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Annual incidence of shock by device type: the Altitude survival trial: 
total networked N°= 69300 pts



Functional surrogates
Measures of myocardial conduction disorders

- ECG, QRS fractionation, …….
- Signal averaged ECG
- Electrophysiologic Study

Measures of dispersion of repolarization
- QT dispersion & variability
- T-wave alternans & Variability

Measures of autonomic imbalance
- Resting Heart Rate
- Heart Rate Variability
- Baroreflex Sensitivity
- Heart rate turbulence
- Deceleration Capacity
- Myocardial Sympathetic Innervation

Measures of electrical instability
- VPCs
- NSVT

NYHA CLASS

Left Ventricular Ejection Fraction

Left Ventricular Volume

Peak Oxygen Consumption

Brain Natriuretic Peptide

Electrophysiological surrogates

Risk stratifiers for Sudden Cardiac Death and/or Cardiac Mortality

Myocardial fibrosis assessment by LGE



Goldberger et al, JACC 2014



Goldberger et al, 
JACC 2014



Goldberger et al, JACC 2014



Kentta et al, Heart Rhythm 2016





Kaplan-Meier curves of R-wave, J-wave, and T-wave heterogeneity for 
sudden cardiac death with number of events.
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Ontario ICD database 2007-2012
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Lee et al, Circ Heart Fail 2015

During 5918 person-years of follow-up, appropriate shock occurred in 204 patients (3.6 
shocks/100 person-years) and 292 died (4.9 deaths/100 person-years).
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Depiction of conceptual model of predicted risks of appropriate 
shocks vs death using quadrants

N=86 N=250

N=250 N=2847

Lee et al, Circ Heart Fail 2015



Deo et al, Circulation 2016

RESULTS: There were a total of 
345 adjudicated SCD events in 
our analyses, and the 12 
independent risk factors in the 
ARIC study included
age, male sex, black race, 
current smoking, systolic blood 
pressure, use
of antihypertensive medicatio  
diabetes mellitus, serum 
potassium, serum
albumin, high-density 
lipoprotein, estimated 
glomerular filtration rate,
and QTc interval.

Participants in the ARIC study 
(Atherosclerosis Risk in 
Communities) (n=13 677) and 
the CHS (Cardiovascular 
Health Study) (n=4207) who 
were free of baseline
cardiovascular disease were 
considered.





A, ARIC study 10-year calibration plot using sudden cardiac death prediction 
model and B, CHS 10-year calibration plot using the SCD prediction model
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Conclusions:
• Identifications of potential SCD victims  remains a difficult task due to 

the limited positive predictive value of available techniques.
• In the past years several approached have been developed and tested  

focusing on either autonomic modulation, substrate alterations, 
biomarkers or clinical parameters.

• As a result different algorithms have been proposed without a 
consensus on which to prefer.

• We are still searching for a predictor easy to use, reproducible,  
comparable in different settings and with a strong positive predictive 
value. The multifactorial origin of sudden cardiac death in different 
patient populations make this search extremely difficult.
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