Supplementary materials to:
Cardiac magnetic resonance-derived left atrioventricular coupling index for prognostic stratification in patients with reduced ejection fraction: insights from the DERIVATE registry

SUPPLEMENTARY TABLES
Supplementary Table 1. Inclusion and exclusion criteria in the DERIVATE registry.
	Inclusion criteria
	• HF (according to the ACC/AHA classification) secondary to ICM
or NICM in adult patients (age ≥18 years)
• LVEF <50%
• Stage B and C (according to the ACC/AHA classification)
• The following variables available at baseline: clinical variables
standard TTE and CMR acquisition

	Exclusion criteria
	• Pregnancy
• Current alcohol or drug abuse
• Unstable angina
• Decompensated HF (NYHA class IV) in the previous 3 months
• Acute myocarditis in the previous 3 months
• Recent myocardial infarction (<40 days)
• Severe valvular disease
• Cardiac amyloidosis
• Hypertrophic cardiomyopathy
• Arrhythmogenic right ventricular cardiomyopathy
• Takotsubo cardiomyopathy
• Congenital heart disease
• Constrictive pericarditis
• Non CMR compatible device
• Estimated GFR ≤30 mL/min/1.73 m2 (KDOQI ≥4)
• Other contraindication to gadolinium contrast agent
• Severe claustrophobia
• Cancer
• Cardiotoxicity of cancer therapy
• Post-radiation
• Participating in other trials with an active treatment arm (not to
exclude patients who are in trials of diagnostic techniques or
approved therapies)
• Unwilling or unable to provide informed consent


Abbreviations: ACC/AHA: American College of Cardiology/American Heart Association; BNP: brain natriuretic peptide; CAD: coronary artery disease; CMR: cardiac magnetic resonance; GFR: glomerular filtration rate; HF: heart failure; ICM: ischemic cardiomyopathy; KDOQI: Kidney Disease Outcomes Quality Initiative; LVEF: left ventricle ejection fraction; NICM: non ischemic dilated cardiomyopathy; NYHA: New York Heart Association; TTE: transthoracic echocardiography.

Supplementary Table 2. Sensitivity analysis for predictor of LACI by multivariable linear regression excluding left ventricle and left atrial volumes from the model.
	
	Coeff (95% CI)†
	p-value

	Age, years
	0.236 (0.189; 0.283)
	<0.001

	Hypertension
	1.483 (0.251; 2.714)
	0.018

	Diabetes mellitus
	1.597 (0.189; 3.004)
	0.026

	NYHA class >II
	3.829 (2.391; 5.268)
	<0.001

	Atrial fibrillation
	7.323 (5.923; 8.724)
	<0.001

	LBBB
	-2.888 (-4.212; -1.563)
	<0.001

	ACE-I/ARBs
	-4.156 (-5.745; -2.566)
	<0.001

	MR >mild
	1.242 (0.006; 2.478)
	0.049

	LVEF, %
	-0.094 (-0.152; -0.037)
	0.001

	LV mass index, g/m2
	-0.085 (-0.107; -0.062)
	<0.001


Abbreviations: ACE-I: angiotensin-converting enzyme inhibitors; ARBs: angiotensin receptors blockers; CI: confidence intervals; LACI: left atrioventricular coupling index; LBBB: left bundle branch block; LV: left ventricle; LVEF: left ventricle ejection fraction; MR: mitral regurgitation; NYHA: New York Hearth Association.
†: R2 of the model is equal to 0.195.
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Supplementary Table 3. Predictors of all-cause mortality (ACM), ACM or heart failure (HF), and HF by univariable Cox regression.
	
	ACM
	ACM or HF
	HF*

	
	HR (95% CI)
	p-value
	HR (95% CI)
	p-value
	HR (95% CI)
	p-value

	Age, years
	1.04 (1.03-1.06)
	<0.001
	1.02 (1.01-1.02)
	<0.001
	1.01 (1.00-1.02)
	0.011

	Female
	0.97 (0.70-1.35)
	0.864
	0.78 (0.64-0.96)
	0.016
	0.68 (0.54-0.86)
	0.001

	BSA, m2
	0.64 (0.33-1.24)
	0.183
	1.33 (0.91-1.95)
	0.144
	1.60 (1.07-2.40)
	0.022

	CVD family history
	0.97 (0.71-1.32)
	0.853
	1.16 (0.98-1.38)
	0.093
	1.16 (0.95-1.41)
	0.153

	Smoking history
	0.62 (0.45-0.85)
	0.003
	0.84 (0.70-0.99)
	0.045
	0.94 (0.78-1.14)
	0.533

	Hypertension
	1.48 (1.11-1.98)
	0.007
	1.20 (1.02-1.42)
	0.030
	1.13 (0.94-1.37)
	0.192

	Dyslipidemia
	0.97 (0.73-1.29)
	0.812
	1.11 (0.94-1.31)
	0.202
	1.16 (0.96-1.40)
	0.118

	Diabetes mellitus
	1.89 (1.40-2.55)
	<0.001
	1.73 (1.44-2.07)
	<0.001
	1.51 (1.23-1.86)
	<0.001

	NYHA class >II
	2.23 (1.66-2.99)
	<0.001
	2.08 (1.75-2.48)
	<0.001
	1.98 (1.63-2.41)
	<0.001

	ICM
	1.90 (1.43-2.53)
	<0.001
	1.46 (1.24-1.72)
	<0.001
	1.36 (1.13-1.64)
	0.001

	Atrial fibrillation
	1.66 (1.22-2.27)
	<0.001
	1.54 (1.28-1.85)
	<0.001
	1.49 (1.21-1.83)
	0.001

	LBBB
	0.82 (0.59-1.14)
	0.240
	0.96 (0.80-1.15)
	0.652
	1.09 (0.89-1.33)
	0.420

	Beta-blockers
	0.61 (0.42-0.87)
	0.007
	0.96 (0.76-1.22)
	0.754
	1.19 (0.89-1.58)
	0.242

	Ivabradine
	0.93 (0.51-1.72)
	0.820
	1.28 (0.93-1.75)
	0.132
	1.28 (0.90-1.83)
	0.171

	ACE-I/ARBs
	0.59 (0.41-0.84)
	0.003
	0.75 (0.60-0.93)
	0.010
	0.77 (0.60-0.98)
	0.037

	Diuretics
	2.08 (1.42-3.04)
	<0.001
	2.06 (1.66-2.55)
	<0.001
	2.02 (1.59-2.58)
	<0.001

	Antiplatelets
	1.27 (0.95-1.70)
	0.104
	1.21 (1.02-1.43)
	0.027
	1.14 (0.94-1.37)
	0.191

	Statin
	1.19 (0.89-1.58)
	0.240
	1.16 (0.98-1.38)
	0.077
	1.14 (0.95-1.38)
	0.164

	Amiodarone
	1.39 (0.98-1.98)
	0.066
	1.55 (1.26-1.90)
	<0.001
	1.55 (1.23-1.94)
	<0.001

	Cardiac magnetic resonance

	LVEDVI, mL/m2
	1.00 (0.99-1.01)
	0.118
	1.00 (1.00-1.01)
	<0.001
	1.01 (1.00-1.01)
	<0.001

	LVESVI, mL/m2
	1.01 (1.00-1.01)
	0.007
	1.01 (1.00-1.01)
	<0.001
	1.01 (1.01-1.01)
	<0.001

	LVSV, mL
	0.99 (0.98-0.99)
	<0.001
	0.99 (0.99-0.99)
	<0.001
	0.99 (0.99-1.00)
	0.001

	LVEF, %
	0.97 (0.96-0.99)
	<0.001
	0.97 (0.96-0.98)
	<0.001
	0.97 (0.96-0.97)
	<0.001

	LV mass index, g/m2
	1.00 (0.99-1.01)
	0.734
	1.00 (0.99-1.00)
	0.977
	1.00 (0.99-1.00)
	0.909

	LGE
	1.48 (1.10-1.98)
	0.009
	1.53 (1.29-1.82)
	<0.001
	1.56 (1.28-1.89)
	<0.001

	LGE segments, n
	1.06 (1.02-1.10)
	0.002
	1.05 (1.03-1.08)
	<0.001
	1.04 (1.02-1.07)
	0.001

	LGE >3 segments
	1.41 (1.05-1.90)
	0.025
	1.51 (1.27-1.80)
	<0.001
	1.40 (1.15-1.71)
	0.001

	LAEDVI, mL/m2
	1.02 (1.01-1.03)
	<0.001
	1.02 (1.02-1.03)
	<0.001
	1.02 (1.02-1.03)
	<0.001

	LAESVI, mL/m2
	1.01 (1.01-1.02)
	<0.001
	1.01 (1.01-1.02)
	<0.001
	1.01 (1.01-1.02)
	<0.001

	LAEF, 5%
	0.87 (0.84-0.91)
	<0.001
	0.87 (0.85-0.89)
	<0.001
	0.88 (0.86-0.90)
	<0.001

	LACI, 5%
	1.12 (1.08-1.16)
	<0.001
	1.12 (1.09-1.14)
	<0.001
	1.10 (1.08-1.13)
	<0.001


Abbreviations as in Table 2.
*: Competing-risk analysis considering all-cause mortality as a competing event.


Supplementary Table 4. Hazard ratios adjusted for age, sex, cardiovascular risk factors, etiology of heart failure, New York Heart Association class, atrial fibrillation, and cardiac magnetic resonance characteristics.
	
	ACM
	ACM or HF
	HF*

	
	HR
(95% CI)
	p-value
	HR
(95% CI)
	p-value
	HR
(95% CI)
	p-value

	Age, years
	1.03
(1.01-1.04)
	<0.001
	1.00
(0.99-1.01)
	0.402
	1.00
(0.99-1.01)
	0.543

	Female
	1.12
(0.79-1.59)
	0.531
	0.91
(0.74-1.12)
	0.379
	0.76
(0.59-0.97)
	0.030

	Smoking history
	0.61
(0.44-0.85)
	0.004
	0.76
(0.63-0.91)
	0.003
	0.83
(0.68-1.02)
	0.076

	Hypertension
	1.10
(0.80-1.51)
	0.554
	0.99
(0.83-1.20)
	0.949
	0.98
(0.79-1.21)
	0.864

	Dyslipidemia
	0.72
(0.53-0.99)
	0.040
	0.97
(0.81-1.17)
	0.766
	1.07
(0.87-1.32)
	0.508

	Diabetes mellitus
	1.42
(1.03-1.96)
	0.031
	1.45
(1.19-1.75)
	<0.001
	1.26
(1.01-1.58)
	0.043

	NYHA class >II
	1.85
(1.37-2.51)
	<0.001
	1.67
(1.39-2.00)
	<0.001
	1.54
(1.24-1.92)
	<0.001

	ICM
	1.44
(1.03-2.00)
	0.032
	1.11
(0.92-1.36)
	0.278
	1.02
(0.82-1.27)
	0.855

	Atrial fibrillation
	1.23
(0.88-1.70)
	0.227
	1.18
(0.97-1.43)
	0.103
	1.12
(0.89-1.41)
	0.328

	LVEDVI, mL/m2
	1.00
(0.99-1.01)
	0.095
	1.00
(1.00-1.01)
	0.001
	1.00
(1.00-1.01)
	0.022

	LVEF, %
	1.00
(0.98-1.01)
	0.687
	0.99
(0.98-1.00)
	0.012
	0.98
(0.97-0.99)
	<0.001

	LGE segments, n
	1.05
(1.01-1.10)
	0.013
	1.04
(1.01-1.06)
	0.002
	1.02
(1.00-1.05)
	0.093

	LACI, 5%
	1.06
(1.01-1.11)
	0.021
	1.09
(1.06-1.12)
	<0.001
	1.09
(1.05-1.12)
	<0.001


Abbreviations: ACM: all-cause mortality; HF: heart failure; ICM: ischemic cardiomyopathy; LACI: left atrioventricular coupling index; LGE: late gadolinium enhancement; LVEDVI: left ventricle end-diastolic volume index; LVEF: left ventricle ejection fraction; MAACE: major adverse arrhythmic events; NYHA: New York Hearth Association.
*: Competing-risk analysis considering all-cause mortality as a competing event.

Supplementary Table 5. Hazard ratios for predicting major adverse arrhythmic events (MAACE) adjusted for age, sex, cardiovascular risk factors, aetiology of heart failure, New York Heart Association class, atrial fibrillation, and cardiac magnetic resonance characteristics. Confidence intervals and p-values were obtained with bootstrap resampling for internal validation of Cox regression models.
	
	Univariable
	Multivariable

	
	HR
(95% CI)*
	p-value*
	HR
(95% CI)*
	p-value*

	Age, years
	1.01
(1.00-1.02)
	0.019
	1.00
(0.99-1.02)
	0.538

	Female
	0.63
(0.43-0.90)
	0.012
	0.77
(0.51-1.15)
	0.198

	Smoking history
	0.76
(0.56-1.02)
	0.070
	0.69
(0.51-0.94)
	0.020

	Hypertension
	1.34
(1.01-1.77)
	0.041
	1.32
(0.97-1.81)
	0.081

	Dyslipidemia
	0.91
(0.69-1.21)
	0.523
	0.89
(0.63-1.25)
	0.489

	Diabetes mellitus
	1.13
(0.81-1.57)
	0.488
	0.95
(0.67-1.37)
	0.798

	NYHA class >II
	1.50
(1.10-2.04)
	0.011
	1.21
(0.86-1.69)
	0.278

	ICM
	1.28
(0.97-1.69)
	0.087
	1.01
(0.71-1.44)
	0.969

	Atrial fibrillation
	1.51
(1.10-2.07)
	0.010
	1.15
(0.81-1.64)
	0.440

	LVEDVI, mL/m2
	1.01
(1.01-1.01)
	<0.001
	1.01
(1.01-1.01)
	<0.001

	LVEF, %
	0.96
(0.95-0.97)
	<0.001
	0.99
(0.97-1.00)
	0.082

	LGE segments, n
	1.08
(1.04-1.12)
	<0.001
	1.07
(1.03-1.11)
	<0.001

	LACI, 5%
	1.07
(1.03-1.11)
	0.001
	1.08
(1.03-1.13)
	0.001


Abbreviations: ICM: ischemic cardiomyopathy; LACI: left atrioventricular coupling index; LGE: late gadolinium enhancement; LVEDVI: left ventricle end-diastolic volume index; LVEF: left ventricle ejection fraction; MAACE: major adverse arrhythmic events; NYHA: New York Hearth Association.
*: Bootstrapped hazard ratios with 95% confidence intervals using 1000 bootstrap samples. Bootstrapped p-valued using 1000 bootstrap samples. 

Supplementary Table 6. Area under the curve (AUC) of tested variables for prediction of 3-year all-cause mortality (ACM), ACM or heart failure (HF), HF accounting for competing risk of ACM, and major adverse arrhythmic events (MAACE).
	
	AUC

	Variable
	ACM
	ACM or HF
	HF
	MAACE

	LACI
	0.617
	0.627
	0.606
	0.613

	TTE LVEF
	0.517
	0.553
	0.440
	0.589

	CMR LVEDVI
	0.516
	0.558
	0.548
	0.646

	CMR LVEF
	0.575
	0.615
	0.393
	0.623

	LGE segments
	0.475
	0.462
	0.548
	0.493


Abbreviations: CMR: cardiac magnetic resonance; LACI: left atrioventricular coupling index; LGE: late gadolinium enhancement; LVEDVI: left ventricle end-diastolic volume index; LVEF: left ventricle ejection fraction; TTE: transthoracic echocardiography.


SUPPLEMENTARY FIGURES
Supplementary Figure 1. Subgroup analyses evaluating left atrioventricular coupling index in the prediction of all-cause mortality (A), all-cause mortality or heart failure (B), heart failure with competing-risk analysis (C), and major arrhythmic adverse cardiac events (D). AF = atrial fibrillation, CMR = cardiac magnetic resonance, ICM = ischemic cardiomyopathy, LACI = left atrioventricular coupling index, LGE = late gadolinium enhancement, LVEF = left ventricle ejection fraction, MR = mitral regurgitation, NICM = non-ischemic cardiomyopathy, NYHA = New-York Heart Association.
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