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What are the ANOCA/INOCA endotypes?
Coronary artery spasm and microvascular disease are distinct and overlapping vascular disorders that may cause anginal symptoms [10,11]. Spasm may involve the epicardial coronary artery and/or the microcirculation. 
Microvascular angina
Coronary microvascular disease can be categorized into four types [14]. Type 1 coronary microvascular disease occurs in the absence of obstructive atherosclerotic coronary artery disease and associates with vascular risk factors, e.g. cigarette smoking, cancer chemotherapies; Type 2 occurs in myocardial disease e.g. primary and secondary cardiomyopathies; Type 3 occurs in the presence of obstructive atherosclerotic coronary artery disease; and Type 4 is iatrogenic coronary microvascular dysfunction, e.g. after coronary revascularization [14], and where affected, patients should undergo diagnostic testing post-PCI, either noninvasively or invasively. 
Coronary vasospasm
Epicardial coronary artery spasm causes vasospastic angina, first described by Prinzmetal as ‘variant angina’ [17]. Epicardial coronary artery spasm represents acute, flow-limiting vasoconstriction [18] and is typically diffuse rather than focal [19]. Coronary artery spasm is caused by hyperreactivity of vascular smooth muscle cells and a triggering stimulus. Endothelial dysfunction can be associated with coronary artery spasm, enhancing its likelihood and severity, but endothelial dysfunction is not the primary cause of spasm [17, 18]. Epicardial coronary spasm and microvascular spasm may co-exist, and their co-existence worsens prognosis, compared to either microvascular disease or coronary spasm in isolation [20]. In European populations, microvascular spasm is more common than isolated epicardial coronary spasm [18, 19].  Angina resulting from coronary artery spasm, although commonly idiopathic, is associated with cardiovascular risk factors, such as cigarette smoking [18] and perivascular inflammation [20].
Diagnostic management of ANOCA/INOCA
ANOCA/INOCA has multiple cardiac and systemic causes [50]. Cardiac causes include coronary vasomotion disorders, diffuse atherosclerosis, and myocardial disease. Systemic causes include anemia, renal disease, endocrine changes e.g., menopause, and pulmonary hypertension [50]. ANOCA/INOCA may underlie diverse cardiovascular conditions, notably heart failure [Figure 2] [51]. 
The diagnostic evaluation of a patient with a myocardial ischemic syndrome and suspected ANOCA/INOCA should include a clinical assessment, coronary artery imaging by CT or invasive angiography and non-invasive testing for myocardial ischemia [21, 22, 52] [Figure 2].
[bookmark: _Hlk191807216]A clinical service for ANOCA/INOCA should include access to non-invasive diagnostic imaging, an exercise ECG and invasive coronary function testing. To provide cost-efficient and equitable access to advanced diagnostic tests involving trained staff and expensive equipment, clinical services may be provided through regional healthcare networks. Patients with lived experience should be involved in the co-production of clinical care pathways, including educational materials with links to local forums and support services. 
[bookmark: _Hlk191809087]Non-invasive tests should be used initially (first-line) to assess for myocardial ischaemia (functional tests) and coronary artery disease (CT coronary angiography (CTCA) [2]. A pragmatic diagnostic approach for patients with suspected ANOCA involves first, undertaking CTCA to clarify coronary artery anatomy and disease, and then if obstructive coronary artery disease is excluded an exercise ECG can be useful to rule-in or rule-out inducible ischaemia in patients with ANOCA [59,60]. This strategy is useful to inform the diagnosis and treatment plan. Furthermore, the exercise ECG can be safely repeated to assess the functional response to treatment. Stress imaging by nuclear or MRI methods is also diagnostically useful to detect and quantify abnormalities in myocardial blood flow [2].
[bookmark: _Hlk191806751]The reference method for the diagnostic evaluation of ischaemia secondary to coronary micro- or macrovascular spasm involves intracoronary administration of acetylcholine (an off-label indication) by an invasive cardiology team with relevant experience [1,2] (Supplement). The European guidelines state “In persistently symptomatic patients despite medical treatment with suspected ANOCA/INOCA (i.e. anginal symptoms with normal coronary arteries or non-obstructive lesions at non-invasive imaging, or intermediate stenoses with normal FFR/iFR at coronary arteriography) and poor quality of life, invasive coronary functional testing is recommended to identify potentially treatable endotypes and to improve symptoms and quality of life, considering patient choices and preferences.” [2] 
Intracoronary acetylcholine testing is indicated to diagnose spasm of the coronary arteries and microcirculation [16, 52, 53, 56] [Figure 3]. Healthcare professionals involved in the management of patients with angina should be aware of the diagnostic criteria for angina resulting from coronary artery spasm [16], for microvascular angina [15] and the relevant tests and how to access these tests in their local network. They should be aware that coronary microvascular dysfunction causes angina in patients with myocardial disease, e.g., infiltrative cardiomyopathy, and in patients with obstructive coronary artery disease, including after technically successful myocardial revascularization (Figure 2) [13-15, 56].
Diagnostic tests assess for reversible ECG abnormalities, abnormal myocardial perfusion with a distribution that may be global, subendocardial or heterogeneous [35], impairments of coronary flow reserve (CFR) and increased microvascular resistance [32]. However, since myocardial ischemia may occur spontaneously, such as when caused by coronary spasm, noninvasive ischemia testing may be normal, and for these reasons, the term ANOCA (Angina with No Obstructive Coronary Arteries) may be used. Alternatively, patients may self-register an ECG during spontaneous episodes of chest pain at rest aiming at documentation of ischemic ECG shifts [54].
Information on the diagnostic management of ANOCA/INOCA is also available through patient forums [41,42] and stakeholder organisations [48,49].
Treatment of multisystem conditions
ANOCA/INOCA patients are susceptible to, and can present with, multisystem vascular and/or microvascular involvement [64,65]. In a recent survey, migraine headaches occurred in 46.5% of respondents, myocardial infarction in 22%, autoimmune disorders in 21.5%, Raynaud’s in 21.5%, thyroid disorders in 21.5%, rheumatoid arthritis in 5.5%, renal disease in 5.1%, and stroke in 3.3% [29]. For women who had undergone menopause, 37.5% reported that their symptoms changed with menopause. Additionally, 31.6% had been referred to a psychiatrist for their symptoms and 42.1% had been prescribed an anti-depressant [29]. These data underline patients’ needs for interdisciplinary, shared care. Other organ systems may include neurology and cognition [64]. This further emphasizes the need for a multidisciplinary care team and plan.
Prognosis of ANOCA/INOCA
Impaired CFR is associated with an increased risk of major cardiovascular events [27] and coronary spasm is associated with a higher likelihood of major cardiovascular events [26, 55-57]. In a European cohort study involving 736 consecutive symptomatic patients (57% women, mean age 62 ± 12 years) with unobstructed coronary arteries who underwent acetylcholine testing to detect epicardial or microvascular coronary spasm [27], after a median follow-up period of 7.2 years (6.5 to 7.9 years), 55 (7.5%) patients died, 8 (1.4%) patients experienced a nonfatal myocardial infarction, and 12 (2.2%) patients had a stroke. Recurrent symptoms were reported by 64% of patients, and repeat coronary angiography was performed in 12% of individuals. Multivariate analysis revealed epicardial coronary spasm as a predictor of nonfatal myocardial infarction (hazard ratio: 14.469; 95% confidence interval: 1.735 to 120.646) and repeat angiography (hazard ratio: 1.703; 95% confidence interval: 1.062 to 2.732), whereas patients with microvascular spasm more often had recurrent angina at follow-up (hazard ratio: 1.311; 95% confidence interval: 1.013 to 1.697).
Managed Clinical Networks
General principles 
A clinical service for ANOCA/INOCA should “consider the whole patient” and provide a multidisciplinary, patient-centred service A managed clinical network brings people together, including patients, their representatives, healthcare professionals, and service management, to bring about change (Supplement). The network should include an oversight board with the aim of improving the quality of ANOCA/INOCA services by increasing capacity of specialist services, prioritizing treatment, providing better information and support for patients, educating the workforce and guiding resource prioritization to investment in services. The managed clinical network could also identify and address inequalities in service provision. 
A clinical service for ANOCA/INOCA should “consider the whole patient” and provide a multidisciplinary, patient-centred service. This represents ‘Phase 2’ cardiac rehabilitation in the United States. The healthcare network should support clinical research and ensure equitable access for participation in research. The network should communicate regularly, such as through a bulletin, to describe relevant developments, resources, and their availability. Where ANOCA/INOCA services are not available locally, arrangements should be made for shared care between healthcare providers. 
Healthcare professionals in a managed clinical network for ANOCA/INOCA
Healthcare professionals providing ANOCA/INOCA services should establish a network of care. A network can facilitate standard setting, peer contacts and support, and knowledge exchange including case-based feedback. Such networks facilitate communication between professionals with diverse backgrounds to grow a community. A network could provide information on resources, i.e., a roadmap to clinical services in primary and secondary care.
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Table S1. Guideline recommendations for the diagnosis and management of ANOCA/INOCA [22].
	
	Class
	Level

	Selection of individual diagnostic tests in individuals with suspected chronic coronary syndrome
	
	

	Invasive coronary angiography with the availability of invasive functional assessments is recommended to confirm or exclude the diagnosis of obstructive CAD or ANOCA/INOCA in individuals with an uncertain diagnosis on non-invasive testing
	I
	B

	Diagnosis of ANOCA/INOCA
	
	

	In persistently symptomatic patients despite medical treatment with suspected ANOCA/INOCA (i.e. anginal symptoms with normal coronary arteries or non-obstructive lesions at non-invasive imaging, or intermediate stenoses with normal FFR/iFR at coronary arteriography) and poor quality of life, invasive coronary functional testing is recommended to identify potentially treatable endotypes and to improve symptoms and quality of life, considering patient choices and preferences.
	I
	B

	In individuals with suspected vasospastic angina and frequent symptoms, ambulatory ST-segment monitoring should be considered to identify ST-segment deviation during angina.
	I
	B

	Management of ANOCA/INOCA
	
	

	In symptomatic patients with ANOCA/INOCA, medical therapy based on coronary functional test results should be considered to improve symptoms and quality of life.
	IIa
	A

	For the management of endothelial dysfunction, ACE-I should be considered for symptom control.
	IIa
	B

	For the management of microvascular angina associated with reduced coronary/myocardial blood flow reserve, beta-blockers should be considered for symptom control.
	IIa
	B

	For the treatment of isolated vasospastic angina:
• calcium channel blockers are recommended to control symptoms and to prevent ischaemia and potentially fatal complications;
	I
	A

	• nitrates should be considered to prevent recurrent episodes
	IIa
	B

	In patients with evidence of overlapping endotypes, combination therapy with nitrates, calcium channel blockers, and other vasodilators may be considered.
	IIb
	B

	Recurrent or refractory angina/ischaemia
	
	

	In patients with refractory angina leading to poor quality of life and with documented or suspected ANOCA/INOCA, invasive coronary functional testing is recommended to define ANOCA/INOCA endotypes and appropriate treatment, considering patient choices and preferences.
	I
	B


a) Class of recommendation; b) Level of Evidence

Table S2. Components of a multidisciplinary service for INOCA.
	[bookmark: _Hlk121136030]Element
	Key points

	Education
	Patients – information sheets and online resources presented in various formats e.g., videos, written word, easy read with visual support and face to face contact.
Professionals – knowledge sharing, clinical care network, continuous professional development

	Diagnostic services
	Systemic health
Anatomical imaging
Functional imaging

	Management
	Lifestyle
Medicines – preventive therapy, angina therapy
Non-Pharmaceutical Interventions

	Multidisciplinary care
	Primary care
Secondary care – cardiology, women’s health services, rheumatology, neurology, chronic pain.
Social services
Allied health services - physiotherapy, occupational therapy, psychology
Family/ friends

	Rehabilitation
	Education about INOCA for rehabilitation professionals

	Care plan
	Patient, carer, and healthcare professionals

	Community
	Patient forums and patient-led initiatives
In person support group meetings
Family

	Research 
	Opportunity for cardiologists and other health care providers to conduct research
Every patient should be given the opportunity to participate in research 

	Quality 
	Data capture framework (performance and outcome measures), and gather data to inform service planning, implement audit and clinical governance

	Stakeholders
	Healthcare providers, patients, family, and social care providers.



2

Table S3. Clinical standards for INOCA.
	Domain
	Indicators

	Education
	Patients – provision of information sheets and online resources presented in various formats including videos. Written word and easy read with visual support and the additional option of face-to-face contact for those who cannot access IT.
Professionals – education strategy and implementation

	Diagnosis
	Documentation of systemic health e.g., hemoglobin, renal function
Anatomical imaging – coronary angiography, non-invasive or invasive 
Functional imaging – non-invasive nuclear or cardiovascular magnetic resonance imaging
Invasive coronary function tests including acetylcholine as required. 

	Management
	Risk assessment including documentation of heart rate, blood pressure, body mass index, lipids, HbA1c, autoimmune disease, inflammatory disease.
Patient-reported outcome measures
Lifestyle interventions – medical advice, community support groups, educational groups such as an Expert Patients Programme
Medicines – prescription of preventive therapy and angina therapy
Healthcare professional training for INOCA

	Managed care networks (multidisciplinary care)
	Links between primary and secondary care
Multidisciplinary secondary care – cardiology, neurology, rehabilitation services, women’s health services
Social services – links for welfare allowance, sickness benefit

	Rehabilitation
	Access to tailored Cardiac Rehabilitation – local and/or online (specific for INOCA with knowledgeable staff)

	Care plan
	A personalized, patient centred, updatable care plan for the patient and carer. 
Monitoring – return appointment(s) to assess the response to therapy and natural history

	Community
	Materials describing local, national and international patient forums, as well as patient led groups and initiatives.

	Research 
	Healthcare professionals should have the option to be involved in research where possible.
Every patient should be given the opportunity to participate in research 

	Quality 
	Audit - Data capture framework (performance and outcome measures), and data collection to inform service planning, implement audit and clinical governance.
Evidence of healthcare improvement.

	Stakeholders
	Evidence of links with stakeholder groups e.g., American Heart Association, British Heart Foundation, patient forums, patient groups, and patient led initiatives.



