will explore some of these challenges, 

particularly those that are relevant to the aspects of EuroHeart initiative that I was involved 

in.  

 

14.5.1 Funding  

The design, implementation and management of registries require constant funding to 

maintain the sustainability of this registry. Unlike RCT where selected centres are provided 

with a logistical support to participate in the study, funding for clinical registries is less well 

defined and varies between different registries. In particular, registries that aim to enrol all-

comers with a given condition to obtain real-world and generalisable data, have a constant 

need to identify and maintain sources for funding which may be challenging.19 

 

In addition, the longer time that is needed to conduct registry activities compared with RCT, 

and the focus on quality assurance rather, increases the pressure on payers as well as on 

participating centres and limits the sustainability of this registry and. As such, funding 

sources for a given registry may change over time resulting in the need to re-evaluate the 

primary goal(s) of this registry which may lead to a need to modify the data collection 

process accordingly.64  

 

The Get-with-The-Guidelines registries of the AHA use a public-private partnership in which 

a common aim is agreed between stakeholders. Here, the aim is to improve the quality of 

CVD care and thus hospitals pay to participate in the registry, and in return, the registry uses 

the submitted data to publish reports that are used for accountability and performance 

measurement. Such reports are of an interest to regulators with a responsibility to monitor the 

quality of care and benchmarking centres partnered with the AHA. The Association may in 
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turn support those centres financially in order to facilitate their participation in the Get-With-

The-Guidelines programme.64  

 

14.5.1.1 EuroHeart funding 

The EuroHeart initiative has been funded primarily by the ESC during its pilot phase with 

educational grants from the industry and national heart foundations (PART I). However, the 

activities undertaken by the different groups within EuroHeart have been conducted 

independently of the sponsors. This has been important to ensure transparency in the key 

decisions which are related to the cardiovascular domains for which the data variables were 

developed, the methodology used and the compositions of the developing groups. More 

importantly, the final selection of the data variables for each clinical area has been solely 

performed by the domain experts involved in the development process with no interference 

from the ESC or the industry partners.  

 

However, the long-term funding of EuroHeart and the specifications of the potential clinical 

trials which may be conducted using the EuroHeart platform need to be determined. It is 

recognised that industry sponsorship may result in a number of methodological biases.516 

That is, the research question of the trial, the methods by which this research question is 

addressed and the data presented in the final report of the trial.516 As such, EuroHeart has 

established the RRCT group to regulate the partnership between EuroHeart and interested 

stakeholders to ensure high standards and transparency (PART I).   

 

14.5.2 Information governance   

Another challenge is the variation in the regulations that govern the collection, management 

and exchange of healthcare data within and between countries. For instance, this variation 

includes the legal requirement in some countries to obtain an informed consent from patients 

before enrolment in a clinical registry, which is not needed in the UK.91 In addition, data 
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sharing between countries needs to be regulated according to the established criteria and 

guidelines that ensure data protection and confidentiality.   

 

In 2016, the European Union (EU) updated their 1995 Data Protection Directive which 

regulates the transfer and processing of data within the EU. The Directive permits, with 

certain conditions, sharing personal data from a Member State to a third country or an 

international organisation for scientific or research purposes.517 In this context, personal data 

were defined as any information that may result in the identification of an individual based on 

their name, unique number, geographical location or their physical, physiological, genetic, 

mental, economic, cultural or social factors.517 

 

In the UK, a number of legislations exist to safeguard the use of healthcare data in medical 

research including the 2020 Caldicott Principles,518 the 2018 Data Protection Act,519 and the 

2006 NHS Act.520 These legislations aim to ensure that confidential data are collected, used 

and reported within the legal frameworks and in accordance with a clear, open and 

transparent process. As such, any international registry should have a defined data-sharing 

agreement that is designed by a dedicated legal team to ensure that all the activities 

undertaken using the registry platform are aligned with the existing regulations across all 

involves countries.   

 

14.5.2.1 EuroHeart information governance  

The flow of data between EuroHeart and participating countries is characterised by sharing 

aggregated data with the Data Science Centre. In 2004, Gliklich et al. described three layers 

of identification when exchanging healthcare data: fully identifiable data, limited dataset and 

de-identified data.64 EuroHeart aims to collect fully identifiable data at the healthcare centre-

level, but share de-identifiable data with the EuroHeart Data Science Centre in accordance 

with a predefined data-sharing agreement. The de-identification of the individual patient data 

is undertaken at the healthcare centre level, with support from local clinical and statistical 
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experts, while the EuroHeart Data Science Centre receives aggregated data that can be used 

to produce high level reports. 

 

14.5.3 Data ownership   

The ownership of the data entered into a registry and the intellectual property of the 

documents produced are critical considerations in the development of an international 

registry.521 On a national-level, the sponsor of a registry may be the owner of its data and 

intellectual property, but on an international level, an agreement has to be made as to whether 

pooled data are owned by any stakeholder or an independent organisations.521 For instance, in 

the UK, the data collected through NICOR are owned by the Secretary of State for Health, 

while the intellectual property of the registry outputs lays within the professional cardiac 

societies and the sponsor (HQIP).521   

 

14.5.3.1 EuroHeart data ownership  

The ownership of the data that are collected using the EuroHeart platform belongs to the 

country in which the data were collected. For instance, should the UK joins EuroHeart, the 

same arrangements that currently govern NICOR data would be applicable to the data 

collected using the EuroHeart platform. The intellectual property of any documents produced 

by EuroHeart will be determined for each document according to a clear and pre-defined 

publication plan that is agreed with all the stakeholders participating in the data collection, 

analysis and reporting process.   

 

14.6 Role of clinical registries in the era of EHRs   

Whilst the automatic extraction of healthcare data from EHRs to perform quality 

improvement projects and conduct clinical research may be the intuitive ‘gold-standard’ 

method for seamless utilisation of routinely collected data,62, 63 EHRs have their own 

limitations. First, EHRs may not provide sufficient granular information to determine the 
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eligibility of a patient for enrolment in clinical study or quality improvement initiative.19, 67 

This limitation is because EHRs are primarily designed to serve an administrative role rather 

than a scientific or research purpose.522   

 

Second, and despite their ability to capture endpoints of a trial with reasonable sensitivity and 

specificity,104 EHRs may fall short in collecting reliable data relevant to patient 

characteristics and baseline comorbidities.523 Such data may be of paramount importance in 

clinical studies and performance measurement given the crucial role of patient characteristics 

and baseline comorbidities in risk adjustment methods.523 Inaccuracies in risk adjustment 

may lead to false conclusions about the effectiveness of a particular therapy or to unfair 

assessments of performance at different levels.523 

 

Third, there are challenges in implementing structured (as opposed to free-text) data variables 

in routine EHRs.524 Clinical registries tend to capture structured data to facilitate the analysis 

and the reporting of collected data. However, the multi-dimensional and complex nature of 

clinical care limits the opportunity to capture pre-defined data variables in routine daily 

practice in which healthcare professionals prefer submitting unstructured data into EHRs. 

 

Fourth, the intellectual property of the data that are collected in EHRs may be ambiguous. As 

such, there is a need to establish a framework to safeguard the authorship attribution of the 

research projects that are undertaken using EHR data, as well as the integrity of the data and 

the legal (and/or ethical) framework under which the research is conducted.525 Clinical 

registries as discussed in PART I have a designated Steering Committee and Working Groups 

that regulate the structural and technical aspects of the registry and ensure the attainment of 

the required approvals for all the activities conducted through the registry platform.64   

 

14.7 Future direction   
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Whilst the overarching aim is to unify the computational nomenclature of healthcare data, 

this can only be achieved on the basis of harmonised data standards.139, 526 Such standards 

enable databases to have common data models, and therefore, homogeneously understand the 

exchanged data at the level of medical concepts.64 Translating these variables into a 

computational language provides a syntactic representation of information and thus allows 

semantic interoperability. That is, the seamless transfer of data between various settings 

including EHR, registries and clinical trials (Figure 2).62, 526 

 

 

Figure 2. The layers of healthcare data standards and the pathway for harmonisation  

 
ACS= acute coronary syndrome, AF= atrial fibrillation, EHRs= electronic healthcare 

records, HF= heart failure, HL7= Health Level Seven International, ICD= International 

Classification of Diseases, LOINC= Logical Observation Identifiers Names and Codes, 

PCI= percutaneous coronary intervention, QIs= quality indicators, RCTs= randomised 

clinical trials, RIM= Reference Information Model, TAVI= transcatheter aortic valve 

implantation,  

 

For instance, the data variable ‘stable angina’ may be defined clinically according to the 

specifications of the Canadian Cardiovascular Society. However, a number of computational 

phenotypes may be used to define this same ‘stable angina’ data variables using different 

unified medical language systems. For ‘stable angina’, that is I20.9 using the International 

Classifications of Diseases (ICD) coding system and 194828000 using the SNOMED-CT 

(Figure 2).   
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Unified medical language systems differ from each other in several ways. First, the domain 

which encapsulates the data variables within this system. For instance, the logical observation 

identifiers names and codes (LOINC) provides standardised coding for medical laboratory 

tests, while systems like ICD and SNOMED-CT define clinical entities as shown in the 

example above.   

 

Second, the granularity of the coding system and the extent to which it provides detailed 

categories and subcategories. For instance, LOINC allocates a unique code to a laboratory 

result name which is independent to, and share the same hierarchical level with, all other 

codes.527 As such, laboratory tests that are performed at various locations may be aggregated 

regardless of the local assigned name for this test at different healthcare centres.527  

 

On the other hand, some unified medical language systems, such as SNOMED CT and ICD, 

use hierarchical coding structure to identify disease subtypes which allows the identification 

of granular information about the concept of interest.527 All different types of unified medical 

language systems aim to provide computational representation of a clinical (or biochemical) 

concepts to facilitate seamless data exchange between healthcare systems. This seamless data 

exchange is known as interoperability which has two different levels.  

 

Semantic interoperability refers to the transfer not only of the computational phenotype of the 

exchanged data, but also the meaning of these data. The term process interoperability is 

sometimes used to describe semantic interoperability in which machine learning algorithms 

may be implemented to guide the decision making in determining eligibility for enrolment 

(e.g. in a registry or a trial) or for a care intervention (e.g. revascularisation).505 Syntactic (or 

structural) interoperability on the other hand refers to the exchange of healthcare data at a 

raw-level. As such, receiving centres can access these data, but without being granted 

conceptual meaning of these data.505  

 

In this thesis, I only focused on the development of the clinical definitions of data variables 

for a number of CVD conditions and interventions without specifying the respective 

ontologies. Such an endeavour may be conducted as a separate follow-on effort using the 

same methodology used for the development of data standards.    
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Chapter 15. Conclusion  

 

This PhD has established a framework for the development and adoption of standardised data 

standards and QIs for CVD. The success of this PhD is evident not only by the ability to 

publish the accomplished work in peer-reviewed journals, but also in the role these 

accomplishments played in improving patient care. The developed registries for various 

cardiovascular domains are being used to collect real-world patient data in a number of 

European countries. Some of these countries had no established cardiovascular registries 

which is a major development towards monitoring the quality-of-care of CVD and capturing 

its outcomes. In addition, the developed QIs have been used to evaluate the quality of AMI 

care in England and Wales and endorsed by regulatory bodies, such as NICE in the UK. 

Thus, these QIs have already illustrated an integration with CVD care and a potential role in 

driving quality improvement and addressing the unwanted variations.  

 

All in all, I have presented in this thesis a system that utilises routinely collected data to 

improve patient care through the structured collection, analysis and interpretation of the 

patterns of medical practice. As discussed in Chapter 14, EHRs provide a wealth of 

healthcare data that may play a major role in the assessment of care quality and the 

conduction of clinical research. However, clinical registries remain an essential component of 

the quality improvement circle given the fact that clinical registries are usually designed to 

address a particular clinical question. Besides, clinical registries provide a level of granularity 

that EHRs may not be able to capture.  

 

Furthermore, the disintegration between clinical registries and QIs creates an unnecessary 

need for segregated efforts increasing the burden of data collection.19 This thesis provides a 

means to harmonise QIs with quality registries such that routinely collected data through 

registries provide detailed variables that are tailored towards both addressing the clinical 

question for the registry, but also assessing care quality and allow risk adjustments.421 Such 

an endeavour is only feasible when clinical registries are designed in parallel with the 

development of QIs given each indicator of care quality has unique eligibility and exclusion 

criteria.506 
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Whilst the methodology I developed and used to select QIs is based on conducting systematic 

reviews of the literature to identify key aspects of care delivery, these QIs may share the 

same limitations of the evidence they were derived from. For instance, it is recognised that 

certain subgroup of patients may be under-represented in the majority of the clinical trials 

which may be used to developed QIs.61 Yet, these QIs are applied to evaluate the quality-of-

care for different patient groups regardless of their representation in the available evidence. 

As such, it is of a paramount importance to use clinical acumen and clinical context when 

adopting QIs and interpreting their results.   

 

Another limitation of the methodologies that I adopted to develop QIs and data standards for 

CVD involves the characteristic of the systematic review of the literature. Whilst some of 

these limitations may be inherent to the nature of systematic reviews,528 others are specific to 

the specifications of the systematic reviews that aim to develop QIs and/or data standards. 

For the latter, broad spectrum of relevant aspects of care necessitates the use of multiple 

terms whist developing the search strategies for the systematic reviews resulting in a high 

number of retrieved articles. Thus, these terms were combined with others relevant to the 

standardisation of cardiovascular data standards or QIs to narrow the search down to a 

manageable and feasible level.  

 

The accomplishments of this PhD studies were made possible by the successes of the existing 

national registries such as those in the UK and Sweden which proofed the concept of clinical 

registries as platforms for quality improvement, research and post-marketing surveillance of 

new technologies. In addition, this PhD form the basis for a fully interoperable healthcare 

system in CVD. A system in which data are collected, transferred and analysed efficiently 

and cost-effectively. A system in which quality improvement is an integrated element of 

routine healthcare delivery rather than a separate enterprise with its own cost and resources.  

 

It is important, however, to align international registries, such as EuroHeart with existing or 

new national registries in order to avoid duplicating the burden of data collection. In my PhD 

studies, I have therefore emphasised on the importance of harmonising the definitions of the 

data variables such that data may be transferred between different systems without the need 

to submit disconnected CRFs to various databases. By harmonising the data standards for 

CVD, comparative analyses can be conducted across regions and over time allowing for the 

continuous monitoring of the quality-of-care using unified definitions.  
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Another fundamental issue is the need to evaluate and update QIs in line with the changes in 

knowledge. Quality assessment and improvement is a continuous endeavour which cannot be 

achieved by the exclusive development of a valid and feasible system for data collection, 

analysis and reporting. This system needs to be constantly evaluated to ensure that it captures 

relevant information to address the question for which the data are being collected. In 

addition, the results of the quality assessment need to be evaluated on regular basis to 

determine the validity of these results and, thus, guide the interpretation of the findings.  

 

Concerns have been raised recently about the validity of performance measurement activities 

and whether they actually measure or improve quality.529 Quality assessment depends on the 

availability of coding resources and efforts are needed to ensure that the quality of care 

delivery rather than the quality of coding is being measured. Besides, the cost and effort 

involved in quality measurement need to be justified by identifying a correlation between 

such measures and an improvement in outcomes. For instance, setting standards for minimum 

surgical volume for congenital heart disease was associated with a reduction in perioperative 

mortality.530 In addition, on a regional level in the UK, the introduction of QIs has been 

shown to improve outcomes531 and  their withdrawal to negatively influence quality of 

care.532 

 

Another concern is the use of outcome measures (e.g. mortality after acute myocardial 

infarction) as a reflection of care quality which may be misleading. Outcomes are determined 

by the severity of the disease, the baseline risk of the patients, as well as their pre-hospital 

and post-discharge care. Therefore, the evaluation of quality-of-care solely from outcome 

measures may discourage individual clinicians or centres to offer high-risk patients treatment 

interventions when indicated. Whilst risk-adjustment models exist, they largely lack 

sufficient granularity to distinguish suboptimal from appropriate care.529   

 

In this thesis, I have identified and addressed potential unintended consequences to QIs 

through key methodological steps.510 I acknowledge that there remain important components 

of the care delivery pathway that may not be readily measurable and that those measured 

components may not be directly capturing the quality of health care.533 However, I 

established a framework that adopts its own ‘learn-adapt’ cycle and adjusts the QIs according 
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to continuous feedback and evaluation.533 Therefore, the developed systems during this PhD 

studies need to be updated to accommodate changes in evidence and data collection methods.  
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