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ABSTRACT


Management of atrial fibrillation (AF) may be challenging in clinical practice. Given the complexity of AF patients and the continuous advances in AF clinical management, there is a need for standardized programmes aimed at collecting so-called ‘real- world clinical practice data’ regarding the epidemiology, diagnostic/therapeutic/management practices and assessing adherence to guidelines. 
Over the past 20 years, the number of registries and surveys based on real-world atrial fibrillation patients has been dramatically increased. In Europe, based on the Euro Heart Survey (EHS) and the EURObservational Research Programme (EORP), a large series of studies based on these prospective, observational, large-scale multicentre registries on AF have been published.  
This narrative review gives an overview of these two projects on atrial fibrillation (AF) led by the European Society of Cardiology, focusing mainly on the contribution that these studies have provided to AF management and patient outcomes. Both the EHS and the EORP registries have collected a large amount of data regarding contemporary clinical practice, and despite some limitations, mainly related to their observational nature, these registries have contributed to our knowledge and clinical management of AF patients. 
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INTRODUCTION

[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Atrial fibrillation (AF) is the most common arrhythmia in clinical practice and is associated with significantly increased morbidity, mortality and several adverse clinical outcomes including a five-fold increased risk for stroke[1, 2]. Prevalence and incidence of AF have increased rapidly, with future projections estimating a growth at least 3-fold by 2050.[3] Given the noticeable impact on public health, healthcare costs and the advances in AF clinical management, the European Society of Cardiology (ESC) promotes evidence-based scientific knowledge for education and training of cardiologists and other health care professionals through ESC-Guidelines. Guidelines help everyday clinicians in the decision-making process, being essential for clinical daily practice. Nevertheless, given the complexity of real-world patients and the existing differences across European countries between epidemiology, healthcare and socio-economic systems, there is a need for programmes aimed at collecting standardized data regarding epidemiology and diagnostic/therapeutic processes and assessing adherence to the guidelines. For these reasons, over the past 20 years, the number of registries and surveys based on real-world patients has been exponential.[4, 5] Even for atrial fibrillation, over the last 3 decades, the number of registries and surveys has increased considerably, leading to a growing number of related scientific publications (Figure 1).[6, 7] The ESC, as well as other learned Societies, supports high-quality prospective surveys and registries which collect a variety of data giving us a “real-world snapshot” on clinical practice across European countries. This narrative review gives an overview of the two projects on atrial fibrillation (AF) led by the ESC, the Euro Heart Survey (EHS) and the EURObservational Research Programme (EORP) registries, focusing mainly on the contribution that these studies have provided to AF management and patient outcomes. 
THE EURO HEART SURVEY and THE EORP ATRIAL FIBRILLATION REGISTRIES 

[bookmark: OLE_LINK3][bookmark: OLE_LINK4]A clinical registry is commonly defined as an observational database for the collection, storage, recall and analysis of a clinical condition, procedure and/or therapy.[8] As highlighted by numerous studies, large registries and surveys have the potential to improve guidelines adherence, patients outcomes, the effectiveness of treatments and healthcare economy.[4] Clinical registries and surveys are an essential part of the so-called “Quality Cycle” (Figure 2).[9] Quality assurance is a wide-ranging concept and continuous process in medicine: several strategies, including the use of clinical registries and surveys, are constantly being utilized across healthcare systems to improve and measure quality of patient care, health outcomes, cost-benefit, and cost-effectiveness ratio.[10] Notwithstanding randomized clinical trials (RCT) are top of the evidence-based medicine pyramid, they may not represent properly the general population because of the trial-specific inclusion and exclusion criteria. Although they have some limitations, mainly related to their observational nature, high-quality registries investigate subgroups of patients that are often not well represented in RCTs, adding to our knowledge by reporting on real-world care of patients. Nevertheless, surveys, clinical registries and RCTs are not mutually exclusive, rather they are complementary, fuelling each other with new questions to be elucidated from RCTs and new clinical subsets to be better investigated by observational studies, and their data need to be assimilated appropriately to achieve the best evidence-based medicine results. 
In 2000, the ESC, initiated the Euro Heart Survey (EHS) that includes a large series of surveys and registries in major cardiovascular fields of interest such as AF, heart failure, acute coronary syndromes, valvular heart disease, arrhythmias, diabetes. The EHS was developed to improve knowledge and practice of coronary interventions and prevention of CV diseases. Furthermore, the EHS was beneficial in checking adherence to guidelines in clinical practice, investigating the reproducibility of the RCTs on patients seen in clinical practice and assessing if different management among European centres is reflected by differences in outcomes. 
The EHS collected an impressive amount of clinical data on over 100,000 patients across 35 countries and published more than 70 scientific papers in indexed journals. In addition to other cardiovascular conditions, the EHS committee performed a survey on the management of AF to verify routine clinical practice against AF guidelines. 
The EHS which focused on AF, is a multi-centre prospective observational study of 5333 patients enrolled in 182 centres from 35 ESC member countries. Enrolment started on September 2003, continued until July 2004 and first results were presented in 2005. Patients were enrolled to the survey if they were 18 years or older and had AF detected on electrocardiogram (ECG) or Holter recording during the qualifying admission/consultation or in the preceding 12 months (patients with only atrial flutter on their ECGs were excluded).[11]
It is important to note that until 2005 there were no large-scale prospective studies on AF, and the EHS on AF was the first such study which compared AF management and therapy of real world patients in the member countries against the 2001 the American College of Cardiology (ACC)/American Heart Association (AHA)/ ESC Guidelines for AF. [11, 12]
Given the positive impact of the EHS, in 2009 the ESC decided to launch a novel programme, the EURObservational Research Programme (EORP), based on observational data collected with even stronger scientific methodology and independent from direct contribution from industry. 
The EORP includes general registries to assess the management of major CV diseases, sentinel registries to assess the impact of new therapeutic or diagnostic procedures and specific registries to assess rare or highly demanding diseases. Similar to the EHS, in 2012 the EORP launched the AF Pilot General Registry on clinical epidemiology and medical management of AF. The design, protocol and objectives of the study were substantially comparable to those of the EHS-AF survey. From February 2012 to March 2014, 3119 in- and out-patients AF from 9 European Countries (Belgium, Denmark, Netherlands, Norway, Poland, Romania, Greece, Italy, and Portugal) were prospectively enrolled. A follow-up observation period was planned at 1, 2 and 3 years after enrolment, although some centres did not participate in the long-term follow-up leading to only 68% of the patients included in the 3-year follow-up analysis.[13, 14] Subsequently, in 2012, the EORP started the second AF registry, the EORP-AF Long-Term General Registry. The registry is a prospective, observational, large-scale multicentre registry collecting data from 250 Centres of 27 ESC countries. The ambitious programme enrolled more than 11000 patients from October 2013 to September 2016 and the 1-year follow-up data were recently published.[15, 16] Furthermore, in response to the need for internationally standardized AF care, the EORP is also part of the International Collaborative Partnership for the Study of Atrial Fibrillation (INTER-AF) that includes representatives from the United States, Europe, China, Brazil, South Korea, Taiwan, Singapore, Japan, and the Balkan countries.[17, 18] 

WHAT DID WE LEARN FROM THE EHS AND EORP AF REGISTRIES?

Since the first publication of the Euro Heart Surveys almost 20 years ago, a considerable number of issues regarding atrial fibrillation have been investigated, shedding new light on AF prognosis, diagnosis, management, guidelines adherence and underlying physiopathology (Table 1).

Atrial fibrillation pathophysiology 
The collection of such a large amount of data in the EHS and EORP has led to new insights into AF pathophysiology and the natural progression of the disease.[19] The EHS provided one of the largest studies evaluating the clinical impact of AF progression, demonstrating that patients with AF progression had more major adverse cardiovascular events compared with patients with no AF progression.[20, 21] 
Known triggers and major mechanisms that cause AF should be taken into account when choosing therapy; for example, the correct identification of an autonomic trigger pattern (vagal or adrenergic) should be considered to achieve an optimal clinical management of atrial fibrillation. Based on data collected by the EHS, autonomic trigger patterns, their clinical characteristics, management and outcomes were investigated for the first time in a large cohort of patients with paroxysmal AF increasing our knowledge on electrophysiological mechanisms of atrial fibrillation.[22]
Pathophysiological changes in the structure of the atria were also evaluated in the Registries giving new insights into the modern concept of atrial cardiopathy.[23, 24]

Epidemiology and risk factors of atrial fibrillation 
Atrial fibrillation is a highly prevalent, especially in the older population. Nevertheless, a comparison of the EORP-AF registries and the EHS, demonstrated that there were more older patients in EORP registries and the proportion of patients aged ≥ 75 has significantly increased over time.[25-27] This could be related to several causes. First, the greater awareness and efforts at detection AF also in asymptomatic older patients significantly contributed to increase incidence and prevalence.[28] Second, we should look at the changes in AF epidemiology in Europe over the last decades: due to the so-called “Demographic Transition”, the decline in death rate and birth rates results in a substantive change in the age distribution of population.[29] Indeed, improvements in the management of patients with cardiovascular disease, such as percutaneous coronary interventions in acute coronary syndromes, have significantly improved outcomes and reduce mortality. As consequence, people are living longer to develop AF and also have more comorbidities which increase per se the risk of AF. 
As reported in different studies, analysis from the EHS and EORP dataset also demonstrated sex-related differences in the epidemiology and clinical management of AF.[30-33] Female AF patients tend to be older, more symptomatic, with more comorbidities and seem to be at higher stroke risk overall when compared to male patients, especially 75 years old and older female patients. These data highlight that female gender is a prognostic factor for stroke, but it is still unclear the reasons for this gender-related difference. Although some studies suggest that patients characteristics, clinical and/or socio-economic factors could potentially explain the observed differences between males and females.[34]
Atrial fibrillation clinical management
Over the last decade, the EHS and the EORP registries have reported interesting temporal changes in AF treatment strategies and guidelines adherence. [35-40] 
The impact of rate and rhythm control strategies on AF patient outcomes was at the centre of the debate for many years, although some contradictory results still exist. 
Both the EHS and EORP registries show heterogeneity in rhythm control management that included drug treatment and catheter ablation.[21, 41, 42] Nevertheless, in the majority of the European centres analyzed, the most common anti-arrhythmic drug used was amiodarone and its use remained substantially unchanged over time, while beta-blockers were often prescribed as rate-control therapy, especially when heart failure was present.[35, 36]
Several RCTs comparing rate and rhythm control strategies have been conducted but have not shown clear evidence of superiority in terms of all-cause mortality or systemic embolism with either strategy.[43-47]
Assessment of the impact of rate or rhythm control strategies on adverse outcomes in real-world AF patients was undertaken using the EHS and the EORP registries. When assessing the differences between rate and rhythm control, it is important to remember that patients treated with rate-control are generally older and have multiple comorbidities compared to patients treated with a rhythm-control strategy. Nevertheless, in the AF General Pilot registry, after a propensity score-matched analysis, outcomes of stroke/ transient ischaemic attack, any thrombo-embolic events, cardiovascular death and all-cause death at follow-up were not statistically different between the two strategies suggesting that regardless of the strategy adopted, comorbidities strongly affect the risk for cardiovascular death, all-cause death and thrombo-embolic events.[36] Regarding AF ablation, recent data from the Atrial Fibrillation Ablation Long-Term (ESC-EORP AFA-LT) registry and the AF population and the EORP AF-General pilot registry, reported that patients undergoing AF ablation procedures were more symptomatic but had less comorbidities, a lower stroke and bleeding risk as compared to general AF patient.[37] 
Another concern is that AF is often asymptomatic but clinical management of these patients is not always uniform.[48] An important contribution of the EORP General registry, where almost 40% of patients were asymptomatic (European Heart Rhythm Association score I), was to underline the prognostic implications of asymptomatic AF.[49] Mortality at 1 year was even higher in asymptomatic patients compared with symptomatic patients highlighting that asymptomatic AF is not a benign condition.[49] 

In the EORP registries there was a significant increase in the prevalence of comorbidities when compared with the EHS registry reflecting the higher proportion of older patients.[26] Atrial fibrillation, often occurs with identifiable causes and is generally associated with cardiovascular co-morbidities. Arterial hypertension, chronic kidney disease, chronic obstructive pulmonary disease (COPD), peripheral artery disease (PAD), diabetes, valvular heart disease and cardiomyopathy are common co-morbidities in European AF patients with important clinical implications.[23, 26, 50-56]
According to other surveys and registries, hypertension, coronary disease and heart failure are the most common comorbidities in ESC AF registries and are associated with worse outcomes.[51, 52] Indeed, it should be emphasized that AF patients have become progressively more clinically complex, with a significant impact on quality of life, with a higher risk of adverse events and higher mortality despite the significant increase in oral anticoagulant (OAC) use reported over the last 10 years between EHS and EORP-AF, apparently also modulated by other non-clinical factors [26, 57, 58] In line with several previous studies, despite a significant decrease in rates of both thromboembolic and major CV events, the EORP-AF General Long-Term Registry clearly showed a higher rate of CV death and all-cause mortality after 1-year of follow-up.[59-61] In addressing this, an integrated approach to the management of patients with AF which focusses on the reduction of mortality is necessary. Streamlined approaches aimed at managing patients in a more holistic manner, such as the Atrial fibrillation Better Care (ABC) pathway (A, Avoid stroke with anticoagulation; B, Better symptom management with rate or rhythm control; C, Cardiovascular and comorbidity risk management) could help to reduce mortality and hospitalizations.[62, 63] 

Atrial fibrillation stroke prevention: strategies and risk stratification
One of the greatest contributions made by the EHS and EORP registries is undoubtedly on stroke prevention strategies and risk stratification. During the last 30 years, various risk stratification models have been proposed to assess stroke risk in patients with AF.[64]
The first clinical risk stratification schemes used to predict stroke or thromboembolic events in AF patients, were based on analysis of non-vitamin K antagonist trial arms or cohort studies such as the Framingham study but were limited by the potential number of risk factors.[65-67]
Between 2009 and 2010, emergent data on different risk factors not integrated into the CHADS2 score and the need to identify truly low risk patients, prompted the development of a novel stroke risk stratification schema, the CHA2DS2-VASc score, which was derived and validated in the real world cohort of the EHS. [68] 
The CHA2DS2-VASc score was able to better classify the low-risk patients as being only 9.2% compared to the Framingham scheme that categorized almost 50% as low-risk. This allowed the clinicians to spare low-risk patients who have stroke rates of 1% or lower per year exposure to antithrombotic treatment and the associated increased risk of bleeding.[68]
The introduction of the CHA2DS2-VASc score, a well-validated tool, has improved the approach to stroke risk stratification in patients with AF and is currently the most recommended stroke risk schema in most major international guidelines. 
Similarly, the Euro Heart Survey AF cohort was used to develop a contemporary bleeding risk score, named HAS-BLED (Hypertension, Abnormal renal/liver function, Stroke, Bleeding history or predisposition, Labile international normalized ratio, Elderly (>65 years), Drugs/alcohol concomitantly).[69] Based on patients in the EHS, the score showed a good predictive accuracy for major bleeding in the overall cohort (C-statistic 0.72) and it is today the most reliable and recommended scheme for estimating the risk of bleeding in AF patients.[70]
Schemas for thrombotic and bleeding risk assessment share some risk factors and this needs to be taken into account in clinical practice. An analysis of the EHS, evaluated stroke and bleeding risk co-distribution, and whilst the available cardioembolic and bleeding risk classifications were significantly correlated, they were not interchangeable in this observational cohort of AF patients, highlighting the importance of assess separately both thrombotic and bleeding risk in everyday clinical practice.[71]
It is clear that data from EHS and EORP registries has provided a comprehensive and unique picture of AF patients and has provided a forum to garner feedback on guideline adherence in real-world clinical practice, particularly regarding stroke prevention.[72, 73] Since the first data from the EHS, oral anticoagulation treatment has increased greatly over the last decade among European countries, from 67% in the EHS to almost 85% in the EORP (80% in the General Pilot Registry and 84.9% in the Long Term Registry, respectively).[13, 15, 74] 
Regarding the type of OAC prescribed, EHS and EORP reflect temporal changes and analyses have demonstrated  the significant increase in the use of Non-vitamin K antagonist oral anticoagulants (NOACs) across Europe over the last decade.[13, 15] 
When compared to the EORP Pilot registry, the Long-Term Registry reported an increase in the prescription of NOACs from <10% to 35% of patients.[15, 16] Both in the EHS survey and the EORP registries, guideline-adherent antithrombotic treatment was associated with significantly better clinical outcomes.[75, 76] Specifically, in the EORP Pilot General registry, under-treatment was associated with to an increased risk of all-cause death/any TE outcome [hazard ratio 1.68 (95% confidence interval 1.20–2.35)].[75] However, it is important to note that there still exists large variability in the use of NOACs across the European regions, especially in Eastern and Southern Europe, where a discordance between guidelines and clinical practice can be seen, which may also reflect existing differences in health care systems and socio-economic conditions.[75, 77-80]
The latest EORP AF-III Registry with 1-year follow-up has recently completed the enrolment phase. The registry will provide insight into contemporary management of AF patients, guideline implementation in clinical practice and patient outcomes. In addition, data compatibility across EORP AF registries will enable modelling of time trends in various aspects of the management and outcomes of AF patients. 

CONCLUSIONS 

Clinical registries aim to collect large amounts of data that reflect contemporary clinical practice. The EHS and EORP AF registries have provided an invaluable resource with which to monitor the changing pathophysiology, epidemiology, and management of AF over the last 2 decades, identify where care is not guideline-adherent and where treatment gaps exist, and demonstrate improvements in patient outcomes among European centres. Despite some limitations, mainly related to their observational nature, these registries have contributed significantly towards better clinical management of AF patients.

FIGURES 

Figure 1 Cumulative number of publications based on AF registries or surveys in PubMed from 1990 to 2019 

Figure 2 The Quality Cycle, summarizing the positive interplay between Guidelines, Clinical Practice and Surveys/Registries. 
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[bookmark: _Ref30407457]Table 1 Published papers on AF patients from the Euro Heart Survey and EURObservational Registry Programme

	
	EPIDEMIOLOGY 
AND RISK FACTORS

	
COMORBIDITIES
AND OTHER CV DISEASES

	AF MANAGEMENT

	STROKE/BLEEDING RISK AND STROKE PREVENTION

	MISCELLANEOUS


	EURO HEART SURVEY
	
Age related differences[24, 25]

Gender related differences[31]
	Hypertension[23]

Heart Failure[50]

Comorbidities 
and risk of CV death[26]
	Cardioversion[35]

Guideline adherence[39, 76]

AF treatment changes[11, 21]

	
CHA2DS2VASc score development and 
validation[68]

HASBLED score development and validation[69]

CHA2DS2VASc /HASBLED
co-distribution[71]

NOACs implementation[40]

AF subtype and TE events[72]

Guideline adherence and application of different stroke risk stratification schemes[74]


	AF costs[77, 78]
AF progression[20]
Autonomic trigger patterns[22]
Predictors of symptomatic AF[48]
QoL[19, 57]
LVH[23]
LA size[24]

	EORP AF PILOT REGISTRY
	Age related differences[27]

Gender related differences[30]

Diabetes[56]

Overweight and obesity[33]

Physical Activity[58]
	Hypertension[51]

Heart Failure[52]

COPD[53]

PAD[55]

Chronic Kidney Disease[54]

Comorbidities 
and risk of CV death[26]
	Rate vs. Rhythm control[36]

AF ablation[37]

Lipid lowering therapy (statins)[38]

Paroxysmal vs. non-paroxysmal AF[41]

AF treatment changes[14, 42]
	OACs changes and long-term outcomes[13, 61]

Guideline-adherent antithrombotic treatment[75]

OAC and antiplatelet therapy use[73]
	Regional differences
in AF management[79, 80]
Clinical implication of asymptomatic AF[49]

	EORP AF LONG TERM REGISTRY
	Patient characteristics according to AF subtypes[16]
	All data about hospital admission (any admission, AF-related, and CV-related)[15]
	Pharmacological treatments at discharge and after consultation[16]
	Antithrombotic treatment and outcomes[15, 16]
	Regional variability of OAC treatment[16]




Legend: AF=atrial fibrillation; CV=cardiovascular; COPD= Chronic obstructive pulmonary disease; EORP=EURObservational Research Programme LA=left atrium; LVH =left ventricular hypertrophy; NOAC= Non-vitamin K antagonist oral anticoagulants; OAC= oral anticoagulant; PAD= Peripheral artery disease; QoL= quality of life; TE= thrombo-embolic. 
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