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ABSTRACT
Aims: To develop a suite of quality indicators (QIs) for the management of patients with ventricular arrhythmias (VA) and the prevention of sudden cardiac death (SCD).
Methods and results: The Working Group comprised experts in heart rhythm management including Task Force members of the 2022 European Society of Cardiology (ESC) Clinical Practice Guidelines for the management of patients with VA and the prevention of SCD, members of the European Heart Rhythm Association, international experts and a patient representative. We followed the ESC methodology for QI development, which involves 1) the identification of the key domains of care for the management of patients with VA and the prevention of SCD 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. We identified eight domains of care for the management of patients with VA and the prevention of SCD: 1) Structural framework, 2) Screening & Diagnosis, 3) Risk stratification, 4) Patient education & lifestyle modification, 5) Pharmacological treatment, 6) Device therapy, 7) Catheter ablation and 8) Outcomes, which included 17 main and 4 secondary QIs across these domains. 
Conclusion: Following a standardised methodology, we developed 21 QIs for the management of patients with VA and the prevention of SCD. The implementation of these QIs will improve the care and outcomes of patients with VA and contribute to the prevention of SCD. 

Keywords: Ventricular arrhythmias, sudden cardiac death, quality indicators, treatment, accountability, clinical practice guidelines, outcomes.

INTRODUCTION
Sudden cardiac death (SCD) remains a major healthcare challenge accounting for 10 – 15 % of all deaths in Europe.1, 2 Moreover, evidence suggests variation in the implementation of SCD preventive measures within and between countries.3-8 This variation calls for the development of new initiatives which may help identify areas for quality improvement in the management of patients with ventricular arrhythmia (VA) and for the prevention of premature deaths. 

Quality indicators (QIs) are tools that may be used to measure adherence to and the outcomes from the uptake of guideline-recommended therapies.9 Given that QIs relate to discrete aspects of care, the use of QIs allows more informed interpretation of ‘real-world’ data to help address the ‘second translational gap’.10 As such, the European Society of Cardiology (ESC) has established suites of QIs for people with and at risk of cardiovascular disease, but until now has not developed QIs for the management of VA and the prevention of SCD.11-15 Although performance and quality measures exist for SCD,16 they predate the current clinical practice guidelines. 

In parallel to the writing of the 2022 ESC Clinical Practice Guidelines for the management of patients with VA and the Prevention of SCD and in collaboration with the European Heart Rhythm Association (EHRA) of the ESC, the QI Working Group for VA and SCD prevention was established to develop the first set of QIs by the ESC for this group of patients. By producing a suite of QIs which align with the current recommendations for the management of patients with VA and the prevention of SCD, it is anticipated that standardized evaluation of guideline adherence will be facilitated, and priority areas identified for quality improvement initiatives. 

METHODS
We used the ESC methodology for the development of QIs for the quantification of cardiovascular care and outcomes.17 This methodology comprises: 1) the identification of key domains of care for the management of VA and the prevention of SCD 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.17

The developed QIs were classified as structural, process or outcome indicators.17 Structural QIs assess quality of care at the organisational level, process QIs evaluate quality of care at the level of the patient, and outcome QIs capture the outcomes of care delivery. The ESC QIs are categorised as main and secondary indicators with main QIs scoring higher for validity and feasibility.17 

Members of the Working Group
The international Working Group was formed in April 2021 and comprised healthcare professionals with expertise in the management of patients with VA and the prevention of SCD, Task Force members of the respective ESC Clinical Practice Guidelines,18 members of EHRA, members of the ESC Quality Indicator Committee and a patient representative. 

Domains of care 
Following the formation of the Working Group, the members defined the target population for whom the QIs are applicable as SCD victims, survivors of SCA and patients with VA or other conditions that are associated with SCD (e.g. primary electrical diseases, inherited disorders and heart failure with reduced ejection fraction). The Working Group also identified the key domains of the care for the target population by conceptually illustrating the patient journey during the care delivery process (Figure 1).17 

For the process QIs, the Working Group defined the patients who are eligible for the measured care process (denominator), the accomplishment criteria for the QI (numerator) and the time point at which the assessment is performed (measurement period). 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.17

Systematic review 
Search strategy 
A systematic review of the published literature was conducted in accordance with the Preferred Reporting Items for Systematic Review and Meta-analyses statement (Appendix Table A1).19 We searched two online bibliographic databases; MEDLINE and Embase via OVID®. The initial search strategy was developed in MEDLINE using keywords with a variety of medical subject headings (MeSH) terms (Appendix Table A2). 

We included randomized controlled and 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 2015 and 15 June 2021 given the year 2015 corresponds to the publication of the ESC Clinical Practice Guidelines for VA and SCD.2

Eligibility criteria 
We included articles fulfilling the following criteria: 1) the study population was adults (age ≥18 years) with a prior history, family history or an established risk for SCA, 2) the study defined an intervention (structural or process aspect of 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 randomised controlled trial or observational study. 

Study selection 
EndNote X9 was used for reference management and for duplicate removal. Three reviewers (SA, TR and ST) independently examined the abstracts of the studies retrieved from the search against the inclusion criteria. Disagreements were resolved through discussion and a full text review of the debated article. 

Quality assessment and data extraction 
Studies that met the eligibility criteria were included in the initial phase of the review. A broad inclusion was used to ensure that the list of initial (candidate) QIs encompassed the range of care delivery. The full texts of the included articles were reviewed by three authors (SA, TR and ST) and for each study both the intervention(s), and the outcome measure(s) evaluated were extracted to an Excel spreadsheet. Definitions of the extracted data items were obtained when provided in the study.  

Clinical Practice Guidelines, consensus documents and QIs 
Existing QIs, consensus documents and Clinical Practice Guidelines pertinent to the management of VA and the prevention of SCD were reviewed.11-16 The Working Group opted not to replicate aspects of care described in previous ESC QI suites. As such, the present document is complementary to published ESC QI documents. 

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).17 

Data synthesis 
Modified Delphi process 
We used the modified Delphi method to evaluate the candidate QIs that were derived from the literature.17 The ESC criteria for QI development (Appendix Table A3) were shared with the Working Group members prior to the voting in order to guide the selection process. Candidate QIs were graded according to a 9-point ordinal scale for both validity and feasibility by each Working Group member using an on-line questionnair.17 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. 

Analysing voting results 
Ratings of 1 to 3 were defined as meaning that the QI was not valid/feasible; ratings 4 to 6 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 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.17 Those QIs meeting the inclusion criteria in the first voting round formed the main QIs and those that met the inclusion criteria after a second round of voting formed the secondary QIs. 


RESULTS
Domains of Care
In total, eight domains of care for the management of patients with VA and the prevention of SCD were identified by the Working Group. These domains included: 1) Structural framework, 2) Screening & Diagnosis, 3) Risk stratification, 4) Patient education and lifestyle modification, 5) Pharmacological treatment, 6) Device therapy, 7) Catheter ablation and 8) Outcomes (Figure 2). 

Quality Indicators
Systematic review results
The literature search retrieved 3369 articles, of which 107 met the inclusion criteria (Figure 3) and were used to extract 75 candidate QIs for the first Delphi round. Of those, 25 (33%) met the criteria for inclusion as main QIs, 39 (52%) were excluded and 11 (15%) QIs were deemed inconclusive. Following Working Group membership discussion, 8 (32%) of the main QIs were downgraded and subsequently reconsidered in a second Delphi round alongside the inconclusive ones. Thus, a total of 19 QIs were included in the second Delphi round, after which 4 (21%) QIs met the inclusion criteria and were selected as secondary QIs (Figure 2). As such, a total of 17 main and 4 secondary QIs were included in the final set of the 2022 ESC QIs for the management of VA and the prevention of SCD (Table 1). 

Domain 1: Structural framework
Organizational components in healthcare centers are important for optimizing the management of patients with VA and those at risk for SCD.20 Such structural measures are relevant to the standards of care at the institutional level which may impact patient outcomes.20 In this context, the availability of a dedicated and competent cardiac arrest team that delivers a prompt and high-quality cardiopulmonary resuscitation according to the European Resuscitation Guidelines is an indicator of care quality for SCD prevention (QI 01M01).21

The follow-up of patients with cardiac implantable electronic devices (CIED) is an important aspect of care delivery for patients with VA and those at risk of SCD. Remote CIED monitoring has been demonstrated to prevent inappropriate defibrillator shocks and to improve clinical outcomes and thus is a QI of CIED follow up (QI 01M02).22, 23 

Domain 2: Screening and Diagnosis 
Identifying the underlying aetiology for cardiac arrhythmias is the primary goal not only for preventing further episodes in aborted SCD victims, but also for guiding familial investigation in case of a documented or suspected inherited cardiac disease. 

The performance of an autopsy for SCD is necessary for the investigation of potential inherited cardiac diseases, particularly in unexplained SCD in young (age < 50 years) individuals. As such, the performance of a comprehensive autopsy including cardiac histopathology and post-mortem genetic testing (also known as the molecular autopsy) targeted to not only primary electrical diseases but also concealed cardiomyopathies, with/without toxicology assessment (e.g. polypharmacy or drug abuse) in this group of patients is an indicator of care quality (QI 02M01).24

Screening the relatives of those with SCD is recommended to identify asymptomatic individuals at potential risk of lethal arrhythmias due to an inherited cardiac disease.25, 26 Having a standardized protocol for such a screening is an indicator of SCD prevention care quality (QI 02M02). 

In patients with unexplained SCA, pharmacological provocation testing increases the diagnostic yield and is an indicator of care quality (QI 02M03).27

Advanced imaging modalities such as late gadolinium enhancement (LGE) on cardiac magnetic resonance imaging (cMRI) play a major role in the diagnosis of arrhythmogenic right ventricular cardiomyopathy (ARVC) (QI 02M04).18

Domain 3: Risk stratification  
Risk assessment may identify individuals at higher risk of VA or SCD and helps determine risk-mitigation strategies, such as pharmacological therapy or implantable cardioverter defibrillator (ICD) implantation.18 

For patients with hypertrophic cardiomyopathy (HCM), the HCM-SCD risk score provides an estimate of 5-year risk of SCD for patients with HCM.28 This algorithm has been internally and externally validated and improves SCD risk prediction when compared with other prediction models.28, 29 Patients with a predicted 5-year risk of SCD ≥ 6% have the highest event rate and the most favourable risk benefit ratio for ICD implantation. The use of the HCM-SCD risk score therefore forms a QI for the prevention of SCD in patients with HCM (QI 03M01). 

In addition, LGE-CMR helps identify the presence of fibrosis in patients with HCM and has prognostic implications. Thus, LGE-CMR at the time of initial evaluation has been selected as an indicator of care quality for this group of patients (QI 03M02).18

Domain 4: Patient education & lifestyle modifications   
Lifestyle habits and physical factors may induce VA in patients with certain types of underlying heart disease.30-32 Patient education is recommended to reduce the risk of VA and SCD. Whilst adopting a ‘healthy’ lifestyle including smoking cessation, regular exercise, healthy diet and weight loss reduces the risk of SCD,33 specific lifestyle modifications may be needed for certain underlying arrhythmogenic disorders.

ARVC is an inherited disease whose progression and clinical course, including VA occurrence, is adversely affected by high-intensity exercise.30-32, 34 Thus, patient counselling on avoidance of vigorous exercise is an essential component of SCD prevention in this group of patients (QI 04M01).

For patients with long QT syndrome (LQTS), several triggers have been identified for different types of the disorder. As such, educating patients on the avoidance of those triggers is of paramount importance to reduce the risk of SCD in patients with LQTS. Furthermore, education is essential to reduce modifiable factors, such as QT prolonging medications (www.crediblemeds.org) and electrolyte abnormalities (QI 04M02).35 

An ICD/CRT-D can affect daily life and mental health.36, 37 Having an ICD also incurs sensitive discussions about device deactivation among patients and families.38 Accordingly, it is recommended that patients with an ICD/CRT-D receive counselling about living with an ICD (QI 04S01).

Domain 5: Pharmacological treatment 
Adrenergic activation is a well-documented trigger of VA in patients with congenital LQTS. Beta blockers reduce the burden of syncope and SCD in patients with LQTS.39-41 Non-selective beta blockers propranolol and nadolol are even more protective against breakthrough arrhythmic events in LQTS patients.42 Thus, beta blockers constitute the mainstay of the management of patients with congenital LQTS. Whilst certain types of LQTS may have greater benefit from beta blocker treatment compared with other types,43 improved outcomes are observed across the whole spectrum of LQTS and is thus an indicator of care quality in this group of patients (QI 05M01).44 

Domain 6: Device therapy  
ICD therapy is considered a primary therapeutic option for the prevention of arrhythmic death. Evidence supports the use of ICD for secondary and primary prevention of SCD in eligible patients.45-50 For secondary prevention after cardiac arrest or sustained symptomatic ventricular tachycardia (haemodynamically not tolerated), where no reversible cause is identified, ICD implantation reduces all-cause mortality when compared with medical treatment and is thus a QI for SCD prevention (QI 06M01). 

For the primary prevention of SCD, the strongest evidence is in favour of device therapy in patients with symptomatic heart failure and a left ventricular ejection fraction ≤ 35% despite ≥ 3 months of optimal medical therapy.51 For those with non-ischaemic heart failure, data supporting the benefit derived from primary prevention ICD implantation is less robust.52 Therefore, the working group voted in favour of adopting the proportion of ischemic cardiomyopathy patients, NYHA class II-III who have a left ventricular ejection fraction ≤35% and  ≥ 3 months of optimal medical therapy and a life expectancy > 1 year who receive ICD for primary prevention of SCD as a QI of appropriate device therapy (QI 06M02).

Customization of optimal ICD settings is associated with a reduced number of ICD therapies and improved patient outcome.53, 54 Programming of prolonged tachyarrhythmia detection settings and high-rate tachycardia detection thresholds is effective in reducing the overall therapy burden, without impairing patient safety among primary prevention ICD recipients.55-57 Accordingly, detailed programming recommendations are now available in expert consensus papers.58, 59 The proportion of primary prevention ICD recipients whose device is programmed to a prolonged detection strategy and/or high-rate programming strategy is proposed as an indicator of high-quality care (QI 06M03). 

Domain 7: Catheter ablation 
Despite the efficacy of ICD therapy in terminating VT episodes, the burden of ICD interventions should be minimized because ICD shocks are associated with poorer quality of life and outcomes.60, 61 Catheter ablation is an effective intervention in reducing VT recurrences in specific types of VTs with subsequent improvement in survival.62 Treatment alternatives in ICD recipients experiencing VT recurrences despite antiarrhythmic drug treatment would be either escalation of antiarrhythmic drug or catheter ablation. VT ablation is more effective in reducing recurrent VT episodes and appropriate ICD shocks than antiarrhythmic drug escalation in ischemic cardiomyopathy with VT despite appropriate first-line antiarrhythmic drugs.63 Therefore, the proportion of ischaemic cardiomyopathy patients with recurrent, symptomatic sustained monomorphic VT despite chronic amiodarone therapy who receive VT ablation is a quality indicator in provision of catheter ablation therapy (QI 07M01).64, 65 

Domain 8: Outcomes   
Whilst VT ablation reduces ICD shocks and VT recurrence and has  favourable effects on patient outcomes,62[endnoteRef:1] it may be associated with procedural complications including stroke and death.63 Morbidity and mortality in the 30 days following VT ablation is not negligible.66 Notwithstanding that procedural complications or death within 30 days after VT ablation are not necessarily attributable to the procedure per se, but rather to the underlying heart disease or even non-cardiac causes,63 it remains important to monitor trends in all-cause mortality (QI 08M01) and procedural complications in the first 30 days following VT ablation (QI 08S03).  [1: ] 

With regards to ICD procedures, complications in the first 30 days after implantation (QI 08S01) and procedure-related infections up to 1 year after all types of ICD implantation (QI 08S02) are QIs.67 

Survival to hospital discharge after out-of-hospital cardiac arrest is determined by several factors including the organization of emergency medical service, bystander CPR-rates, post-resuscitation protocols and provision of long-term care. Survival to hospital discharge is a key indicator for monitoring changes over time within a given system and for comparison across sites (QI 08M02).68


DISCUSSION
This document presents the first suite of the ESC QIs for the management of patients with VA and the prevention of SCD. It was developed in collaboration with EHRA and the Task Force of the 2022 ESC Guidelines for the management of patients with Ventricular Arrhythmia and the prevention of Sudden Cardiac Death.18 These 17 main and 4 secondary QIs across 8 domains of care were developed using a standardised methodology that combines evidence with expert judgment, and serve as tools to monitor and improve the management of patients with VA and to reduce the burden of SCD. 

Quality indicators have gained increased attention in recent years for two reasons. First, they provide tools for assessing, monitoring and reporting the quality of care and associated improvement initiatives within and across healthcare systems. Second, QIs support the adoption of guideline recommendations into clinical practice by translating key messages into specific and measurable QIs.17 This point has been recognized by the ESC and the since 2020 the ESC guidelines have been accompanied by suites of QIs.11-16 

[bookmark: OLE_LINK1][bookmark: OLE_LINK2]The present document outlines key aspects for the management of VA and the prevention of SCD. The 2016 ACC/AHA performance and quality measures for SCD prevention provided a list of important and feasible interventions, but lacks the inclusion of structural or outcome QIs which are of a particular importance in the context of VA and SCD prevention.16 In addition, there are no recommendations in the ACC/AHA set for the application of advanced imaging (e.g. LGE-CMR),69 monitoring (e.g. remote monitoring)70 or therapeutic (e.g. ablation)63 technologies for patients at risk of SCD.16  

The QIs defined in this document may stimulate quality assessment and improvement for patients at risk of SCD, but also provide the basis for data collection across different settings. The European Unified Registries on Heart care Evaluation and Randomized Trials (EuroHeart) project,71 incorporates the ESC QIs for cardiovascular disease into its international registries so that standardised ‘real-world’ data and performance may be described, and care improved. 

Furthermore, the QI of autopsy following a sudden unexplained death addresses the extreme heterogeneity and inequality of access across Europe. A recent survey of the EHRA Research Network and European Reference Network GUARD-Heart conducted by the Scientific Initiatives Committee and the European Cardiac Arrhythmia Genetic Focus Group of EHRA, indicated that on average, an autopsy was performed in 43% of suitable cases: 39% of respondents stated that autopsy rates were between 50% and 100%; 23% reported a rate between 25% and 49%; 31% a rate from 1% to 24%; and 7% stated that no autopsy is usually undertaken.72 The main reason for low autopsy rates was the lack of legal mandate which requires a Europe-wide public health initiative that this QI will measure.

The selection of the developed QIs was structured according to the ESC methodology for QI development.9 The conduction of a systematic review of the literature and the involvement of a far-reaching Working Group ensured that the selected set of QIs are valid measures of care quality which are also feasible and relevant to existing gaps in care delivery.    

There are limitations of our work which merit consideration. The target population for these QIs was broad and included patients at risk for SCD, as well as victims of SCD and their family members. As such, the Working Group prioritised key aspects of care delivery across the whole spectrum of SCD prevention and avoided replicating relevant QIs that have recently been covered in other suites of the ESC QIs, such as these for heart failure, cardiovascular disease prevention and cardiac pacing.11, 12, 14-16 Some of the QIs relate to care that is not available in some areas of Europe (e.g. cMRI and specialist pathology). Even so, the majority of the Working Group agreed upon these measures so that they may be used in advocacy for changes in healthcare delivery. The ESC methodology used to develop the QIs relied on expert opinion, and this may have influenced the results. To minimise a bias (i) a systematic literature review was performed as a basis for QI development; (ii) the subsequent modified Delphi method for selection of the final set of QI followed a standardized process17; (iii) the members of the working group included experts in cardiac electrophysiology, cardiomyopathies, channelopathies, general cardiologist, patient representatives as well as individuals with expertise in the development of QI, and all voted independently during the Delphi process. We recommend that the QI suite is evaluated and refined as new evidence becomes available.   

CONCLUSION
This document defines 17 main and 4 secondary QIs across eight domains of care for the management of patients with VA and for the prevention of SCD. The QIs span the breadth of the care delivery for individuals at risk of SCD and provide a framework for quality improvement initiatives aiming to improve quality of care and outcomes for the management of VA and prevention of SCD.  
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Tables & figures 
Table 1. List of ESC QIs for the management of VA and the prevention of SCD
	Domain 1. Structural QIs

	QI 01M01: Healthcare centres with inpatient service that have a dedicated team to deliver cardiopulmonary resuscitation (CPR) 24/7 with a written CPR protocol.

	Numerator
	Healthcare centres with dedicated team to deliver CPR 24/7 with a written CPR protocol.

	QI 01M02: Healthcare centres involved in the management of SCA survivors and those at risk of SCD that have available protocols for the implementation & surveillance of remote monitoring for patients with CIED.

	Numerator
	Healthcare centres with available protocols for the implementation & surveillance of remote monitoring for patients with CIED.

	Domain 2. Screening & Diagnosis 

	QI 02M01: Proportion of young (<50 years) unexplained SCD victims who are referred for comprehensive autopsy including cardiac histopathology, post-mortem genetic testing, and, where indicated, toxicology.

	Numerator
	Number of young (<50 years) unexplained SCD victims who are referred for comprehensive autopsy including cardiac histopathology, post-mortem genetic testing and, where indicated, toxicology.

	Denominator
	Number of young (<50 years) unexplained SCD victims.

	QI 02M02: Proportion of SCD victims with likely heritable phenotype whose families receive a clinical and/or genetic workup for inherited cardiovascular conditions.

	Numerator
	Number of SCD victims with likely heritable phenotype whose families receive a clinical and/or genetic workup for inherited cardiovascular conditions.

	Denominator
	Number of SCD victims with likely heritable phenotype.

	QI 02M03: Proportion of unexplained SCA survivors who undergo pharmacological provocation testing. 

	Numerator
	Number of unexplained SCA survivors who undergo pharmacological provocation testing.

	Denominator
	Number of unexplained SCA survivors. 

	QI 02M04: Proportion of patients with arrhythmogenic right ventricular cardiomyopathy who undergo LGE-CMR at the time of diagnosis.

	Numerator
	Number of patients with arrhythmogenic right ventricular cardiomyopathy who undergo LGE-CMR at the time of diagnosis .

	Denominator
	Number of patients with arrhythmogenic right ventricular cardiomyopathy.

	Domain 3. Risk stratification  

	QI 03M01: Proportion of patients with hypertrophic cardiomyopathy (HCM) who undergo an assessment of their risk of SCD using the HCM SCD risk score at the time of initial evaluation.

	Numerator
	Number of patients with hypertrophic cardiomyopathy who undergo an assessment of their risk of SCD using the HCM SCD risk score at the time of initial evaluation.

	Denominator
	Number of patients with hypertrophic cardiomyopathy.

	QI 03M02: Proportion of patients with hypertrophic cardiomyopathy who undergo LGE-CMR at the time of initial evaluation.

	Numerator
	Number of patients with hypertrophic cardiomyopathy who undergo LGE-CMR at the time of initial evaluation.

	Denominator
	Number of patients with hypertrophic cardiomyopathy.

	Domain 4. Patient education & lifestyle modifications   

	QI 04M01: Proportion of patients with arrhythmogenic cardiomyopathy who receive counselling about avoidance of high intensity and endurance sports. 

	Numerator
	Number of patients with arrhythmogenic cardiomyopathy who receive counselling about avoidance of high intensity and endurance sports.

	Denominator
	Number of patients with arrhythmogenic cardiomyopathy.

	QI 04M02: Proportion of patients with congenital LQTS who receive counselling about all the following:
· the risk of electrolyte abnormalities (e.g. diarrhoea & vomiting, but also use of diuretics),
· the avoidance of QT-prolonging drugs (www.crediblemeds.org), and 
· the avoidance of genotype-specific triggers for arrhythmias.

	Numerator
	Number of patients with congenital LQTS who receive counselling about all the following:
· the risk of electrolyte abnormalities (e.g. diarrhoea & vomiting, but also use of diuretics),
· the avoidance of QT-prolonging drugs, and 
· the avoidance of genotype-specific triggers for arrhythmias.

	Denominator
	Number of patients with congenital LQTS.

	QI 04S01: Proportion of patients with an ICD/CRT-D who receive counselling about living with a defibrillator. 

	Numerator
	Number of patients with an ICD/CRT-D who receive counselling about living with a defibrillator.

	Denominator
	Number of patients with an ICD/CRT-D.

	Domain 5. Pharmacological treatment    

	QI 05M01: Proportion of patients with congenital LQTS who receive beta-blockers.

	Numerator
	Number of patients with congenital LQTS who receive beta-blockers.

	Denominator
	Number of patients with congenital LQTS.

	Domain 6. Device therapy     

	QI 06M01: Proportion of VT/VF cardiac arrest survivors (or those with spontaneous sustained VT causing syncope or haemodynamic instability) without a reversible cause who have a life expectancy >1 year and receive secondary prevention ICD implantation. 

	Numerator
	Number of VT/VF cardiac arrest survivors (or those with spontaneous sustained VT causing syncope or haemodynamic instability) without a reversible cause who have a life expectancy >1 year and receive secondary prevention ICD implantation.

	Denominator
	Number of VT/VF cardiac arrest survivors (or those with spontaneous sustained VT causing syncope or haemodynamic instability) without a reversible cause who have a life expectancy >1 year.

	QI 06M02: Proportion of patients with ischaemic cardiomyopathy, NYHA class II-III who have EF≤35% despite ≥3 months of OMT and life expectancy > 1 year who receive ICD for primary prevention of SCD.

	Numerator
	Number of patients with ischaemic cardiomyopathy, NYHA class II-III who have EF≤35% despite ≥3 months of OMT and life expectancy > 1 year who receive ICD for primary prevention of SCD.

	Denominator
	Number of patients with ischaemic cardiomyopathy, NYHA class II-III who have EF≤35% despite ≥3 months of OMT and life expectancy > 1 year.

	QI 06M03: Proportion of patients with primary prevention ICD whose device is programmed to a prolonged detection strategy and/or high-rate programming strategy.

	Numerator
	Number of patients with primary prevention ICD whose device is programmed to a prolonged detection strategy and/or high-rate programming strategy.

	Denominator
	Number of patients with primary prevention ICD.

	Domain 7. Catheter ablation       

	QI 07M01: Proportion of patients with ischaemic cardiomyopathy and recurrent, symptomatic sustained monomorphic VT despite chronic amiodarone therapy who receive VT ablation. 

	Numerator
	Number of patients with ischaemic cardiomyopathy and recurrent, symptomatic sustained monomorphic VT despite chronic amiodarone therapy who receive VT ablation.

	Denominator
	Number of patients with ischaemic cardiomyopathy and recurrent, symptomatic sustained monomorphic VT despite chronic amiodarone therapy.

	Domain 8. Outcomes 

	QI 08M01: All‐cause mortality at 30 days following VT ablation. 

	Numerator
	Number of patients who died from any cause within 30 days following VT ablation 

	Denominator
	Number of patients who underwent VT ablation. 

	QI 08M02: Survival to hospital discharge after cardiac arrest 

	Numerator
	Number of patients who survive to hospital discharge after cardiac arrest

	Denominator
	Number of patients admitted with cardiac arrest

	QI 08S01: Procedural complications 30 days following ICD implantation (ICD-related bleeding, pneumothorax, cardiac perforation, tamponade, pocket haematoma, lead displacement, infection [all requiring intervention], or death).

	Numerator
	Number of patients who develop any procedural complication (ICD-related bleeding, pneumothorax, cardiac perforation, tamponade, pocket haematoma, lead displacement, infection [all requiring intervention], or death) within 30 days following ICD implantation. 

	Denominator
	Number of patients who undergo ICD implantation.

	QI 08S02: ICD-related infections up to 1 year following ICD implantation, replacement, or revision.

	Numerator
	Number of patients who develop ICD-related infection within 1 year following ICD implantation, replacement, or revision.

	Denominator
	Number of patients who undergo ICD implantation, replacement or revision.

	QI 08S03: Procedural complications 30 days following VT-ablation (vascular complications, tamponade, stroke, complete heart block).

	Numerator
	Number of patients who develop any procedural complication (vascular complications, tamponade, stroke, complete heart block) within 30 days following VT-ablation.

	Denominator
	Number of patients who undergo VT-ablation.


CIED= cardiac implantable electronic devices; CRT=cardiac resynchronization therapy; ESC=European Society of Cardiology; ICD=implantable cardioverter defibrillator; LGE-CMR=late gadolinium enhancement-cardiac magnetic resonance; LQTS= long-QT syndrome; NYHA= New York Heart Association; OMT=optimal medical therapy; QIs=quality indicators; SCD= sudden cardiac death; SCA= sudden cardiac arrest; VA= ventricular arrhythmias; VT= ventricular tachycardia; VF= ventricular fibrillation. 






Figure 1. Conceptual framework for the management of patients with ventricular arrhythmia and sudden cardiac death prevention 

CMR= cardiac magnetic resonance, ETT= exercise tolerance test, EP= electrophysiology, ICD= implantable cardioverter-defibrillator, PM= post-mortem, SCD= sudden cardiac death, TM= telemonitoring, VA= ventricular arrhythmias.

Figure 2. 2022 ESC EHRA QIs for VA and SCD Prevention 
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ARVC= arrhythmogenic right ventricular cardiomyopathy, BB= beta-blockers, CMR= cardiac magnetic resonance, CA= catheter ablation, CIED= cardiac implantable electronic devices, CPR= cardiopulmonary resuscitation, CRT-D= cardiac resynchronisation therapy-defibrillator, DC= discharge, HCM= hypertrophic cardiomyopathy, ICD= implantable cardioverter-defibrillator, LGE= late gadolinium enhancement, LQTS= long QT syndrome, OHCA= out-of-hospital cardiac arrest, SDC= sudden cardiac death, VA= ventricular arrhythmia, VT= ventricular tachycardia 


[bookmark: Funding]Figure 3. PRISMA flowchart for the systematic review 
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Appendices
Table A1. PRISMA checklist.  
	Section/topic 
	#
	Checklist item 
	Reported on page # 

	TITLE 
	

	Title 
	1
	Identify the report as a systematic review, meta-analysis, or both. 
	1

	ABSTRACT 
	

	Structured summary 
	2
	Provide a structured summary including, as applicable: background; objectives; data sources; study eligibility criteria, participants, and interventions; study appraisal and synthesis methods; results; limitations; conclusions and implications of key findings; systematic review registration number. 
	2

	INTRODUCTION 
	

	Rationale 
	3
	Describe the rationale for the review in the context of what is already known. 
	3

	Objectives 
	4
	Provide an explicit statement of questions being addressed with reference to participants, interventions, comparisons, outcomes, and study design (PICOS). 
	3

	METHODS 
	

	Protocol and registration 
	5
	Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), and, if available, provide registration information including registration number. 
	N/A

	Eligibility criteria 
	6
	Specify study characteristics (e.g., PICOS, length of follow-up) and report characteristics (e.g., years considered, language, publication status) used as criteria for eligibility, giving rationale. 
	5

	Information sources 
	7
	Describe all information sources (e.g., databases with dates of coverage, contact with study authors to identify additional studies) in the search and date last searched. 
	6

	Search 
	8
	Present full electronic search strategy for at least one database, including any limits used, such that it could be repeated. 
	6

	Study selection 
	9
	State the process for selecting studies (i.e., screening, eligibility, included in systematic review, and, if applicable, included in the meta-analysis). 
	6

	Data collection process 
	10
	Describe method of data extraction from reports (e.g., piloted forms, independently, in duplicate) and any processes for obtaining and confirming data from investigators. 
	6

	Data items 
	11
	List and define all variables for which data were sought (e.g., PICOS, funding sources) and any assumptions and simplifications made. 
	6

	Risk of bias in individual studies 
	12
	Describe methods used for assessing risk of bias of individual studies (including specification of whether this was done at the study or outcome level), and how this information is to be used in any data synthesis. 
	N/A

	Summary measures 
	13
	State the principal summary measures (e.g., risk ratio, difference in means). 
	N/A

	Synthesis of results 
	14
	Describe the methods of handling data and combining results of studies, if done, including measures of consistency (e.g., I2) for each meta-analysis. 
	7



Table A2. Embase and MEDLINE search terms for the systematic review.
	Database: Embase <1996 to 2021 Week 23>

	Search Strategy:

	1     exp Death, Sudden, Cardiac/ (17885)

	2     (sudden adj2 death).mp. or sudden death/ (75982)

	3     cardiac death.mp. (51377)

	4     ((card* or sudden) adj1 (death or arrest)).ti,ab. (129891)

	5     (ventric* adj1 fibrillation).ti,ab. or heart ventricle fibrillation/ or "electrical storm (heart)"/ (30199)

	6     or/1-5 (174452)

	7     heart infarction/ (222475)

	8     acute heart infarction/ (71988)

	9     acute coronary syndrome/ (62038)

	10     ST segment elevation/ (27044)

	11     non st segment elevation acute coronary syndrome/ (2046)

	12     infarction/ or ischemia/ or necrosis/ (150705)

	13     apoptosis/ and heart/ (4124)

	14     cell death/ and heart/ (1523)

	15     cell damage/ and heart/ (518)

	16     scar formation/ and heart/ (334)

	17     heart failure/ (235381)

	18     congestive heart failure/ (66194)

	19     acute heart failure/ or congestive heart failure/ (87548)

	20     left ventricular systolic dysfunction/ or systolic dysfunction/ or diastolic dysfunction/ or left ventricular diastolic dysfunction/ (33924)

	21     ischemic cardiomyopathy/ or alcoholic cardiomyopathy/ or nonischemic cardiomyopathy/ or restrictive cardiomyopathy/ or congestive cardiomyopathy/ or peripartum cardiomyopathy/ or hypertrophic cardiomyopathy/ or cardiomyopathy/ or takotsubo cardiomyopathy/ or arrhythmogenic cardiomyopathy/ or Chagas cardiomyopathy/ or ((dilated or idiopathic) adj1 cardiomyopath*).ti,ab. (117691)

	22     ventricular noncompaction/ (3043)

	23     brugada/ or Brugada syndrome/ (6963)

	24     Wolff-Parkinson-White/ (0)

	25     exp heart right ventricle dysplasia/ (6149)

	26     (arrhythmo* adj1 (ventric* or cardiomyo* or dysplas*)).ti,ab. (1683)

	27     ((malignant* or idiopathic) adj1 arrhythmia*).ti,ab. (1695)

	28     heart ventricle tachycardia/ or monomorphic ventricular tachycardia/ or heart arrhythmia/ or catecholaminergic polymorphic ventricular tachycardia/ or long QT syndrome/ or short QT syndrome/ or torsade des pointes/ or laminopathy/ (136578)

	29     cardiac sarcoidosis/ or heart amyloidosis/ or myocarditis/ or congenital heart disease/ (64278)

	30     or/7-29 (950074)

	31     6 and 30 (85703)

	32     therapy/ or treatment/ or management/ (434011)

	33     ((antiarrhythm* or antitachycard*) adj1 (agent* or drug* or medic* or pac*)).ti,ab. (12061)

	34     catheter ablation/ (34353)

	35     risk assessment/ or sudden death/pc [Prevention] (595758)

	36     genetic screening/ (90959)

	37     (cardiac adj1 (resynchroni?ation or defibrillat* or pacemaker*)).ti,ab. or implantable cardioverter defibrillator/ (57512)

	38     (CRT or CRTD or CRTP or ICD).mp. [mp=title, abstract, heading word, drug trade name, original title, device manufacturer, drug manufacturer, device trade name, keyword, floating subheading word, candidate term word] (132415)

	39     (ventric* adj1 (shock* or therap* or pac*)).ti,ab. (7715)

	40     treatment response/ or improve*/ or trend/ (283029)

	41     or/32-40 (1565739)

	42     31 and 41 (25958)

	43     (random$ or placebo$ or single blind$ or double blind$ or triple blind$).ti,ab. (1636160)

	44     exp cohort analysis/ (710518)

	45     exp longitudinal study/ (150064)

	46     exp prospective study/ (670844)

	47     exp follow up/ (1627405)

	48     cohort$.tw. (1112527)

	49     or/43-48 (4341893)

	50     (animal$ not human$).sh,hw. (2956484)

	51     exp review/ (2348633)

	52     (literature adj3 review$).ti,ab. (333731)

	53     (systematic$ adj2 (review$ or overview)).ti,ab. (276545)

	54     (meta?anal$ or meta anal$ or meta-anal$ or metaanal$ or metanal$).ti,ab. (262857)

	55     (book or conference paper or editorial or letter or review).pt. not exp randomized controlled trial/ (4313932)

	56     (random sampl$ or random digit$ or random effect$ or random survey or random regression).ti,ab. not exp randomized controlled trial/ (121189)

	57     or/50-56 (7676832)

	58     49 not 57 (3572534)

	59     42 and 58 (10579)

	60     limit 59 to yr="2015 -Current" (5066)

	61     limit 60 to english language (5010)

	Database: Ovid MEDLINE(R) ALL <1946 to June 15, 2021>

	Search Strategy:

	1     exp Death, Sudden, Cardiac/ (16219)

	2     (sudden adj2 death).mp. or sudden death/ (60060)

	3     cardiac death.mp. (26584)

	4     ((card* or sudden) adj1 (death or arrest)).ti,ab. (92136)

	5     (ventric* adj1 fibrillation).ti,ab. or heart ventricle fibrillation/ or "electrical storm (heart)"/ (18390)

	6     or/1-5 (125408)

	7     acute coronary syndrome/ or Myocardial Infarction/ or Anterior Wall Myocardial Infarction/ or Non-ST Elevated Myocardial Infarction/ or ST Elevation Myocardial Infarction/ or Inferior Wall Myocardial Infarction/ (188512)

	8     ST segment elevation/ (4929)

	9     infarction/ or ischemia/ or necrosis/ (115649)

	10     apoptosis/ and heart/ (1569)

	11     cell death/ and heart/ (173)

	12     heart failure/ (125034)

	13     congestive heart failure/ (125034)

	14     acute heart failure/ or congestive heart failure/ (125034)

	15     ischemic cardiomyopathy/ or alcoholic cardiomyopathy/ or nonischemic cardiomyopathy/ or restrictive cardiomyopathy/ or congestive cardiomyopathy/ or peripartum cardiomyopathy/ or hypertrophic cardiomyopathy/ or cardiomyopathy/ or takotsubo cardiomyopathy/ or arrhythmogenic cardiomyopathy/ or Chagas cardiomyopathy/ or ((dilated or idiopathic) adj1 cardiomyopath*).ti,ab. (71553)

	16     brugada/ or Brugada syndrome/ (3495)

	17     Wolff-Parkinson-White/ (5533)

	18     (arrhythmo* adj1 (ventric* or cardiomyo* or dysplas*)).ti,ab. (1048)

	19     ((malignant* or idiopathic) adj1 arrhythmia*).ti,ab. (1192)

	20     heart ventricle tachycardia/ or monomorphic ventricular tachycardia/ or heart arrhythmia/ or catecholaminergic polymorphic ventricular tachycardia/ or long QT syndrome/ or short QT syndrome/ or torsade des pointes/ or laminopathy/ (8011)

	21     cardiac sarcoidosis/ or heart amyloidosis/ or myocarditis/ or congenital heart disease/ (70005)

	22     or/7-21 (555299)

	23     6 and 22 (29542)

	24     therapy/ or treatment/ or management/ (8526)

	25     Therapeutics/ (8526)

	26     ((antiarrhythm* or antitachycard*) adj1 (agent* or drug* or medic* or pac*)).ti,ab. (13425)

	27     catheter ablation/ (33795)

	28     risk assessment/ or sudden death/pc [Prevention] (283352)

	29     genetic screening/ (40259)

	30     (cardiac adj1 (resynchroni?ation or defibrillat* or pacemaker*)).ti,ab. or implantable cardioverter defibrillator/ (27438)

	31     (CRT or CRTD or CRTP or ICD).mp. [mp=title, abstract, original title, name of substance word, subject heading word, floating sub-heading word, keyword heading word, organism supplementary concept word, protocol supplementary concept word, rare disease supplementary concept word, unique identifier, synonyms] (54918)

	32     (ventric* adj1 (shock* or therap* or pac*)).ti,ab. (6236)

	33     or/24-32 (442763)

	34     23 and 33 (6789)

	35     (random$ or placebo$ or single blind$ or double blind$ or triple blind$).ti,ab. (1328387)

	36     exp cohort analysis/ (2151131)

	37     exp longitudinal study/ (146290)

	38     exp prospective study/ (579226)

	39     cohort$.tw. (670082)

	40     or/35-39 (3550518)

	41     (animal$ not human$).sh,hw. (4798867)

	42     exp review/ (2821413)

	43     (literature adj3 review$).ti,ab. (317538)

	44     (systematic$ adj2 (review$ or overview)).ti,ab. (223666)

	45     (meta?anal$ or meta anal$ or meta-anal$ or metaanal$ or metanal$).ti,ab. (205125)

	46     (book or conference paper or editorial or letter or review).pt. not exp randomized controlled trial/ (4492402)

	47     (random sampl$ or random digit$ or random effect$ or random survey or random regression).ti,ab. not exp randomized controlled trial/ (100877)

	48     or/41-47 (9432949)

	49     40 not 48 (2981630)

	50     34 and 49 (2728)

	51     limit 50 to english language (2615)

	52     limit 51 to yr="2015 -Current" (1124)




Table A3. 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. 

	
	QI implementation will lead to a meaningful improvement in patient outcomes.

	
	QI may address under- and/or over-use of a test or treatment.

	[image: page26image211549376]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 
[image: page26image211536512]
	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 
ACE= angiotensin converting enzymes; ARB=angiotensin receptor blocker; ARNI=angiotensin-receptor neprilysin inhibitor; eGFR= estimated glomerular filtration rate; MRA= Mineralocorticoid receptor antagonists; SGLT2=sodium-glucose transport protein 2. 

Management of VA and prevention of SCD  


Risk stratification
Symptoms, imaging (e.g. CMR), holter monitoring, EP study, genetic testing


Pharmacological management


Subclinical phase
Workup for SCD risk (e.g. screen family members) 


Diagnosis
History, examination, initial investigations (e.g. ECG, holter monitoring, imaging, ETT), advanced tests (genetic testing, provocation, PM) 


ICD implantation
Consideration (e.g. eligibility criteria), optimal programming & monitoring (e.g. TM)


Catheter ablation
Indication, outcomes


Outcomes of care
(e.g. outcomes of underlying condition, complications of therapy)


Patient education & lifestyle modification
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