	Adults ≤ 60 years receiving secondary prevention ICD.

	Group 1
Unexplained ventricular arrhythmia (UVA)
	Group 2
Ventricular arrhythmia of clear aetiology

	· Structurally normal heart, defined as:
· Normal or low-normal LV systolic function
· No regional wall motion abnormality
· Normal right ventricular systolic function
· Less than moderate valve stenosis/regurgitation
· LV wall thickness < 15mm
· No obstructive coronary artery disease (if available)
· No clear diagnostic features on ECG (e.g. normal QTc < 500ms, no obvious Brugada pattern, no epsilon wave)
	· Identifiable aetiology of ventricular tachyarrhythmia on the basis of 12-lead ECG, echocardiogram and coronary assessment
· Patients in this group fell into three categories:
· Ischaemic cardiomyopathy
· Non-ischaemic cardiomyopathy (e.g. dilated cardiomyopathy, hypetrophic cardiomyopathy) 
· Primary electrical aetiology (e.g. channelopathies) with manifest changes on baseline ECG




Table 1: Criteria for allocation to the groups of unexplained ventricular tachyarrhythmia, ischaemic cardiomyopathy and non-ischaemic cardiomyopathy used in the present study. ICD, implantable cardiac defibrillator.
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Figure 1: Consort diagram showing the identification of the unexplained ventricular arrhythmia (UVA) and ventriuclar arrhythmia of clear aetiology cohorts. ICD, implantable cardiac defibrillator; ICM, ischaemic cardiomyopathy; NICM, non-ischaemic cardiomyopathy; TTE, transthoracic echocardiogram; ECG, electrocardiogram. 


	Baseline Characteristic
	Group 1
UVA: n = 39
	Group 2
VA of clear aetiology: n = 63
	P value

	Clinical features

	[bookmark: _Hlk112711379]Age (years)
	35.6 ± 13.0
	46.0 ± 8.6
	<0.001*

	Female sex
	19 (48.7%)
	18 (28.6%)
	0.04*

	Hypertension
	4 (10.3%)
	19 (30.2%)
	0.02

	Diabetes
	1 (2.6%)
	10 (15.9%)
	0.04

	Smoker  
	5 (12.8%)
	15 (23.8%)
	0.17

	Family history of SCD
	8 (20.5%)
	6 (9.5%)
	0.12

	Prior syncope
	9 (23.1%)
	3 (4.8%)
	0.03*

	Identified aetiology

	Ischaemic CM
	0 (0%)
	16 (25.3%)
	N/A

	Non-ischaemic CM
	0 (0%)
	38 (60.3%)
	N/A

	Primary electrical aetiology
	0 (0%)
	9 (14.3%)
	N/A

	Presenting rhythm

	Cardiac arrest presentation
	32 (82.1%)
	41 (65.1%)
	0.06

	Ventricular fibrillation
	34 (87.2%)
	32 (50.8%)
	<0.001*

	Monomorphic VT
	3 (7.7%)
	29 (46.0%)
	<0.001*

	Polymorphic VT
	2 (5.1%)
	2 (3.2%)
	0.62

	Device type

	Subcutaneous ICD
	8 (20.5%)
	3 (4.8%)
	0.01*

	Single chamber ICD
	17 (43.6%)
	26 (41.3%)
	0.82

	Dual chamber ICD
	14 (35.9%)
	29 (46.0%)
	0.31

	Biventricular ICD
	0 (0%)	
	5 (7.9%)
	0.07



Table 2: Baseline characteristics of the included patients. Quantatative data described as mean ± standard deviation, qualitative (binary) data described as n (%). UVA, unexplained ventricular tachyarrhythmia; CM, cardiomyopathy; SCD, sudden cardaic death; VT, ventricular tachycardia; ICD, implantable cardiac defibrillator. *p <0.05 meeting threshold for statistical significance.
	Result
	Group 1
UVA: n = 39
	Group 2
VA of clear aetiology: n = 63
	P value

	Baseline ECG

	Result available
	39 (100%)
	63 (100%)
	N/A

	Sinus rhythm
	38 (97.4%)
	55 (87.3%)
	0.08

	Atrial fibrillation
	1 (2.6%)
	8 (12.7%)
	0.08

	Bundle branch block
	2 (5.1%)
	10 (15.9%)
	0.10

	Axis deviation
	4 (10.3%)
	18 (28.6%)
	0.02*

	QTc > 500ms
	0 (0%)
	1 (1.6%)
	0.43

	Early repolarisation pattern
	2 (5.1%)
	0 (0%)
	0.07

	Transthoracic echocardiogram

	Result available
	39 (100%)
	63 (100%)
	N/A

	LV ejection fraction (%)
	59 ± 8.4
	42.1 ± 15.3
	<0.001*

	LV diastolic diameter (mm)
	50.8 ± 6.4
	56.1 ± 11.0
	0.01*

	Segmental hypokinesis
	0 (0%)	
	19 (30.2%)
	<0.001*

	Impaired RV function
	0 (0%)
	19 (30.2%)
	<0.001*

	Valvular dysfunction‡
	0 (0%)
	9 (14.3%)
	0.01

	Coronary assessment

	Result available
	34 (87.2%)
	53 (84.1%)
	0.67

	Obstructive CAD
	0 (0%)	
	17 (27.0%)
	<0.001*

	Required revascularisation
	0 (0%)
	9 (14.3%)
	0.01*



Table 3: Results of transthoracic echocardiography for the included patients. Quantatative data described as mean ± standard deviation, qualitative (binary) data described as n (%). ‡ Valvular dysfunction defined as moderate-or-worse valve stenosis or regurgitation. UVA, unexplained ventricular tachyarrhythmia; QTc, corrected QT interval; CAD, coronary artery disease. *p <0.05 meeting threshold for statistical significance.


	Investigation modality
	Group 1
UVA: n = 39
	Group 2
VA of clear aetiology: n = 63
	P value

	Cardiac MRI
	32 (82.1%)
	40 (63.5%)
	0.046*

	Flecainide challenge
	8 (20.5%)
	0 (0%)
	<0.001

	Genetic testing
	10 (25.6%)
	10 (15.9%)
	0.23

	EP study
	6 (15.4%)
	2 (12.5%)
	0.97

	Exercise stress ECG
	8 (20.5%)
	1 (1.6%)
	0.001*



Table 4: Rates of utilisation for five ‘second-line’ invesigations for the workup of ventricular tachyarrhythmias. Qualitative (binary) data described as n (%). UVA, unexplained ventricular tachyarrhythmia; MRI, magnetic resonance imaging; EP study, electrophysiology study. *p <0.05 meeting threshold for statistical significance.


	39 patients with unexplained ventricular tachyarrhythmia

	Cardiac MRI utilised in 32 patients (82.1%)

	· Cardiac sarcoidosis identified in 2 patients
· ARVC identified in 2 patients
· Acute myocarditis identified 1 patient
· Old myocarditis identified in 1 patient
· Mitral annular disjunction identified in 1 patient
· Ischaemic scar with non-obstructive CAD identified in 1 patient

	Flecainide challenge utilised in 8 patients (20.5%)

	· Brugada pattern provoked on ECG in 2 patients

	Genetic testing utilised in 10 patients (25.6%)

	· Ryanodine receptor 2 mutation identified in 1 patients (CPVT)
· Desmoglein-2 mutation identified in 1 patient (ARVC)
· Desmin mutation identified in 1 patient

	EP study utilised in 6 patients (15.4%)

	· Right posterior accessory pathway identified and ablated in 1 patient
· Focal VT from the LV inferior septum identified and ablated in 1 patient
· Perimitral VT identified and ablated in 1 patient

	Exercise stress ECG utilised in 8 patients (20.5%)

	· No inducible VT/VF during exercise in any study

	Total 17 patients (43.5%) of patients had an aetiology of ventricular                          arrhythmia suggested by one or more second-line tests



Figure 2: Diagnotic yield of second-line investigations in the workup of unexplained ventricular tachyarrhythmia. ARVC, arrhythmogenic right ventricular cardiomyopathy; CAD, coronary artery disease; CPVT, catecholaminergic polymoprhic VT. 
	Anti-arrhythmic drug
	Group 1
UVA: n = 39
	Group 2
VA of clear aetiology: n = 63
	P value

	≥ 1 drug prescribed
	25 (64.1%)
	56 (88.9%)
	0.003*

	Beta blocker
	20 (51.3%)
	51 (81%)
	0.002*

	Amiodarone
	2 (5.1%)
	22 (34.9%)
	0.001*

	Flecainide
	1 (2.6%)
	0 (0%)
	0.20

	Sotalol
	2 (5.1%)
	0 (0%)	
	0.07



Table 5: Proportion of patients prescribed an antiarrhythmic drug on discharge following implantation with an ICD. Qualitative (binary) data described as n (%). UVA, unexplained ventricular tachyarrhythmia; *p <0.05 meeting threshold for statistical significance.


	Arrhythmia data
	Group 1
UVA: n = 39
	Group 2
VA of clear aetiology: n = 63
	P value

	Non-sustained VT
	17 (43.6%)
	24 (38.1%)
	0.58

	ATP
	11 (28.2%)
	9 (14.3%)
	0.09

	Device-delivered shocks
	6 (15.4%)
	3 (4.8%)
	0.07

	Any tachy-therapy  (ATP or shocks)
	12 (30.8%)
	9 (14.3%)
	0.045*

	Mortality
	0 (0%)
	3 (4.8%)
	0.17



Table 6: Burden of arrhythmia as detected on device interrogation. Qualitative (binary) data described as n (%). UVA, unexplained ventricular tachyarrhythmia; ATP, ant-tachycardia pacing *p <0.05 meeting threshold for statistical significance.
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