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Table 2. Invasive and non-invasive diagnostic approaches for obstructive epicardial coronary artery disease.

	Invasive assessments

	Modality
	Metric
	Cut-off
	Clinical availability
	Reproducibility
	Reference

	Wire-based

	Hyperaemic
	FFR

	0.80
	Widely available
	+++

Recommended in guidelines
	 [S1]

	
	CFR
	<2.0
	Widely available
	
	 [S2, 3]

	
	hSR
	≥0.80 Hg/cm s
	Currently not available
	+++
	[S4]

	
	PPG
	0.73 
	Research
	+++
	 [S5]

	Non-hyperaemic
	iFR
RFR
DFR
Whole-cycle Pd/Pa
	0.89


0.91
	Widely available
	+++

Recommended in guidelines
	 [S6, 7]

	
	
	
	
	+++
	

	Non-wire-based

	Angiography-based
	QFR
	<0.80
	Selected centres
	+++
Recommended in guidelines
	[S8-14]

	
	vFFR
caFFR
FFRangio
	
	
	++
	


	Non-invasive assessments

	Modality
	Stressor
	Metric
	Threshold
	Clinical availability
	Reproducibility
	Reference

	ECG
	Exercise
	ST-segment depression
	0.1mV horizontal or down-sloping ST-segment depression 80msec from J point
	Routine
	+/++
	[S15]

	Cardiopulmonary exercise testing
	Exercise
	Peak VO2
	ECG criteria as per exercise ECG +
gas exchange analysis
	Routine
	++
	[S16-21]


	
	
	O2 pulse flattening
	
	
	
	

	
	
	DVO2/Dwork rate slope
	
	
	
	

	Computed tomography
	N/A
	Stenosis severity
	70%
	Routine
	++
	[S22]

	
	
	FFR-CT
	0.80
	Selected centres
	+++
	

	
	
	Perfusion
	MBF index <78ml/100ml/min
	Research or academic centre
	Investigational
	 [S23]

	Stress Echocardiography

	Wall motion assessment
	Exercise
Dobutamine
Adenosine  Dipyridamole
	WMSI
	New or worsening stress-induced segmental regional wall motion or thickening
	Routine
	++
	[S24]

	LAD Doppler
	Adenosine  Dipyridamole
	CFVR
	CFVR <2
	Selected centres
	+/++
	[S25]

	MCE perfusion
	Adenosine  Dipyridamole
	Refill time
	>2 secs during vasodilator stress
	Research or academic centre
	Investigational
	[S26]

	Nuclear

	SPECT
(99mTc-sestabmibi, 99mTc-tetrofosmin)
	Exercise
Adenosine
Dipyridamole
Regadenoson
	Qualitative & summed scores
	Qualitative or semiquantitative grading of reversible perfusion defect on rest/stress imaging
	Routine
	++
	[S27]

	Quantitative SPECT
	Exercise
Adenosine
Dipyridamole
Regadenoson
	MBF
MFR
	Stress MBF 1.86ml/min/g
MFR 1.61-1.95
	Research or academic centre
	+++
	[S28, 29]

	PET
(15O, 82Rb, 13NH, 18F-flurpiridaz)
	Adenosine
Dipyridamole
Regadenoson
	CFR


CFC
	Qualitative or semiquantitative grading of reversible perfusion defect on rest/stress imaging
CFR <2

Graded severity thresholds
	Research or academic centre
	+++
	[S30]

	Perfusion CMR

	Visual adjudicated
	Adenosine Regadenoson
	Visual perfusion defect
	Segmental transmurality and persistence of stress perfusion defect compared with rest perfusion or late gadolinium enhancement
	Routine
	++
	[S31]

	Semi-quantitative
	Adenosine, Regadenoson
	MPRI
	<1.1
	Research or academic centre
	++
	[S32]

	Quantitative
	Adenosine, Regadenoson
	MPR
Stress MBF
Endo:Epi ratio
	Stress MBF <1.94
	Research or academic centre
	+++
	[S33, 34]

	CAD: coronary artery disease; caFFR: computation pressure-flow dynamics derived FFR; CFC: coronary flow capacity; CFR: coronary flow reserve; CFVR: coronary flow velocity reserve; CMR: cardiac MRI;  DFR: diastolic hyperaemia-free ratio; ECG: electrocardiogram; endo:epi ratio: endocardial to epicardial ratio;  FFR: fractional flow reserve; FFRangio: coronary angiography-derived FFR; FFR-CT; fractional flow reserve – computed tomography;  hSR: hyperaemic stenosis resistance; iFR: instantaneous wave-free ratio; LAD: left anterior descending; MBF: myocardial blood flow; MCE: myocardial contrast echocardiography; MFR: myocardial flow reserve; MPR: myocardial perfusion reserve; MPRI: myocardial perfusion reserve index; MRI: magnetic resonance imaging;  Pa: aortic pressure; Pd: distal coronary pressure; PET: positron emission tomography;  PPG: pullback pressure gradient;  QFR: quantitative flow ratio; RFR: resting full-cycle ratio; SPECT: single-photon emission computed tomography; VCO2: volume of carbon dioxide production; VE: minute ventilation;  vFFR: vessel FFR; VO2: volume of oxygen uptake; WMSI: wall motion score index.  Reproducibility: low (+), acceptable (++), good (+++).  Specific cut-off values for each modality are subject to ongoing investigation.






























Table 3. Invasive and non-invasive diagnostic approaches for evaluation of ischaemia not attributable to obstructive epicardial coronary artery disease (fully referenced in Supplementary Appendix). 


	Invasive assessments 

	Modality
	Metric
	Cut-off
	Clinical availability
	Utility
	Reference

	A. CMD assessment

	Wire-based

	Intracoronary Doppler
	CFR
	<2.5
	Currently unavailable
	· High and extensively validated
· Recommended in guidelines
	[S35-37]

	
	hMR
	>2.5
	
	
	 [S35, 36]

	
	Pzf
	42mmHg
	
	
	[S38]

	
	AChFR
	1.5
	
	
	 [S39]

	Bolus thermodilution
	CFR
	<2.5
	Widely available
	· Good, extensive use reported, moderate reproducibility 
· Recommended in guidelines
	 [S40]

	
	IMR
	25
	
	
	 [S41]

	
	RRR
	<3.5
	
	
	[S42]

	
	MRR
	3.0
	
	
	 [S43, 44]

	Continuous thermodilution
	CFR
	<2.5
	Research or academic centres
	· Increasingly investigated, high reproducibility
· Recommended in guidelines
	[S45-48]

	
	Absolute hyperaemic resistance
	> 480 Woods Units
	
	
	

	
	MRR
	<2.1
	
	
	[S44, 49, 50]

	Non-wire based

	Angiography-based
	IMRangio
	25
40 severe
	Research or academic centres
	· Increasingly investigated
· Quantitative criteria established
· Not in current guidelines
	 [S51, 52]


	B. Myocardial bridging assessment

	Invasive coronary angiography
	Nil
	Milking effect
	Widely available
	
· Increasingly investigated

· Quantitative criteria established

· Not in current guidelines
	[S53]

	Intracoronary imaging
	IVUS
OCT
	Half-moon sign

Fusiform, signal poor border with systolic compression

Cross-sectional area & phase of cardiac cycle
>10% systolic compression
	Selected centres
	
	

	Invasive coronary physiology
	Doppler wire
FFR
dFFR
iFR
WIA
	Fingertip sign
0.75
0.76
0.85

	Selected centres
	
	


	C. VSA assessment

	Invasive
	Acetylcholine
(or ergot or hyperventilation)
	Transient (sub)total coronary artery occlusion (>90% constriction) with:

· Angina
· Ischaemic ECG changes
	Widely available

	· COVADIS criteria established
· Recommended in guidelines
	[S54]



	Non-invasive assessments

	Modality
	Stressor
	Metric
	Threshold
	Clinical availability
	Utility in RA
	Reference

	A. CMD assessment

	ECG
	Exercise
	ST-segment depression
	≥0.1-mV ST-segment depression 80ms from the J-point on ECG
	Research or academic centre
	Widely available but limited evidence.
	 [S55]

	CPET
	Exercise
	MVO2
	Peak MVO2 17.3 vs. 27.3 ml/kg/min in normal controls
	Research or academic centre
	Available but limited evidence.
	[S56]

	Stress Echocardiography

	Wall motion assessment
	Exercise
Dobutamine
Adenosine  Dipyridamole
	WMSI
	Low sensitivity (44%) and specificity (56.1%)
	Routine
	Widely available but limited evidence
	[S57]

	LAD Doppler
	Adenosine  Dipyridamole
	CFVR
	CFVR < 2
	Research or academic centre
	Available and increasing evidence
	[S58]

	MCE perfusion
	Adenosine  Dipyridamole
Regadenoson
	Refill time
	> 2 secs during vasodilator stress
	Research or academic centre
	Investigational
	[S59]

	
	
	Stress MBF
Microvascular flux rate ()
 reserve
	236 intensity units/sec
1.6/sec

1.95
	
	
	 [S60]

	Nuclear

	SPECT
(99mTc-sestabmibi, 99mTc-tetrofosmin)
	Adenosine
Regadenoson
	Qualitative & summed scores
	-
	Routine
	Widely available but limited evidence
	

	Dynamic SPECT
	Adenosine
Regadenoson
	MBF
MFR
	-
	Research or academic centre
	Limited availability and evidence
	

	PET
(15O, 82Rb, 13NH)
	Adenosine
Dipyridamole
Regadenoson
	CFR
	CFR < 2
	Research or academic centre
	Limited availability but recommended
	[S61, 62]

	Perfusion CMR

	Visually adjudicated
	Adenosine Regadenoson
	Visual perfusion defect
	Circumferential subendocardial perfusion defect
	Routine
	Available but limited evidence
	[S63]

	Semi-quantitative
	Adenosine, Regadenoson
	MPRI
	1.84
	Research or academic centre
	Available but limited evidence
	[S64]

	Quantitative
	Adenosine, Regadenoson
	MPR
Stress MBF
Endo:epi ratio
	<2.4
<1.82

	Research or academic centre
	Limited availability but recommended
	[S33, 65]

	B. Myocardial bridging assessment

	Stress echocardiography
	Exercise
	Visual
	Focal septal buckling with apical scarring
	Research or academic centre
	Available but limited evidence
	 [S66, 67]

	CT
	Nil
	mm of overlying myocardium

MMI
(depth x length of muscle bridge)
	2mm: “deep muscle bridge”
5mm: “very deep muscle bridge”

MMI 31 predicted abnormal dFFR 0.76 with 74% sensitivity and 62% specificity
	Research or academic centre
	Available but limited evidence
	[S53, 68]

	
	
	FFR-CT
	0.75
(Gray zone 0.75-0.80)
	
	
	

	C. VSA assessment

	ECG
	Ambulatory or at time of symptoms
	ST segment changes
	ST segment elevation 0.1mV
ST segment depression0.1mV
New negative U waves
	Selected centres
	Available and recommended
	[S69, 70]

	AChFR: acetylcholine flow reserve; ANOCA: angina and non-obstructed coronary arteries; CFR: coronary flow reserve; CFVR: coronary flow velocity reserve; COVADIS: Coronary Vasomotor Disorders International Study Group; CMR: cardiac MRI; CT: computed tomography; dFFR: diastolic FFR; ECG: electrocardiogram; endo:epi ratio: endocardial to epicardial ratio; FFR: fractional flow reserve; hMR: hyperaemic microvascular resistance; iFR: instantaneous free wave ratio; IMR: index of microcirculatory resistance; IMRangio: angiography-derived IMR; INOCA: ischaemia and non-obstructed coronary arteries; IVUS: intravascular ultrasound; LAD: left anterior descending; MBF: myocardial blood flow; MCE: myocardial contrast echocardiography; mm: millimetres; MMI: myocardial bridge muscle index; MPR: myocardial perfusion reserve; MPRI: myocardial perfusion reserve index; MRI: magnetic resonance imaging; MRR: microvascular resistance reserve; MVO2: maximum oxygen uptake; OCT: optical coherence tomography; PET: positron emission tomography; Pzf: pressure at zero flow; RA: refractory angina; RRR: resistive reserve ratio; VSA: vasospastic angina; WIA: wave intensity analysis; WMSI: wall motion score index. Specific cut-off values for each modality are subject to ongoing investigation.




Table 4. Pharmacological options for anti-ischaemic therapy.

	Drug
	Mechanism of action
	Evidence of efficacy

	
	
	Stable angina/obstructive epicardial CAD
	Coronary microvascular dysfunction
	Vasospasm
	Refractory angina

	Beta-blockers
	Reduce heart rate and myocardial oxygen demand

Increase diastolic filling time

Reduce afterload
	Class I recommendation 
[S71-73]
	Recommended in ESC and AHA/ACC guidelines
[S71, 72, 74]
	Concomitant use of b-blockers for vasospastic angina can be considered without significant epicardial coronary stenosis (Class IIb) [S75]

After DES implantation, no evidence of increased frequency of ACh-induced vasospasm with beta-blocker therapy [S76, 77].
	No study

	Vasodilating beta-blockers

	As for beta blockers

Vasodilatation via alpha blockade & NO generation
	Carvedilol: Improvement in exercise tolerance, time to onset of angina, and 1mm ST-segment depression [S78]

Nebivolol: increased ischaemic and anginal thresholds [S79]
	Suggested in AHA/ACC guidelines [S72]

Results of NIRVANA Trial awaited
	As above
	No study

	Calcium channel blockers
	Reduce heart rate and myocardial oxygen demand

Vasodilation via action on vascular smooth muscle

Reduce afterload
	Class I recommendation [S71, 72]
	
Amlodipine: Improvement in exercise time (ChaMP-CMD) [S80]
	Amlodipine reduces rate of angina episodes [S81]

Diltiazem – EDIT-CMD trial improves epicardial vasospasm on coronary function testing [S82]
	No study

	Long-acting nitrates
	Vasodilation via action on smooth muscle

Reduce preload
	Class IIa, Level of evidence B [S71]
	Limited evidence

Limited benefit due to small vasodilatory effect on small resistance vessels [S103].
	
Reduction in angina frequency [S104].

Did not improve long-term prognosis in patients when combined with CCBs [S105].
	No study

	Nicorandil
	Cytoprotective effects

Vasodilation through NO donation
	IONA Trial [S83]

ESC 2024 Class IIb, level of evidence B [S71]
	Limited evidence with small number of studies in CMD
[S84-86]
	Limited evidence

Reduction in ergometrine-induced coronary spasm [S87]
	No RCT

Limited evidence with small studies in RA [S88]

	Metabolic modifiers
	
	
	
	
	

	Ranolazine
	Inhibition of late inward sodium current

Improves ionic homeostasis and myocardial energetics

Reduce myocardial oxygen demand
	ESC 2024 Class IIa, level of evidence B recommendation [S71]

CARISA Trial [S89]

RIVER-PCI [S90]
	Improvement in exercise time [S80]

Improvements in symptoms, quality of life, exercise performance and CFR [S91, 92]

Varying reports of effect on SAQ angina [S93, 94]

No improvement in symptoms or microvascular function (MARINA Trial) [S95]
	No study
	No RCT

Symptomatic improvement in observational cohort studies, no RCT

(Ranolazine Refractory Angina Registry) & Ling et al. [S96, 97]

	Trimetazidine
	Partial inhibition of -oxidation & increases glucose oxidation

Increases cellular tolerance to ischaemia
	ESC 2024 Class IIb, level of evidence B [S71]

AT-PCI trial [S98]

PATMOS trial [S99]

Meta-analysis of 13 studies showing clinical efficacy [S100]
	Limited evidence

Improved total exercise time, time to 1mm ST-segment depression and maximum ST-segment depression [S101]

Another study failed to show benefit [S102]
	No additional benefit on clinical outcomes when added to diltiazem and nitrates [S103]
	No RCT

Meta-analysis showed improvements in walking time and angina severity in patients not suitable for revascularisation [S104]


	
	
	
	
	
	

	Ivabradine
	Reduce heart rate through inhibition of If
	ESC 2024 Class IIa, level of evidence B, for LVEF<40% and SR>70bpm [S71]

BEAUTIFUL & SIGNIFY Trials [S105, 106]
	Improvement in SAQ [S94, 107]

No improvement in time to 1mm ST-segment depression or effect on microvascular function [S94]
	No study
	No study

	L-arginine
	Substrate for NO synthase

Improve endothelium-dependent vasodilation
	Limited evidence [S108]
	Limited evidence

Suggested improvements in endothelial function
	Limited evidence

Long-term supplementation improved small-vessel endothelial function with improvement and symptoms [S109]
	No study

	Rho-kinase inhibitors
	Coronary
vasodilation
	Limited evidence

Improvements on treadmill exercise test observed [S110]
	Limited evidence

Improvement in microvascular resistance in patients also with VSA [S111]
	Improvement in ischaemia in microvascular spasm [S112, 113]
	No study

	ACEi/ARB
	Inhibition of the effects of angiotensin II

Improves endothelial function
	No study on its anti-anginal effect
	CorMiCA [S114]

WISE Substudy [S115]

AHA/ACC 2023 Table 17 [S72]
	Limited evidence

Suggested improvements in angina when combined with CCB [S116]
	No study

	ACEi: angiotensin-converting enzyme inhibitors; ACh: acetylcholine; AHA: American Heart Association; ACC: American College of Cardiology; bpm: beats per minute; ARB: angiotensin receptor blocker; CAD: coronary artery disease; CCB: calcium channel blocker; CFR: coronary flow reserve; cGMP: guanosine 3’, 5’-cyclic monophosphate; CMD: coronary microvascular dysfunction; DES: drug-eluting stent; ESC: European Society of Cardiology; ET:1: endothelin-1; If: funny current; LVEF: left ventricular ejection fraction; NO: nitric oxide; RA: refractory angina; RCT: randomised controlled trial; SAQ: Seattle Angina Questionnaire; SR: sinus rhythm; VSA: vasospastic angina.












Supplementary Figure 1. Advanced pain management approaches in patients with refractory angina. Adapted from [S117, 118].

AP:		angina pectoris
BK:		bradykinin
CCS:		Canadian Cardiovascular Society
CNS:		central nervous system
GABA:		gamma-aminobutyric acid
SCS:		spinal cord stimulation
SENS:		subcutaneous electrical nerve stimulation
STT:		spinothalamic tract
TENS:		transcutaneous electrical nerve stimulation















































Supplementary Table 1. Reported rates of persistent angina after successful revascularisation.

	Study
	PCI/CABG
	Follow-up
	Rate of persistent angina (%)

	ACME [S119]
	POBA
	6 months
	36

	ACME 2 [S120]
	POBA
	6 months
	47

	CASS Registry [S121]
	CABG
	1 year
	24

	
	
	6 years
	40

	SOS [S122]
	PCI
	1 year
	34

	
	CABG
	
	21

	ART [S123]
	CABG
	1 year
	28-31

	MASS [S124]
	PCI
	3 years
	2

	
	CABG
	
	18

	MASS 2 [S125]
	PCI
	1 year
	48

	
	CABG
	
	41

	ARTS [S126]
	PCI
	1 year
	21.1

	
	CABG
	
	10.5

	RITA-2 [S127]
	PCI
	1-3 years
	30-40

	BARI-2D [S128]
	PCI or CABG
	1 year
	60

	
	
	5 years
	39

	COURAGE [S129]
	PCI
	1 year
	34

	
	
	3 years
	28

	
	
	5 years
	26

	SYNTAX [S130]
	PCI
	1 year
	28.4

	
	CABG
	
	23.7

	FREEDOM [S131]
	PCI
	1 year
	20.5

	
	CABG
	
	16.5

	EXCEL [S132]
	PCI
	1 year
	21.1

	
	CABG
	
	20.5

	SYNTAX Extend Survival Study [S133]
	PCI
	1 year
	28.3

	
	CABG
	
	23.7

	ISCHEMIA [S134, 135]
	PCI
	1 year
	66

	FAME-2 [S1]
	PCI
	1 year
	5.9

	
	
	3 years
	5.9

	
	
	5 years
	7.4

	DEFINE-PCI [S136]
	PCI
	1 year
	20.6

	ORBITA-2 [S137]
	PCI
	12 weeks
	60.2

	CABG: coronary artery bypass grafting; PCI: percutaneous coronary intervention



















Supplementary Table 2. Non-coronary causes of chest pain (adapted from [S138-140]).



	Cardiac
	· Hypertensive heart disease
· Left ventricular outflow tract obstruction
· Hypertrophic cardiomyopathy
· Dilated cardiomyopathy
· Infiltrative cardiomyopathies
· Left bundle branch block
· Pericarditis
· Aortic valve disease
· Aortic dissection
· Congenital cardiac abnormalities

	High output states
	· Anaemia
· Thyrotoxicosis

	Gastro-intestinal
	· Gastro-oeseophageal reflux disease/gastritis/oesophagitis
· Hiatus hernia
· Oesophageal spasm
· Peptic ulcer disease
· Gallstones
· Cholecystitis
· Pancreatitis

	Musculo-skeletal/chest wall
	· Post-sternotomy pain syndrome
· Sternal wire fracture
· Costochondritis
· Intercostal neuralgia

	Respiratory
	· Pulmonary embolism
· Pleural irritation
· Pulmonary hypertension
· Pneumothorax/haemothorax
· Pneumomediastinum
· Pneumonia
· Bronchitis
· Malignancy







Supplementary Table 3. Investigational drugs for refractory angina. 

	Drug
	Mechanism of action
	Evidence of efficacy

	
	
	Stable angina/obstructive epicardial CAD
	Coronary microvascular dysfunction
	Vasospasm
	Refractory angina

	Molsidomine

	Vasodilation through NO donation
	Reduced incidence of anginal attacks and use of nitrates [S141]
	No study
	Limited evidence

Potentially as effective as nifedipine in reducing ergometrine-induced spasm [S142].
	No study

	Metabolic modifiers
	
	
	
	
	

	Perhexiline
	Inhibition of fatty acid oxidation
	Limited evidence [S143]
	No evidence suggesting benefit
	Limited evidence 

No improvement in adverse events compared to nifedipine, diltiazem or verapamil [S144]
	Symptomatic improvement in a small cohort study [S145]

Retrospective data suggesting improvement in symptoms in heart failure and RA [S146]

	Allopurinol
	Decreases myocardial oxygen demand
	Increase in time to ST depression, total exercise time and time to chest pain [S147]
	No difference in maximum exercise time or CFR [S148]
	No study
	No study

	Mildronate
	Reduces fatty acid oxidation
	Limited evidence

Improvement in total exercise time [S149]
	No study
	No study
	No study

	
	
	
	
	
	

	Soluble guanylate cyclase stimulants
	Vasodilation through stimulation of cGMP
	No study
	No study
	No study
	No study

	Statins
	Inhibition of HMG-CoA reductase

Lipid lowering

Anti-inflammatory

Improves endothelial function
	Reductions in angina frequency and hospitalisation (TNT, PROVE-IT, 4S) [S150-152]
	Limited evidence

Small studies suggest improvements in CFR [S153]
	Limited evidence

Improved endothelial function. May reduce frequency of coronary vasospasm in addition to CCB [S154] 
	No study

	SGLT-2 inhibitors
	Inhibition of sodium-glucose cotransporters on proximal convoluted renal tubules

Increase in natriuresis and glucose excretion
	No study on symptom improvement
	Limited evidence 

No improvement in CFVR in patients with T2DM after empagliflozin [S155]
	No study
	Early study of benefit in RA (EMPT-ANGINA) [S156]

	Denopamine
	Combined beta-1 adrenergic agonist and alpha-receptor blockade
	No study
	No study
	Limited evidence – can be considered in patients without obstructive epicardial CAD and vasospasm confirmed by ACh provocation [S77]
	No study

	Cilostazol
	Inhibits PDE-3

Vasodilatation through smooth muscle relaxation and improved endothelial function

Inhibits platelet aggregation
	Limited evidence

Suggested to reduce risk of angina [S157]


	No study
	Limited evidence – trials are small and of short duration of therapy

May improve coronary vasoreactivity [S158], frequency and duration of angina [S159, 160]
	No study

	PDE-5 inhibitors

	Vasodilation through effect on cGMP
	Limited data. Improvement in time to angina and total exercise time [S161]
	No data on clinical efficacy

Improvements in CFR in a small study [S162]
	No study
	No study

	ET-1 antagonists
	Coronary vasodilation
	No study
	No evidence of clinical efficacy [S163]
	No evidence of clinical efficacy [S164]
	No study

	ACh: acetylcholine; AHA: American Heart Association; ACC: American College of Cardiology; CAD: coronary artery disease; CCB: calcium channel blocker; CFR: coronary flow reserve; cGMP: guanosine 3’, 5’-cyclic monophosphate; CMD: coronary microvascular dysfunction; NO: nitric oxide; PDE-3: phosphodiesterase-3; PDE-5: phosphodiesterase-5; RA: refractory angina; SGLT-2: sodium-glucose cotransporter-2; T2DM: type 2 diabetes mellitus.












































Supplementary Table 4. Non-pharmacological options for anti-ischaemic therapy.

	Anti-ischaemic therapy
	Description
	Proposed mechanism of action
	Randomised Study
	Guideline recommendation

	Coronary sinus reducer (CSR)
	Balloon-mounted device percutaneously inserted into the coronary sinus
	Reduction in microvascular resistance [S165]

Redistribution of myocardial perfusion [S166-171]

Improvement in endo:epi perfusion ratio [S167, 171]
	COSIRA [S172]

ORBITA-COSMIC [S171]
	IIb [S71]

	Enhanced external counterpulsation (EECP)
	Sequential inflation of a series of compressive cuffs on the lower limbs 
	Creates an effect similar to a balloon pump promoting retrograde aortic flow to increase diastolic pressure, improve coronary perfusion, venous return and cardiac output
	MUST-EECP [S173]
(stable angina)
	-

	Biologics
	Cell therapy (CD34+/CD133+)
	Proangiogenic paracrine effects 
	Pooled analysis of ACT-34, ACT-34 extension & RENEW [S174]

REGENT-VSEL [S175]

Meta-analyses of RCTs [S176, 177]

FREEDOM [S178]

IMPROvE-CED [S179]
	

	
	
Gene transfer therapy 

Viral vectors
Plasmids
	Promotion of neovascularisation (e.g. through expression of VEGF)
	Euroinject [S180]

AGENT-3 & AGENT-4 [S181]

KAT301 [S182]

EXACT [S183]
	-

	Extracorporeal shockwave therapy (ECSWT)
	Delivery of low-energy shockwaves to the border zones of ischaemic myocardium
	Reduction in ischaemia through induction of local vasodilation and neovascularisation
	Several small RCTs [S184-186]
	-

	Low-intensity pulse ultrasound (LIPUS)
	Delivery of pulsed ultrasound
	Induction of mechano-transduction to promote neovascularisation and upregulate endothelial NO synthase [S162]
	Shindo et al. [S187]
	-

	RCT: randomised controlled trial; NO: nitric oxide; VEGF: vascular endothelial growth factor


















Supplementary Table 5. Pharmacological and non-pharmacological options for advanced pain management in refractory angina.

	A. Pharmacology

	Drug
	Mechanism of Action
	Evidence
	Patient groups

	Tricyclic antidepressants (Imipramine)
	Modulatory effects on norepinephrine uptake and anticholinergic effect
	52%  in chest pain episodes [S188].
No improvement in quality of life [S189].
	Unobstructed coronary arteries

	SSRI (Escitalopram)
	Inhibition of the reuptake of serotonin into the presynaptic neuron
	No improvement in exercise-induced ischaemia [S190]
	CAD

	SNRI (duloxetine, venlafaxine)
	Inhibition of the reuptake of serotonin and norepinephrine into the presynaptic neuron
	Nil
	

	Gabapentinoids (pregabalin)
	Bind to voltage-gated calcium channels and reduce the synaptic release of several neurotransmitters
	Nil
	

	Opiates
	μ-opioid receptor agonist and effects descending inhibitory pathways modulating nociception
	Nil
	

	B. Neuromodulation 

	Modality
	Placebo-controlled study
	Participants (N)
	Primary outcome
	Result
	p-value/95%-CI

	Transcutaneous electrical nerve stimulation (TENS)
	No placebo-controlled studies available.
Case series: Nitz et al. (1993) [S191], West et al. (1993) [S192], Meyler et al. (1994) [S193]

	Subcutaneous electrical nerve stimulation (SENS)
	No placebo-controlled studies available. Case series: Buiten al. (2011) [S194], Goroszeniuk et al. (2012) [S195]

	Spinal cord stimulation (SCS)
	Eddicks et al (2007) [S196]
Lanza et al (2011) [S197]
Zipes et al (2012) [S198]
Eldabe et al (2016) [S199]
	12
25
68
29
	Walking distance
Angina attacks (week)
Daily anginal attacks
Angina frequency (SAQ)
	+ 57m
-12 episodes
-1.19 vs -1.29 episodes
-12.8 points
	p = 0.013
p = 0.002
p = 0.445
95%-CI = -29.1 – 3.5

	Sympathectomy
	Denby et al (2015) [S200]
	51
	Angina frequency (week)
	-31% vs. -31%
	p = NS


	C. Cognitive behavioural therapy and cardiac rehabilitation interventions (Adapted from [S177])

	Author & Year
	Design
	Setting
	Participants
	Intervention
	Follow up
	Outcomes

	Asbury et al. (2012) [S201]
	RCT
	Cardiology (including specialist RA clinic) and pain clinic outpatients
	40
1 hospitalised.
Final analysis: 19 intervention; 20 control
	8-week CR and symptom monitoring programme.
Control: 8-week symptom monitoring only
	Assessed at baseline, after final session and 8 weeks after intervention
	Improved physical ability and health anxiety

	Mittal et al. (2022) [S202]
	RCT
	Cardiology (persistent non-cardiac chest pain in a rapid access chest pain clinic)
	33 
27 completed the study
	2-hour, weekly, online guided 8-week course of mindfulness-based cognitive therapy
	Assessed at baseline and after 8-week period
	Improvement in general anxiety and mindfulness, and a trend towards improvement in SAQ scores

	Moore et al. (2005) [S203]
	Prospective case series
	Specialist RA clinic at a tertiary cardiac referral centre
	69
2 died, 1 lost to follow-up
	RA programme consisting of education, drug optimisation, CR and CBT
	Assessed at baseline and one year after intervention
	Improved health-related quality of life measured by SAQ and SF-12

	Moore et al. (2007) [S204]
	Retrospective case series
	Specialist RA clinic at a tertiary cardiac referral centre
	433
	Two-hour interview, stress management advice, relaxation training and a graduated exercise program
	Data was collected for one year pre- and post-intervention
	Immediate and sustained reduction in hospitalisation rate and lower mortality compared to surgical revascularisation

	Patel et al. (2016) [S205]
	Prospective case series
	Specialised RA clinic
	33
3 underwent revascularisation and were excluded
	Four-week 'pragmatic rehabilitation course’ combining CBT and an education programme
	Assessed at baseline, one-month and two years
	Improved quality of life (measured via SF-36) and mood (HADS). No change in angina frequency or GTN usage

	Tinson et al. (2016) [S206]
	Retrospective case series
	Outpatients, referred by cardiologists and primary care physicians
	135
Missing data for 66 participants but still included in some analyses
	9-week angina management programme run by a cognitive-behavioural therapist and physiotherapist
	Assessed at baseline, after final session and two months after intervention
	Reduction in self-reported angina frequency, duration, and GTN usage. Improvements in quality of life/disability, angina misconceptions, self-efficacy and mood.

	CAD: coronary artery disease; CBT: cognitive behavioural therapy; CI: confidence interval; CR: cardiac rehabilitation; GTN: glyceryl trinitrate; HADS: Hospital Anxiety and Depression scale; RA: refractory angina; RCT: randomised controlled trial; SAQ: Seattle Angina Questionnaire; SF-12: Short Form-12 Health Survey; SF-36: Short Form-36 Health Survey; SSRI: selective serotonin reuptake inhibitors; SNRI: serotonin and norepinephrine reuptake inhibitors.
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